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Abstract

In this paper I derive an ICAPM model based on an augmented definition of market wealth by
incorporating bonds, and by decomposing excess stock return news into bond premia news and
the remainder, news in the "true" equity premia. This model which represents an extension of the
Bad Beta Good Beta (BBGB) from Campbell and Vuolteenaho (2004), has three factors: Cash
flow news, equity premia news and bond premia news. The betas associated with bond premia
news are relatively stable across individual assets, in opposition to the equity premia betas. The
risk prices estimates of cash flow news (bad beta) are higher relative to equity premia news
(good beta) and this one has higher risk prices than bond premia news (excellent beta). Several
versions of the model outperform the CAPM and the BBGB models in pricing the
size/book-to-market portfolios. An augmented model which incorporates scaled factors related
with time-varying risk aversion, shows that risk aversion is negatively correlated with bond
premia news. This model has very low pricing errors and is also able to price the value premium,
in addition to other ICAPM specifications. Preliminary results show that the momentum factor
(UMD) factor is mostly insignificant in the presence of the ICAPM factors, and this suggests
that at least partially the ICAPM with time-varying bond premia and risk aversion can take into
account momentum.
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Following the Merton (1973) ICAPM, state variables that predict market returns, should act
as risk factors that price the cross-section of ex-post average returns. Despite this prediction -
and the existence of a vast literature showing that the market equity premium is time-varying
and predictable at several horizons by a set of state variables linked to short term interest
rates, bond yields and financial ratios - there have been not many attempts to test the ICAPM,
even in the presence of the CAPM failure to explain the cross section of average returns.
Among the papers that implemented empirically testable versions of the original ICAPM, are
Campbell (1993, 1996), and more recently Chen (2003), Brennan et al (2004), Guo (2002)
and Campbell and Vuolteenaho (2004) (CV hereafter). Using the same framework employed
by Campbell (1993, 1996), with an Epstein and Zin utility function, and employing the
decomposition for unexpected market returns, CV derive an ICAPM with only two factors:
covariance with discount-rate news (good factor) and covariance with cash flow news (bad
factor). A decline in future cash flows leads to a decline in current wealth, and investment
opportunities are unchanged, thus representing a permanent decrease in wealth. On the other
hand, an increase in future discount rates leads to a decline in the current value of wealth, but
future investment opportunities improve, since current wealth will be invested at higher future
returns, thus we have a transitory decline in wealth. In this sense, CV argue that the risk price
(premium) of cash flow news should be higher than the risk price of discount rate news, i.e.,
investors will demand a higher premium to hold assets that are correlated with cash flow
news, than to hold assets that covary with discount rate news. In their model, this relation is
valid for the case of a risk-averse investor, with relative-risk aversion coefficient greater than
1. CV have found that growth stocks have higher discount-rate betas and lower cash flow
betas than value stocks, in their modern sub-sample. Their model is not rejected, leading CV
to conclude that the first order condition of a long-term investor that holds the market portfolio
is not violated, and the difference in average returns between value stocks and growth stocks

is explained by their different composition of cash flow and discount rate betas, and thus such



an investor does not have incentives to overweight value stocks in his portfolio.

In this paper, | extend CV paper in four critical points. First, in response to the Roll (1977)
critique that the stock market index is an imperfect measure for total financial wealth, | use a
measure of the market portfolio as a weighted average of a stock index and a long maturity
government bond. Under this assumption, and using the same framework as in Campbell
(1993, 1996) and CV, | derive an ICAPM model with three factors: Cash flow news, excess
stock return news and excess bond return news.

Second, | decompose expected excess stock returns into expected excess stock-bond
returns and expected bond premia. Since the cash flows associated with stocks are uncertain
- as opposed to bonds which have fixed cash flows that are known beforehand - in order to
compensate for the risk associated with cash-flows, stocks earn a risk premium over
long-term bonds originating higher expected returns, in average. Thus, we can reinterpret
excess stock return as being composed by two components: Bond risk premia, used to
discount the "certain" part of future stock cash flows, and the stock-bond risk premia used to
discount the random or "risky" part of future cash flows, which represents the "true" equity risk
premia. Using this decomposition for excess stock returns, news about future excess stock
returns can be decomposed into news about future equity premia and news about bond
premia. A rise in both news components is associated with an improvement in investment
opportunities, since current wealth will be reinvested at higher returns, but while future bond
returns are known a priori, since they are used to discount certain cash-flows, future stock
returns are uncertain given that they are used to discount uncertain future cash-flows. Thus, a
rise in future bond returns represent a "certain" increase in future investment opportunities,
whereas the expected increase in future excess stock returns, represents an "uncertain”
increase in future financial wealth. Using the "bad beta, good beta" terminology from CV, we
can speak of a bad beta, a good beta and an "excellent" beta, which is the covariance with

bond premia news. Thus apart from the fact that the risk price (premium) of cash flow news



should be higher relative to both equity premia and bond premia news, news on stock-bond
excess returns should have a higher risk price (premium) than news on future excess bond
returns, due to the uncertainty involved in reinvested wealth. | calculated betas associated
with the two components of excess stock return news, and find that bond premia news have
relatively stable betas across the book-to-market quintiles, as expected since the type of risk
involved as to due with changes in long-term interest rates used to discount riskless cash
flows. On the other hand, in the case of the equity premia factor, growth stocks have
significantly higher (magnitude) betas than value stocks. | derive the ICAPM associated with
this decomposition for news in excess stock returns, and find that the risk price (premium) for
stock-bond excess returns is higher relative to the risk price associated with bond premia
news. In addition, the model improves slightly the pricing ability for the size/book-to-market
portfolios, relative to both the bad beta, good beta (BBGB) model from CV and the CAPM.
These results are robust for alternative characteristic portfolios and alternative bond returns.
An extension of the benchmark ICAPM that allows for time-varying covariances greatly
improves the explanatory power over the cross section, in comparison with the BBGB and
benchmark models.

In third place, | derive an unrestricted ICAPM with bond premia - in a heteroskedastic
context - which allows the risk prices to be freely estimated, and find that i) bond premia news
is a priced factor and ii) the model improves the pricing ability relative to the homoskedastic
ICAPM. A heteroskedastic ICAPM with revisions in real interest rates also fits well the cross
section of returns and in particular the size/book-to-market portfolios.

In forth place, | derive and estimate a generalized ICAPM that allows for time-varying risk
aversion, assuming that risk aversion is explained by the business cycle (dividend yield) and
bond premia news. The results show that a rise in bond risk premia is associated with lower
current risk aversion, which can be explained by an association between changes in risk

aversion and rebalances between bonds and stocks in investors’ portfolios. The ICAPM with



both time-varying bond premia and risk aversion produces very low average pricing errors for
the size/book-to-market portfolios, and the average pricing errors across the book-to-market
quintiles are also very small, and similar to those from the Fama-French (1993) model. Thus,
several specifications of the ICAPM with bond premia are able to price the value premium. In
addition, the momentum factor UMD when added to the ICAPM model, it is only partially
significant, and thus the ICAPM takes into account, at least partially, the momentum observed

in stock prices.

I. Theoretical framework

A. Measuring the market wealth

Roll (1977) argues that we can not test the CAPM with a noisy proxy for the market
portfolio, and that the stock market index is an imperfect measure of the market portfolio. To
minimize this concern, | assume that the representative investor holds bonds in addition to
stocks in his portfolio. Therefore, the market portfolio is a weighted average of a stock market
index and a proxy for the bond market, where the weights are given by the respective market
values. Data from the NYSE show that the total capitalization of the three Exchanges - NYSE,
NASDAQ and AMEX - at the end of the first semester 2005 is around 16.5 trillion usd. In
addition, data from the FRED Il database available from the St. Louis FED’s website indicate
that the value of US Treasury debt at the end of first quarter, 2005 is around 8 trillion usd.
Given the existence of corporate bonds in addition to government bonds, | assume that stocks
represent 70% of the market portfolio, while bonds represent 30%. This will be the benchmark
weights used in the paper.

B. A four factor ICAPM

The ICAPM model developed in this paper will make use of the decompositions for excess
stock market returns and excess bond returns, derived in the Appendix. Following Campbell

and Shiller (1988a), Campbell (1991) and Campbell and Ammer (1993) (CA thereafter) the



unexpected excess stock market return can be decomposed as
(Etir — EQ(rmr — Miea) = rE1 — ity — iy (1)
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where res = (Ewa —Ev) ijo P Ay, reg = (Ewa — Ey) Zj:1 P (Fmte14j — M) and
r}, = (Ey1 — Ey) Z:io prewas represent news about future cash flows, news about future

excess stock returns and news about future real interest rates, respectively. This equation
says that innovations in current excess stock returns are associated with an increase in
expected future cash-flows, a decrease in expected future excess returns or a decrease in
expected future real interest rates.
On the other hand, the current unexpected excess bond return can be decomposed as
(Eta — E)(Fopa — Fie1) = —Tog — Mg — Fihy (2

where r}; = (Ex1 — Ey) Zil P'rewas is the same as ri; above, (up to the first term in the
summation (Eui— E)rrei), ey = (Eww—Ey) Z; pl(Fows1s — Mr1sj) represents news about
future excess bond returns, and rll; = (Eui — Ey) Z; pirwa,j denotes expectations of future

inflation rates. This equation is similar to the bond return decomposition presented in CA, and
it shows that a rise in current unexpected excess bond returns is the result of either a
decrease in expected future excess bond returns or a decline in future nominal interest rates.
Both equations (1) and (2) represent accounting dynamic identities that arise from the
definition of stock and bond returns, as shown in the Appendix. Since stocks represent claims
on real cash flows, then they should be "neutral” to changes in inflation expectations, and
hence, future inflation rates should not help to price the cross section of stock returns. In
response to that, | approximate equation (2) by ignoring expectations of future inflation,
(Eva —E)(Fopa —Frea) & gy — s (3)
To derive the equilibrium asset pricing model, I Follow Campbell (1993, 1996) and

Campbell and Vuolteenaho (2004) (CV thereafter) and use an Epstein and Zin utility function,
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where 0 = 1 , ¥ is the elasticity of intertemporal substitution, y is the relative risk aversion

parameter, ¢ is a time discount factor, and C; denotes consumption. This utility function has
the advantage of allowing to separate y and y, contrary to the power utility function where v is
the reciprocal of y.
In this context, the intertemporal budget constraint is given by
Wi = Rpua(We = Cy) )
where W; represents total market wealth and Ry is the simple return on the "market"
portfolio. The market portfolio return finances the stream of consumption, and is equal to a
weighted average of the returns on a stock market index and a long-maturity bond which
represents a proxy for the bond market,
Rpt1 = ORmu1 + (1 — ®)Rpu1 (6)
where Rn.1 denotes the simple return on the stock market portfolio and Ry,1 denotes the
simple return on a long-maturity bond. As shown in the Appendix, the log market return can
be approximated as
Fptrr ® Ot + (1 — @)l (7)
with rpra = In(Rpa) representing the log market return and similarly ry .1 and ryr.q denoting
the log returns on stocks and bonds, respectively.? Given equation (7) the conditional
expected return on total wealth, is given by
Ei(rpt1) ® 0Ei(Fmest) + (1 — @)Ee(rpga) (8)
Following Epstein and Zin (1989, 1991), the objective function (4) has an associated pricing

equation in simple returns given by

1=Et{[59 ey ()" :m}} )

where the asterisk stands for real returns. The corresponding stochastic discount factor

(SDF) is equal to
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and a corresponding log SDF given by,
Mu1 = 0In(S) — ZACL — (1 -0)rpy (11)
where Acyy = In( <t ) denotes log consumption growth.
Summing and subtracting both %Et(Acm) and (1 - 0)E(r;,,) yields,
M1 = 0In(8) — L Ei(Acta) — (1 — OEi(r}p1) — o (ACt — Et(ACta))
—(1-0)(rpea — E(rpea))
= Ei(Mea) = 5 (Cet — Ee(Ce)) — (1= 0)(rjea — Ex(rja))  (12)

where the second equality makes use of the fact that Acyi — Et(ACu1) = Ct1 — Et(Cia).

Substituting cw1 — Et(Cw1) by its expression derived in the Appendix, it follows
M1 = Ex(Mea) — & [rﬁ,m —E(rpua) + (L= w)(Ewa — Ev) Z; pjr;,t+1+j:|
(1 -0)(rpu1 — Eu(rje))
= Ei(Mut) = 7(Fea = Eea)) + =9 (Ea —E) D" pleny  (13)
where the last equality follows from substituting the expression for 6 above. By adding and
subtracting the real risk-free rate r.1, and using the fact that excess nominal returns are
equal to excess real returns, one has
Me = Ee(Mea) — Y (B — EQ)(peir — 1) — Y(Ewr — B
HL=N)Ea =B D7 P (Mot = M) + A= Ea —B) 27 preay (14)
where the absence of asterisk indicates nominal returns, and r¢,; is the nominal risk-free
rate.
By using equation (8), it follows
Mu1 = Et(My1) — yo(Ewr — E) (Mmst — M) — Y(1 — @) (B — E0) (o1 — Fie1)

—Y(Eta —E)rrw1 + ©(1 —y)(Eva — Ev) Z; P (Fm1sj — ets)

+(1 - o)1 -y)(Ew - Ep) Z; P (Fogsasj — Fieasg) + (1 —7)(Eva — Ey) Z:l Prve  (15)



If we employ the decompositions for current unexpected stock and bond excess returns in
equations (1) and (3) above, we have,

Mea = Ee(Mea) —yo(re; —rfy — i) —yQ - w)(-rds - riy) + o1 - y)rg;
+H1-o)L-pris + @ -pris - y(1 - 0)(Eur — E)rrea
= Ei(Mu1) — yordi + orfly + (1 - o)rg, +18,y (16)

where in the last equality, | assume (1 - ®)(Ew1 —Eorra = 0, or in alternative that the
current real interest rate has a negligible role in pricing the cross section of returns.

Making f,., = (r&7,rfl;,r1,rf;)" and b = (—~yw,0,1-0,1)’ and using Theorem 1 in the
Appendix, we have finally the pricing equation,

E(Niwi — Fe1) + 2 = yooice — 0oin— (1 - w)oig —oig  (17)

where oice = Cov(riga, rsh), oin = Cov(ri, riy), oig = Cov(rig1,r2y), and
oir = Cov(riy1, r};) denote the asset covariance with cash flow news, excess stock return
news, excess bond return news and real interest rate news, respectively, and "72 is a
Jensen’s Inequality adjustment arising from working with log returns.

In the ICAPM model represented in equation (17), there are four factors which help to price
assets, and the covariances risk prices are theoretically constrained. The only free parameter
to be estimated in the cross-section is the relative risk aversion parameter y which affects the
risk price of covariance with cash flow news. For a risk-averse investor (y > 1) the risk price
associated with cash-flow news should be higher than (minus) the risk price of excess stock
return news?. In addition for > 0.5, the risk price of covariance with excess stock return
news should be higher (in magnitude) than the risk price of covariance with bond premia
news. Equation (17) represents a generalization of the bad beta, good beta model (BBGB)

from CV. If we allow o = 1, i.e. financial wealth is composed only by a stock index, then the

BBGB model arises as a special case of (17),

E(rit — resa) + 07'2 = yoicF —Cin—0oir  (18)



This is equivalent to the model in CV, with the only difference being the inclusion of oig,
which is ignored in their paper since they assume that the log real risk-free rate is
approximately constant, and therefore revisions in future real interest rates are zero.

C. ICAPM with time-varying bond premia: Benchmark model

The specification in (17) ignores the relation between stock and bond returns. In fact, both
stocks and bonds share common characteristics, since in both cases the current asset value
is the discounted sum of a long stream of future cash flows. Nevertheless, stocks exhibit two
key differences relative to long maturity bonds: First, there is an infinite stream of future
cash-flows, thus stocks have higher duration risk than bonds, which have fixed maturities.
Therefore, given a common discount rate, stocks are more sensible to changes in future
discount rates. Second, and most important, the cash flows associated with stocks are
uncertain, as opposed to bonds which have fixed cash flows that are known beforehand. To
compensate for the risk associated with cash-flows, stocks earn a risk premium over
long-term bonds, originating higher returns in average. Thus, we can reinterpret stock excess
returns as being composed by two components: Bond risk premia, used to discount the
"certain" part of future equity cash flows, and the stock-bond risk premia (stock returns in
excess of bond returns) used to discount the "risky" part of future equity cash flows, which
represents the "true" equity risk premia.

If we assume a time-varying stock-bond risk premia kui, then expected stock market
returns can be represented as,

Et(rmti1) = Et(rpgi1) + Ee(Kesn) (19)

As shown in the Appendix, this originates that excess stock return news can be split into

stock-bond premia news, and excess bond return news,
rty = ria + e (20)

where rf; = (Ey1 — Ey) Z; pku1sj denotes news about future stock-bond premia, which

represent the true equity premia news. These two components have a distinct fundamental

10



interpretation: Bond premia news represent revisions in future discount rates used to discount
certain future cash-flows, whereas stock-bond premia news represent revisions in future
expected discount rates used to discount uncertain future cash flows.

Substituting (20) in equation (16) above, and ignoring the real interest rate news factor -
which has a marginal role in pricing the cross section of returns - the log SDF is given by

M1 = Ex(Myt) — yorsh + orfy + 18, (21)

Making f,., = (r&f, iy, rE;)" and b = (—yw,»,1)" and using Theorem 1 in the Appendix, one
has,

E(rig — riea) + 07'2 = yooicr —woik —0ig  (22)

where ik = Cov(ri1,rt;) represents covariance with excess stock-bond return news. The
model in (22) will be the benchmark ICAPM analyzed in this paper, and the difference to the
ICAPM in equation (17), is that now the covariance with excess stock return news oix is
replaced by the covariance with stock-bond premia news oix, which has the same risk price
given by —. Thus, for a conservative investor (y > 1), the risk price associated with cash-flow
news should be higher than (minus) the risk price of "true" equity premia news. The second
difference to model (17) is that the covariance with bond premia news receives a risk price of
-1 compared with —(1-w®) previously. In consequence, since o <1 the risk price of
covariance with stock-bond premia news is lower (in magnitude) than the risk price of
covariance with bond premia news.

Since most asset pricing models are estimated and evaluated in terms of factor betas’ risk
prices, we can restate equation (22) in terms of single regression betas, originating the
following model,

E(rig — Fee) + 672 = Yoo Pick — 0ok fix —o8Pfis  (23)

where ¢3¢, o% and ¢ represent the variances of rSf, rk; and r2;, respectively. The risk

prices for betas can be derived by A = (Acr, Ak, 48)' = —otb, where o¢ is a diagonal matrix with

the factor variances on its main diagonal. In terms of betas risk prices, it will be the variances
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of rk, and rg, that will determine whether Bix has a higher (magnitude) risk price than Big or
not.

In addition, the model in covariances (22), can be represented in an expected return-beta
form with multiple-regression coefficients, as shown in Theorem 1 in the Appendix,

Eriea = Fiwa) + 5 = A7, = AéeBice + AkBix + AeBis  (24)

where A* = (A&, A, 48)' = —Var(f,,,)b denote the vector of factor risk prices, and
B, = Var(f,,,) *Cov(riu1,f,,,) represents the (3x1) vector of multiple-regression betas for asset
i. The A's represent the risk prices of multiple-regression beta risk for each of the factors. The
risk prices depend on the SDF coefficients y - as in the case of risk prices of both covariances
and single regression betas - but also on the variances and covariances between the factors,
since we are working with multiple regression betas. Given A = —Z;b, X = Var(f,,,), standard
errors for the factor risk price estimates can be calculated as,

Var(A) = ZVar(b)X, (25)
since Xy = X, and given

Var(b) :|: Var(b*) 0qxz :| (26)

0 (2X1) 0 (2X2)

with b* = —yw representing the SDF parameters to be estimated in the cross-section. Since
some of the risk prices are fixed a priori by the model, and hence are not estimated,
estimating the model with multiple regression betas, allow us to derive t-statistics for all the

individual factors, in order to evaluate whether they are priced.

Il. Asset pricing tests

A. Data

The testing assets used in the tests and evaluations of the asset pricing models are the
Fama-French (1993) 25 portfolios sorted on size and book-to-market (SBV25), and

Fama-French (1997) 38 industry sorted portfolios (IND38), all obtained from Prof. Kenneth
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French’s website. Due to missing observations, the returns associated with five industries -
Sanitary Services (GARBG), Public Administration (GOVT), Steam Supply (STEAM), Irrigation
Systems (WATER) and the residual class of industries (OTHER) - are excluded from the
sample, leading to a total of 33 industry portfolios. The 1 month Treasury bill rate used to
calculate excess returns, and data on the book-to-market ratios and returns of small value and
small growth portfolios, are also obtained from Prof. French’s website. Return data on the
value-weighted market index and 10 year Treasury bond are from CRSP, while monthly data
on prices and earnings associated with the Standard & Poor’'s (S&P) Composite Index are
obtained from Professor Robert Shiller's website. Macroeconomic and interest rate data,
including the Federal funds rate, 10 year and 1 year Treasury bond yields, 3 month Treasury
bill rate, and the consumer price index are all obtained from the FRED Il database, available
from the St. Louis FED’s website.

B. Estimating the news components of stock and bond excess returns: a VAR approach

Following Campbell (1991) and CA, | rely on a first-order VAR to estimate the news
components for both unexpected stock and bond returns - r&%, ri;, r8, and r%,. The VAR?
equation assumed to govern the behavior of a state vector X;, which includes the excess
stock market return, excess bond return and other variables known in time t - that help to
forecast changes in expected stock and bond returns - is given by

Xu1 = AXi+€w1 (27)
| Follow Campbell (1991) and CA in estimating the revisions in expected excess bond

returns and real interest rates,

R = (Ew1 — Ey) Z:il pjrr’t.;_lﬂ' = e3’pA(| — pA)ley = N'€w1 (28)
By = (B —E) D plTopas — Mete) = —(Evt — EQ(Phr — Fier) = IE
= t+1 t i1 P\ I'bt+14j ft+14j t+1 t)Ubta1 ft+l t+1

=—(e2+mn) €m (29)

Here p is a discount coefficient linked to the average log consumption to wealth ratio p
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= 1-—exp(E(ct —wy)), or average dividend yield, e2 and e3 are indicator vectors that take a
value of one in the cell corresponding to the position in the VAR of the excess bond return and
real interest rate, respectively, A is the VAR coefficient matrix, and n' = e3'pA(l — pA)! is the
function that relates the VAR shocks with real interest rate news. The estimate of r}; differs
from Campbell (1991) and CA in that the term (Eyi — Eo)rrya is not included, whereas rg,
represents an infinite sum. The existence of a infinite sum in both (28) and (29), relies on the
assumption that the representative investor has a very long term horizon, and rolls-over the
long maturity bonds on his portfolio. One can think of this assumption in relation to some
pension funds which need to have some minimal proportion of bonds in their portfolios, in
order to satisfy their payout obligations. In addition, equation (29) is an approximation rather
than a exact relation, and includes the parameter p contrary to Campbell and Ammer (1993).
The difference in my results arises from using a coupon bond as opposed to zero-coupon
bonds as in their paper, and from ignoring the inflation component of bond excess returns.
This decomposition threats the news in bond excess returns as the residual component of
unexpected bond returns, which has the advantage of avoid giving too much weight to interest
rate news.

The equity premia news and cash flow news, are estimated in a similar way to Campbell

(1991) and CA,
rfh = Ber —E) D" p (s — i) = €1 pAU -~ pA) Tens = 9l (30)
iy =ri—rgy = (€2+n+9) e (31)
réh = (BEwa — Ey) Z:o PAdu1sj = (Bur — E)(Fmit — Frwn) + MRy + 1By + 184
=el+o+n e (32
where e1 is the indicator vector that assigns a value of one in the cell corresponding to the

position of the excess stock market return in the VAR, and ¢’ = e1'pA(l — pA)~! is the function

that relates the VAR shocks with revisions in expected future excess stock returns. Treating
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cash-flow news as the residual component of unexpected stock returns has the advantage
that one does not have to model directly the dynamics of dividends. Both stock and bond
return decompositions are dynamic accounting identities that arise from the definition of stock
and bond returns, and thus are not behavioral models for asset returns. In order to be
consistent, with previous work (CV), | assume p = 0.95%, which corresponds to an average
consumption to wealth ratio of approximately 5% per year.

The  state-vector associated with  the first-order VAR is given by
X = [rn, FFPREM,, TERM,, VS, EYy, rot, Fr]', Which follows the representations used in CA and
CV. The 1 month real Treasury bill rate, r,; is an indicator of short-term interest rates and it is
used to estimate the real interest rate news component. FFPREM represents the spread
between the Federal Funds rate and the 3 month Treasury bill rate, and thus it is a measure
of both monetary policy actions and short-term interest rates. Its inclusion in the VAR is
justified by previous evidence that both monetary policy (Jensen, Mercer and Johnson (1996),
Patelis (1997), Bernanke and Kuttner (2005)) and short-term interest rates (Campbell (1991),
Hodrick (1992), Ang and Bekaert (2003)) do forecast future expected equity market returns, at
least for short term forecasting horizons. In an alternative specification using the relative bill
rate (RREL) - employed by Campbell (1991) and Hodrick (1992) - instead of FFPREM, the
respective coefficient estimate in the equation for the market return was non significant
(t-statistic of -1.384). TERM represents the term structure spread - measured as the
difference between the 10 and 1 year Treasury bond yields - which represents a proxy for the
yield curve slope, and has been widely used in the predictability of returns literature, since
Fama and French (1989) have found that TERM tracks the business cycle. EY denotes the
log earnings yield (calculated as the log of the earnings to price ratio associated with the S&P
Composite index), used instead of the market dividend yield (Fama and French (1988)), in
light of recent evidence that the forecasting power of the dividend yield has decreased since

the 90’s, which might be related to a possible structural break in firms’ dividend policies,
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causing more firms to paying less dividends (Fama and French (2001)). The value spread,
VS, defined as the difference between the log book-to-market ratios of small value and small
growth stocks, is used in the VAR system employed by CV, which argue that this spread
being related with the value premium - an anomaly not priced by the CAPM - should help to
predict market returns, if the ICAPM is true. In a dynamic context, if growth (value) stocks
have lower (higher) expected returns than predicted by the CAPM, then it must be the case
that the returns of growth (value) stocks forecast lower (higher) expected market returns, or
shifts in the investment opportunity set. Thus, a decrease in the book-to-market ratio of growth
stocks (equivalent to an increase in the current returns of growth stocks) forecasts lower stock
market returns, or equivalently, a increase in the value spread forecasts lower stock market
returns. Finally, the sample used in estimating the VAR is 1954.07-2003.12.

Descriptive statistics for the VAR state variables are presented in table I. The first-order
autocorrelation coefficients show that TERM, VS and especially EY are very persistent
variables, whereas, to a lower degree both FFPREM and the real interest rate exhibit some
short term momentum. Furthermore, the VAR state variables are not significantly correlated,
with the most relevant correlation occurring between VS and EY (-0.614).

The VAR coefficient estimates and associated Newey-West (1987) t-statistics (calculated
with 5 lags) are presented at Table I, Panel A. The bottom row of Panel A shows that
FFPREM, EY and r, have short-term forecasting power over the stock market return:
FFPREM predicts negative market excess returns 1 month ahead, consistent with previous
evidence (Patelis (1997), Bernanke and Kuttner (2005)), and both EY and r, predict positive
market returns, also consistent with previous evidence (CV, Maio (2005b)). FFPREM and EY
are statistically significant at the 1% level, whereas ry is significant at the 5% level, which is
remarkable in the case of EY, given previous evidence that the forecasting power of financial
ratios is greater for long-horizon returns (beyond 1 year) (Fama and French (1988, 1989),

Hodrick (1992)). On the other hand VS forecasts positive stock returns, but the effect is not
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statistically significant. In the equation for bond returns, both r, and TERM predict positive
bond returns, in line with previous evidence (CA), whereas VS and EY have also positive
predictive power over bond returns. In addition, stock returns strongly forecast negative bond
returns. The adjusted R? for the stock and bond forecasting regressions are 3.8% and 4.3%,
respectively, in line with the values for monthly predictive regressions existent in the literature.
Regarding the other equations in the VAR, r, is close to an AR(1) process, but it is also
negatively forecasted by both FFPREM and ry,, and positively forecasted by VS; FFPREM is
mainly explained by its lagged value, but both TERM and r, also have negative forecasting
power on it, and r, positively forecasts FFPREM. TERM and VS are close to AR(1)
processes, although EY helps to predict (negatively) VS, and r, positively forecasts TERM. In
the equation for EY, the lagged values for EY and FFPREM forecast a rise in EY, whereas
lagged VS, TERM and r, are negatively correlated with EY. In addition, both bond and stock
market returns forecast negatively EY, which in the latter case might be related to mean
reversion observed in stock prices.

The results for the estimated "news" components associated with bond and stock excess
returns are presented in Table Il, Panels B and C respectively, which are similar to the Table
3 presented in CV. News about bond excess returns contribute the most for the variance of
unexpected bond returns (0.915), whereas news about future real interest rates have a small
contribution to the overall bond variance (0.094). These results confirm previous evidence
(CA, Cochrane and Piazzesi (2005)), that the "Expectation theory" of the term structure -
which states that bond risk premia should be constant trough time - is not validated by the
data.

In respect to the stock return decomposition, equity premia news have the largest weight on
the total stock market return variance (0.803), compared to the variance of cash-flow news
(0.341), a result that goes in line with previous evidence (Campbell (1991), CA, CV) which

emphasizes the fact that excess return news is the main determinant of unexpected equity
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market return’s volatility. In addition, cash flow news is almost uncorrelated with equity premia
news, with their covariance having a very small weight on the overall market variance. On the
other hand, the covariance between bond premia and equity premia news represents -0.397
of the stock variance. News about future real interest rates have a negligible contribution,
representing less than 3% of the stock market variance, also in line with previous evidence
(CA), whereas the variance of bond premia news represent more than 20% of the market
variance, hence, expectations of future bond premia represent an important component of
innovations in current stock returns.

By analyzing the correlations of shocks in the individual VAR state variables with both rg;
and rg,, the most relevant results are that innovations in the real interest rate are strongly
positively correlated with rf,;, which is a signal that real short-term interest rates exhibit some
persistency. On the other hand, shocks on excess bond returns are strongly negatively
correlated with r2,, indicating that bond prices exhibit long term mean reversion, i.e., high
bond returns today are followed by lower expected bond returns in the future, a confirmation
of the dynamic identity stated in (2) and (3).

From the correlations between individual shocks and both r¥; and r&f, we can verify that
the innovations on VS are weakly negatively correlated with equity premia news, in line with
the results obtained in CV. Innovations on EY are strongly positively correlated with r¥,,
confirming that EY forecasts positive stock market returns - in part due to the mean reversion
in stock prices - whereas innovations in bond returns are weakly positively correlated with r¥;,
confirming the previous result that bond returns help to predict positive stock market returns.
Finally, innovations in stock market returns are strongly negatively correlated with equity
premia news, reflecting the existence of long term mean reversion in stock prices, in line with
the results produced in CV, and confirming the dynamic identity in (1). Shocks in current
market returns are also positively correlated with cash flow news, indicating that the rise in

current stock prices, are at least partially, justified by an improvement in future cash-flows or
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earnings.

C. Estimating factor betas

In table Ill, | present single regression betas for the news components associated with stock
and bond returns, for the case of the 25 size/book-to-market portfolios. The cash-flow betas
are positive, while the betas associated with both equity premia and bond premia news are
negative. Thus, an increase in future aggregate cash-flows and a decrease in both future
excess stock market and bond returns lead to higher individual stock returns today, as
expected. Comparing the two betas related with discount rate news, equity premia news have
higher (magnitude) betas than bond premia news, i.e., the individual assets are more sensible
to rises in future excess stock-bond returns than rises in future bond premia. The average
betas across the 25 portfolios for the cash flow, equity premia and bond premia factors are
1.062, -0.763 and -0.275 respectively.

In Panels B and C, | present the average betas across book-to-market (BM) and size
quintiles. The average betas within the book-to-market quintiles indicate that growth stocks
have slightly higher cash-flow betas than value stocks (1.222 for BV1 versus 1.055 for BV5,
representing a difference of 0.168), and there is a monotonic relation between book-to-market
and cash flow betas. On the other hand, growth stocks have higher (absolute) equity premia
news betas, relative to value stocks (-1.008 for BV1 versus -0.678 for BV5), with the relation
between betas and book-to-market being close to monotonic. The findings for cash-flow
contradict the results in CV, which have found in their modern sub-sample that value stocks
have higher cash flow betas relative to growth stocks, although the relation between
book-to-market and equity premia betas confirm their results that growth stocks have higher
(magnitude) discount rate betas than value stocks. The difference in results to CV regarding
the cash flow betas might be related to the longer sample employed in their VAR. The bond
premia betas for growth stocks have slightly higher magnitudes relative to value stocks

(-0.291 for BV1 versus -0.238 for BV5), but the relation between betas and book-to-market is
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not monotonic in this case. An important finding in these results, is that there is much more
dispersion across the quintiles, for the equity premia betas than the bond news betas
(absolute difference between BV1 and BV5 of 0.330 for equity premia beta versus 0.052 for
the bond premia beta), thus the betas associated with bond news are much more stable
across portfolios. This result shows that the risk premium (beta times risk price) associated
with news in future bond excess returns is approximately the same across the individual
stocks, while the risk premium associated with news in future equity premia presents sharp
differences within the cross-section. This goes in line with the proposition that the type of risks
measured by bond premia news - changes in discount rates used to discount certain
cash-flows in the future - should be similar across individual stocks. The fact that growth
stocks have marginally higher bond betas than value stocks has to due with their higher
duration risk, i.e., since they discount more distant cash flows into the future, they are more
sensible to rises in future long term interest rates. On the other hand, the risky component of
future cash flows represents a larger share of the total cash flows for growth stocks in
comparison with value stocks - which have more stable cash flows - and hence growth stocks
should be more sensible to changes in discount rates (equity premia) used to discount those
risky cash flows, in comparison to value stocks.

The average betas associated with size quintiles, indicate that small stocks have slightly
higher cash-flow betas than large stocks (1.058 for S1 versus 0.993 for S5). In what concerns
the equity premia beta, small stocks have higher absolute betas than big caps (-0.892 for S1
versus -0.601 for S5), while the opposite relation holds for bond premia news betas (-0.158 for
S1 versus -0.321 for S5). Therefore, and contrary to the case of growth relative to value
stocks - where growth stocks were riskier than value stocks, in terms of cash flow, equity
premia and bond premia betas - small caps are not unambiguously riskier than big caps, since
small stocks have lower (absolute) bond premia betas. The absolute difference between S1

and S5 for bond premia beta is 0.163, but still significantly lower than the dispersion for equity
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premia beta (0.291), and thus the bond premia betas are relatively more stable than equity
premia betas, across the size quintiles.

The single regression betas associated with the industry portfolios, presented in Table IV
show that there is also wide dispersion in betas across industries. In general, the betas of
equity premia news have higher magnitudes than the betas for bond premia news, with the
exception of Telephone and Telegraph communication (PHONE), Tobacco products
(SMOKE), Electric, Gas and Water supply (UTILS) and Finance, Insurance and Real estate
(MONEY) industries. The average betas across the industry portfolios for the cash flow, equity
premia and bond premia factors are 1.049, -0.728 and -0.296, respectively, which represent
similar values relative to the average betas across the book-to-market portfolios.

ELCTR (UTILS) have the highest (lowest) cash flow beta (1.401 versus 0.617), whereas
Services (SRVC) have the highest (magnitude) equity premia beta (-1.001) compared to
-0.218 for UTILS on the other extreme. In terms of bond premia betas, and excluding 3
outliers which have positive betas, MONEY has the largest (magnitude) beta (-0.601)
compared to -0.107 for Petroleum and Coal products (PTRLM), and this spread is lower than
the dispersion for the equity premia beta. Therefore, the bond premia betas are more stable
across industries than the equity premia beta.

D. Estimating the factor risk premia

The natural econometric framework to estimate and test the asset pricing models presented
in the previous section, is the two stage GMM procedure, which uses as weighting matrixes,
the identity matrix in the first stage and the inverse of the spectral density matrix, S in the
second stage. The N sample moments correspond to the pricing errors for each of the N test

assets at hand,
T o2
gr(b*) = % thl(ri,m —lig1) + — —YOOicF + @Ok + Oig = 0
i=1,...,N (33)

where the covariances and variances were previously estimated, and b* = y represent the
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parameter to be estimated. This GMM system - which will be denoted by GMM 1 - does not
account for the measurement error in the variances of returns and covariances between
returns and factors. To address this issue, an additional GMM system is used - denoted by
GMM 1l -
gr(b”) =
T Z;{(rml = Frga) + 5 (g = pi)? = yo(Figs — pi)rEE + o(Fips — u)rfy + (Fga — pi)rgsy = 0
i=1...,N (34

where u; = E(rin1), represents the average return for asset i.* Both systems (33) and (34)
produce the same point estimates for b*, although the respective standard errors in system
(34) are corrected from the measurement error in covariances, which is not accounted for in
system (33).

The standard errors for the parameter estimates and moments are presented in the
Appendix, and the asymptotic test that the pricing errors are jointly zero, with a = gT(B*), is
given by

a'var(@) ta~y’(N-1)  (35)

with N — 1 denoting the number of overidentifying conditions.

Following Cochrane (1996, 2001), and given the fact that var(a) is singular in most of the
cases, | perform a eigenvalue decomposition of the moments’ variance-covariance matrix,
var(6)= QAQ', where Q is a matrix containing the eigenvectors of var(&) on its columns, and A
is a diagonal matrix of eigenvalues, and then only the non-zero eigenvalues of A are inverted,
producing a generalized inverse of var(a,).

In Table V (Panel A), | present the estimation and evaluation results for the ICAPM model
of equations (22) and (23) above, estimated with first stage GMM, and for three alternative
values for o (w = 0.7,0.6,0.5).

Following Lo and Mackinlay (1990), who argue against testing asset-pricing models by

using returns on portfolios sorted on some characteristic associated with returns themselves, |
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use the combination of size/book-to-market and industry portfolios (SBV25+IND38) as an
additional group of test assets. | also present the risk prices for multiple regression betas in
addition to single regression betas.

In terms of single regression betas, the estimates for both Ak and Ag are the same across
the two classes of portfolios, since they are constrained a priori by the model. Ak have higher
magnitudes than Ag as a result of the higher variance of equity premia news relative to bond
premia news. Ace is much higher than the negative of A¢ across the two classes of test
assets, confirming that cash-flow news has a higher risk price than equity premia news. In
terms of average risk premium (average beta times risk price), cash flow news have a higher
risk premium than the equity premia factor (0.647 versus 0.078 for SBV25 and 0.570 versus
0.076 for SBV25+IND38), and this factor in turn has a higher average premium than the bond
premia factor (0.011 and 0.012 for SBV25 and SBV25+IND38, respectively). Thus, as
predicting by the model, cash flow news (bad beta) have a higher risk price (premium) than
(minus) equity premium news (good beta), and the equity premia factor has a higher risk price
(premium) than bond premia news (excellent beta).

The risk aversion parameter y is clearly greater than 1 - indicating that the average "real"
investor is risk averse - and assumes higher values for SBV25 than for SBV25+IND38 (13.961
versus 12.387). In terms of statistical significance, y is highly significant for SBV25 and the
combined portfolios - at 1% and 5% levels with GMM | and GMM Il standard errors,
respectively. The ICAPM model is not rejected by the asymptotic ¢? test, for both classes of
test assets.

The average pricing error (root mean square error) given by

RMSE = |1 Zi“:l&% (36)

is higher for SBV25 than for the combined portfolios (0.272 versus 0.237), due to the high

volatility in the returns of the size/book-to-market portfolios relative to the industry portfolios.
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Following Lettau and Ludvigson (2001), the cross-sectional R? is computed as,

N
> i
i=1
N
>
i=1

2 . . .
where Ti = E(rit1 — M) + “7 This goodness of fit measure assumes reasonable high

R2=1- (37)

values - 0.881 for SBV25 and 0.887 for SBV25+IND38.

By looking at the risk prices associated with multiple regression betas, Ag is strongly
significant in both classes of portfolios (1% level), whereas Ak is not significant in the test with
SBV25 portfolios.

The estimation results for alternative weights of the stock index in the market portfolio are
reported in Panels B (w = 0.6) and C (o = 0.5). Given the lower value of w, the risk price of
equity premia news decreases in magnitude relative to Panel A (-0.088 and -0.073 versus
-0.103). Nevertheless, the equity premia factor still has higher (magnitude) risk prices than the
bond premia factor, given the higher variance of equity premia news relative to bond premia
news. The estimates of y increase relative to Panel A - 16.573 and 20.228 for o = 0.6 and
o = 0.5 respectively, in the case of SBV25 - and in consequence the estimates of Acr are now
higher, for both classes of portfolios. The risk price of the bond premia factor continues to be
significant in terms of multiple regression betas, whereas Ak is not priced. Overall, the
average pricing errors are sensibly the same than for the benchmark case with ® = 0.7.

The estimation results associated with second stage GMM - where the weighting matrix is
the inverse of the spectral density matrix S - are presented in Table VI. The estimates of y
have slightly lower values relative to the first stage estimates, and hence the cash flow risk
price is lower than in Panel A. Nevertheless, the statistical significance improves relative to
Panel A, with y and the risk prices of cash flow and bond premia factors being significant at
the 1% level. In addition, Ak is significant at the 10% (SBV25) and 5% (SBV25+IND38) levels,
in the case with @ = 0.6.

E. Alternative portfolios
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| perform the estimation of model (22) for alternative sets of portfolios sorted on individual
characteristics - 10 portfolios sorted on the earnings to price ratio (E/P); 10 portfolios sorted
on the cash flow to price ratio (CF/P) and 10 portfolios sorted on the dividend to price ratio
(D/P) - from Fama and French (1996).

The factor loading estimates presented in Table VII, show that cash flow betas are positive
and both equity and bond premia betas are negative, similarly to the SBV25 and IND38
portfolios. Furthermore, both cash flow and bond premia betas are almost flat across the
extreme deciles, for both E/P and CF/P portfolios. On the other hand, the equity premia betas
are significantly higher (in magnitude) for the lowest decile in comparison with the highest
decile portfolio (absolute differences of 0.283 and 0.253 for E/P and CF/P, respectively). In
respect to the D/P portfolios, the portfolio containing stocks with the lowest dividend yield has
higher cash flow betas than stocks with the highest dividend yield (difference of 0.532). In
addition, the lowest decile portfolio has lower absolute bond premia betas than the largest
decile, although the difference is not as significant as for the equity premia betas (0.168
versus 0.643). Overall, these results confirm that the equity premia betas have much higher
dispersion across assets, than bond premia betas.

The risk price estimates (from efficient GMM) for the alternative portfolios - reported in
Table VIII - show that the estimates for both y and Ace increase relative to the estimates
associated with the SBV25 and industry portfolios, reported in Table VI. In terms of statistical
significance, both the RRA parameter and the beta risk prices are significant in most cases,
the exception being the equity premia risk price, which is significant only at the 10% level, for
the CF/P and D/P portfolios. On the other hand, the cross sectional R? indicate higher values
in comparison with both SBV25 and SBV25+IND38 in Table VI, thus confirming that the
ICAPM with bond premia has a greater explanatory power over the returns of the
characteristic-sorted portfolios, and in particular for the D/P portfolios (R? of 0.922).

The results for the combined portfolios (SBV25 plus the 30 characteristic portfolios) show
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that the R? is higher relative to all SBV25, SBV25+IND38 and E/P, but lower than for CF/P and
D/P. In addition, all the beta risk prices are strongly significant. In the case of the 55
characteristic portfolios, the average risk premium associated with the cash flow, equity
premia and bond premia factors are 0.624, 0.071 and 0.013 respectively, similar to the values
obtained for the SBV25 portfolios.

F. Alternative bond returns

The model (22) is also tested by using alternative proxies for the bond return in addition to
the 10 year Treasury bond. The additional bond returns are the Moody’s seasoned AAA and
BAA corporate bond returns and the return on an equally weighted portfolio containing the 3,
5 and 10 year Treasury bonds. Following Campbell, Lo and Mackinlay (1997) and Campbell,
Chan and Viceira (2003), the log bond returns are calculated from the respective yields to
maturity, using the following log linear approximation,

ot = Dogyne — (Dot — LYo (38)
with the duration of a n maturity bond being approximated as

Du~ Tiair  (39)

1-(1+Y )t

where ynu1 = In(1 + Yrn) denotes the log bond yield®. In the case of corporate bonds (AAA
and BAA), n is set to 20 (years), and in the case of the Treasury bonds, n is set to 3, 5 and 10
years.

The estimation results for these alternative returns are presented in Table IX. We can see
that the estimates for the RRA parameter and cash flow risk price are very similar across the
three types of bond returns. In comparison with Table VI, Panel A, the estimates for y and Ace
are only slighter higher for the alternative returns, whereas the R? achieves similar values
relative to the benchmark bond return.

In sum, the results for the three alternative bond returns are sensibly the same to those
obtained previously with the 10 year Treasury bond.

G. Time-varying covariances
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A conditional representation of model (22) can be presented as
Ee(rie) — e + 67'2 = yooicr — WOikt — Oigt  (40)

where oik: = Cov(riwa, k) and oig: = Covi(risg, r2,) represent the conditional covariances
with equity premia and bond premia news, respectively, whereas the variance of individual
returns and the covariance with cash flow news, are assumed to be conditionally
homoskedastic.®

In order to obtain an analytic expression for the time-varying covariances, | assume that the
product of individual returns with a factor f.1, is governed by the following AR(1) process,

Fitafes = i + DricfoXe + Ui (41)

where Ui represents an error term with Ei(uiw1) = 0, and x; denotes a state variable

known in period t. Given (41), the conditional covariances in (40) are equal to
Cixt = Fighf + bgrierfxy
cipt = Mr® + berurfxe  (42)
Substituting (42) in (40) originates the following conditional model
Ee(rig) — Mg + "7 = yOOicF — Ol — ObrilfXe — rur? —berartxe  (43)
By applying the law of iterated expectations and noting that
E(rurix,) = Cov(ri, rixy) » Cov(risi,r$,x),j = K,B
we have the following approximated unconditional model
E(riga — Mee) + 67'2 X YOOicF — WOix — Oip — WDkoikx — beoipx  (44)

where cixx = Cov(riw, rix:) and oigx = Cov(riy1,r2;x;) represent the covariances with the
scaled factors that measure time variation in the covariances with equity and bond premia
news. By imposing bx = bg = 0, one obtains model (22) as a special case of (44).

The results for the augmented ICAPM with time-varying covariances are displayed in Table
X. The scaling variables that determine the covariances, are the market dividend yield (DY),
the smoothed log earnings yield (EY*) and the default spread (DEF)’. These variables have

been used in the literature as forecasters of future market returns (Keim and Stambaugh
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(1986), Fama and French (1988, 1989), Hodrick (1992), CV, among others). Panels A and D
present the results for DY, Panels B and E display the results for EY*, and Panels C and F for
DEF. In the models with DY and EY*, the estimates for both bx and bg are positive, indicating
that the scaling variables DY and EY* forecast positive covariances of individual returns with
both equity and bond premia news. While bg is in general non significant, bk is statistically
significant for both DY and EY* models and for the SBV25 portfolios (both first and second
stage estimation) and SBV25+IND38 (only with efficient GMM estimates). In the specification
scaled by DEF, the estimates for both bx and bg are negative, hence DEF forecasts negative
covariances between individual returns and both equity and bond premia news. In the model
scaled by EY* and DEF, the estimates of the RRA parameter and cash flow risk price
produced by SBV25 are significantly higher than the corresponding estimates in Tables V and
VI, Panel A.

Overall, the average pricing errors compare favorably with the benchmark model of Tables
V and VI, in special for the SBV25 portfolios - in the DY model, RMSE (R?) achieve values of

0.223 (0.913) compared with 0.272 (0.881) in Table V.

lll. A heteroskedastic ICAPM with bond risk premia

A. An ICAPM with revisions in the variances of returns

The ICAPM models of equations (22) and (23) are derived under the assumption that log
consumption growth and log market returns are jointly homoskedastic, an assumption that
allows to substitute log consumption growth from the log SDF, as shown in the Appendix. |
show in the Appendix G.1 that with jointly heteroskedastic log consumption growth and market

returns, the pricing equation (22) becomes,
E(ri,m - rml) + GTiZ = YWOicF —WOjKk —OjB + 0.502(a)2m,\/m + (1 - a))zcri,\/b) (45)

where  Givm = CoV(rius, V™), Givw = Cov(Fig,VEy). VM = (Eui — EY) ZH pir2.,; and
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VP, = (Eni— Ey) Zil pré..a,; represent proxies for revisions in future stock and bond return

volatilities, respectively. This model says that upward revisions in the variance of future stock

1-y

and bond returns, earn a positive risk price, which increases with 6 = - In addition, the risk

price associated with oivm should be higher than the risk price for oivs, with @ > 0.5.

The estimation results of model (45) are reported in Table Xl, Panels A and B. The
parameter estimated in the cross section, Ay = 0.50?, and the risk prices associated with the
stock and bond volatility news factors (Aym = @?Ay, Avs = (1 - ®)?Ay), are not robust in sign,
presenting either positive and negative estimates. Furthermore, the estimates of those
parameters are not significant, being only marginally significant (10%) for SBV25+IND38 and
the 55 characteristic portfolios, with efficient GMM.

Panels C and D present the results for the reduced model

E(Fig1 — o) + 5 = y00icr — 00k — 0ig + 0.5020%ivm  (46)

which assumes that the variance of bond returns is homoskedastic, and hence only
revisions in the variance of stock market returns are priced. Again, the results are not robust,
with Ay being positive and significant in the case of SBV25 and first stage GMM, and negative
and significant for the combined portfolios in the second stage estimation. We can also see
that the RMSE and R? are almost the same as in the benchmark model presented in Tables
V, VI and VIIl, so the model with news in variances does not add significant additional
explanatory power for the cross section. These results seem to suggest that changes in
volatility are less persistent than changes in expected returns, and thus have a minor pricing
power for the cross-section of returns, in the context of a dynamic model.

B. An unrestricted ICAPM with bond risk premia

Following Campbell (1993), | derive an alternative model in the presence of joint
heteroskedasticity for consumption and market returns, with the time-varying intercept of

consumption being linearly related with the expected returns on both stocks and bonds,
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Ei(ACt1) = ppr + wE(rpe)  (47)
Upt = Ho + P1OE(Fme1) + 92(1 — @)Ei(rpe1)  (48)

The assumption (48) is the same as the condition in Campbell (1993), up: = po + E«(rpti1),
with the difference that the expected returns on stocks and bonds have different impacts on
the time-varying intercept.® u,; reflects the influence of time-varying risk - variance of
consumption growth relative to the return on the market - on saving decisions (Campbell
(1993)).

In the Appendix | show that the ICAPM pricing equation in this framework is given by

E(rita — M) + 67'2 = bcroicr + broix +bsoisg  (49)

with the 3 parameters (bce, bk, bs) freely estimated by the GMM system, being related with
the original preference parameters in the following way,

ber = yo

b = o (1+-Z¢1) (50)
bs = -1 - —L(¢10 + $2(1 — w))

v-1

By making ¢: = ¢, = 0, one obtains the homoskedastic ICAPM (22) as a special case of the
unrestricted ICAPM (49). The inclusion of the additional terms —%a)qﬁl and —%(1—@)@
that appear on the covariance risk prices, relies on the fact that a 1% increase in equity and
bond premia news translates into a reduction in consumption (due to the effect of changing
risk on saving) of w¢: and w¢d: + (1 —w)p,, respectively, as shown by the following
decomposition for innovations in consumption, derived in the Appendix,

(Et1 —E)Ct1 = 0(Eva — E)rmea + (1 — @)(Eva — E)lops + 01—y — 91y
+H1-y -0 - (1-w)plri,  (51)
as a function of innovations on stock and bond returns, and future equity and bond premia

news. Given that the risk price of log consumption growth is given by £ = % it follows that

. . . . . . 1—
the covariance risk prices of equity and bond premia news are adjusted by the terms —W—]la)qﬁl
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and — % (10 + ¢2(1 - 0)).°

The estimation results for model (49) are presented in Table XII for both first stage (Panel
A) and second stage GMM (Panel B). The covariance risk prices for both equity and bond
premia news, (bk,bg), are both positive and statistically significant - especially in the case of
bg - for SBV25 and the 55 characteristic portfolios. The estimates of bg are higher in
magnitude compared to bk, given the lower variance of bond premia news. On the other hand,
the estimates of the RRA parameter - and hence the beta risk price of cash flow news - are
higher than in the benchmark ICAPM in Tables V, VI and VI, for the case of the characteristic
portfolios. The average risk premium in the case of SBV25 associated with the cash flow,
equity premia and bond premia factors are 2.502, -1.217 and -0.543, respectively, whereas for
the 55 portfolios, the same average risk premiums are 2.450, -1.251 and -0.503. The
heteroskedastic ICAPM is not rejected by the asymptotic x? test, and both the RMSE and
cross sectional R? indicate a higher explanatory power over the returns of SBV25, E/P, CF/P
and D/P portfolios, relative to the benchmark ICAPM.

The implied estimates of ¢, and ¢, are obtained from the following equalities,

bcr

Y= o
$1 = - (bx + ) (52)

becr—o

b2 = e (- +1)

ber-o

by imposing o = 0.7 and y = 0.9. Standard errors for both ¢; and ¢, can be obtained by
using the delta method.® The estimates of both ¢; and ¢, are negative and statistically
significant for the models estimated with SBV25 and SBV25+E/P+CF/P+D/P portfolios. In
addition, the estimates of ¢, are higher in magnitude than ¢, given the higher values of bg
relative to bx. This means that a rise of the same magnitude in equity and bond premia news
produces a bigger decline in expected consumption growth due to future bond excess returns,

as illustrated by equations (47) and (48).
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C. An ICAPM with revisions in the VAR state variables

A third possible specification for the heteroskedastic ICAPM, is to assume that the
time-varying intercept of consumption is a linear function of the expectation of the remaining
state VAR variables - which help to forecast future stock and bond returns -,

Hpt = po + PE(Yi1) (53)

where Y = r1, FFPREMy1, TERMua, VS, EYa. Following Campbell (1993) and Guo
(2002), the condition (53) can be verified if the variances of both asset returns and discount
rate news (and the covariance between the two) are linear functions of the expectation of
each state variable. Given (53), the following pricing equation is derived in the Appendix,

E(rig — riea) + 07'2 = yoOicF — 0Cik —OCig + YvOiy  (54)
where oiy = Cov(rina,rl,,) represents the covariance with revisions in the state variable,

., = (Ew1 — Ep) Z;O PYu1sj. The risk price of news in the state variable, yy = —%qﬁ represents

the second parameter to be estimated in the cross section.

Following the reasoning given in the previous subsection, a 1% increase in revisions on the
state variable yi; corresponds to a reduction in consumption (due to the effect of changing
risk on saving) of ¢, and given the risk price of consumption equal to % the risk price of aiy is
given by —Z¢.

The estimation results (from efficient GMM) for model (54) are presented in Table XlIl. The
parameter of interest yv is positive for the FFPREM and EY models, being negative for the
models with revisions on TERM, VS and r,. In terms of statistic significance, yy is in general
significant in the estimation with the SBV25+E/P+CF/P+D/P portfolios, whereas in the case of
SBV25, yy is significant in the models with revisions in TERM, VS and r,. In the case of
SBV25+IND38, yy is significant only in the ICAPM with news in the real interest rate. Given
these estimates for yy, the implied original coefficient ¢ is negative for both FFPREM and EY,

and positive for the ICAPM with TERM, VS and r,, and the statistic significance is similar to
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the corresponding estimates of yy.! Hence, a rise in the revisions associated with both
FFPREM and EY, and a decline in the news for TERM, VS and r,, lead to a decline in
expected consumption growth, as indicated by equation (53).

The average pricing errors in the case of both SBV25 and the 55 characteristic portfolios,
are lower than the corresponding values in Tables VI (Panel A) and VIII, and this is especially
relevant for the ICAPM with revisions in the real interest rate (RMSE of 0.196 versus 0.310 for
the benchmark ICAPM, in the case of SBV25). Similarly, the adjusted cross sectional R? are

slightly higher than in the benchmark ICAPM, in the case of the characteristic portfolios.

IV. Time-varying risk aversion

A. An ICAPM with cyclical risk aversion

Campbell and Cochrane (1999) present a theoretical model where risk aversion is
countercyclical, being negatively correlated with the surplus consumption ratio, which
represents the difference between current and past consumption. Time-varying risk aversion
can also prevent investors of timing the market (for example overweighting value stocks given
their higher expected return), thus allowing the general equilibrium interpretation of the asset
pricing model. Maio (2005a) explores this idea within the framework of Campbell (1993) and
CV, by imposing a time-varying relative risk aversion coefficient y; and derive an ICAPM
model containing a factor related with cyclical risk aversion. This model is exact if the elasticity
of intertemporal substitution (y) is close to 1. By using a number of different scaling variables
related with the business cycle, the estimation results for the ICAPM show that y; is strongly
countercyclical. The economic intuition is that in recessions or in times of sustained declining
stock prices (bear stock market) the investors’ risk tolerance should be low, and the converse
should happen in economic expansions or within a bull equity market. Hence, time-varying
risk aversion can be interpreted as a recession risk factor that causes marginal utility and

required returns to be high in recessions and low in economic expansions. Thus, risk aversion

33



is a deterministic function of a state variable z; linked to the business cycle or financial wealth,
yi=7vo+71Zt  (35)

By substituting equation (55) in the log SDF of equation (21) above, with y; in place of y, we
have

Mua = Ed(Mua) — yoord] — yiorgize+ orfy +15, (56)

Making f,, = (r&7, r&fiz, riés, re;)' and b = (—yow,—y10,0,1)' and using Theorem 1 in the

Appendix, one has the following ICAPM model with time-varying risk aversion,
E(rigs —Mu) + "TZ = Y0WOicF + Y100icF; — OCiK — OiB (57)

where oicr, = Cov(rina,rSizy) represents the covariance with the scaled factor. The
innovation in (57) relative to the "static" ICAPM in equation (22) is the presence of oicr;, the
covariance with the factor associated with time-varying risk-aversion.

One of the state variables used in Maio (2005a) to explain time-varying risk aversion is the
market dividend yield (DY), which is negatively correlated with the business cycle - being high
in recession and low in economic expansions. The specification in (57) becomes

E(rit — rewa) + 07'2 = Y0WOicF + Y100icroy — WOik — 0ig  (58)

where oicroy = Cov(riwg, réiDYy) represent the covariance with the scaled factor rg; DY that
measures time-varying risk aversion.

The estimation results for the asset pricing model (58) are given in Table XIV, with both first
stage (Panel A) and second stage estimation (Panel B). The results in Panel A show that y; is
positive and statistically significant for all the portfolios, and especially for both SBV25 and the
55 characteristic portfolios, thus confirming the results in Maio (2005a), that the market
dividend yield is positively correlated with risk aversion. The estimates of the constant
component of risk aversion, yo, and the beta risk price of cash flow news are slightly below the
corresponding estimates in Table V, but still significant. The average pricing errors are
significantly lower than in the benchmark ICAPM of Table V (0.161 versus 0.272 for SBV25),

whereas the cross sectional R? increases (0.956 versus 0.881 in the case of SBV25). These
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findings confirm the results in Maio (2005a), that by incorporating time variation in y that is
related with the dividend yield, the ICAPM performance improves substantially.

The results for efficient GMM in Panel B indicate lower estimates for y; compared to first
stage GMM estimates, although the estimates of both y, and y; even increase in terms of
statistical significance - y; is now significant at the 1% level, for the 3 classes of portfolios.
The average pricing error and adjusted R? also compare favorably with the corresponding
values for the benchmark ICAPM in Tables VI and VIII.

B. Risk aversion linked with bond premia

Apart from being influenced by lagged state variables, current risk aversion can be
correlated with the current period unknown returns. In fact, the risk aversion of the
representative investor, affects both his demand and valuation for stocks and bonds, thus
affecting expected and unexpected stock and bond returns and their implied news
components, including expectations about future excess bond returns r;. This relation might
be reinforced, as a consequence of the interaction between portfolio rebalances and risk
aversion: A decrease in risk aversion in the beginning of period t+ 1 - as a result of a positive
impact on either labor income or financial wealth, in period t - is associated with an investment
flow from bonds to all stocks in general, in investors’ portfolios, since stocks are riskier than
bonds. This leads to a decrease in the demand for bonds, leading to lower current bond prices
and returns. Given the mean reversion of bond returns stated in equation (2) above, lower
current bond returns are associated with higher future excess bond returns, originating a
negative correlation between current risk aversion and news on future bond premia.

Hence, | assume that the relative risk aversion coefficient is governed by,

ye=7vo+yirts (59

leading to the following model,

E(riwt — riea) + 67'2 = YoWOicF + Y10O0icFg — WCiK — OiB (60)

where oicrs = Cov(riy, rirg,) represents the covariance with the scaled factor, and we
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postulate y; to be negative.

The estimation results for the asset pricing model (60) are given in Table XV. In the first
stage GMM estimation, y; is negative and statistically significant for SBV25 and
SBV25+E/P+CF/P+D/P portfolios, whereas it is not significant for SBV25+IND38, given the
poor fitting of the model for the industry portfolios. The model is not rejected by the asymptotic
x?, and the average pricing error for the SBV25 portfolios is lower than for the benchmark
ICAPM (0.228 versus 0.272). The estimates of the constant element of RRA decrease relative
to the benchmark model, with y, presenting a slightly negative estimate in the estimation with
SBV25. The second stage estimation results (Panel B) show that y; declines in magnitude
relative to the first stage estimates, but nevertheless it is still highly significant, for SBV25 and
the 55 characteristic portfolios. In addition, the estimate associated with y, for SBV25 is now
positive. Furthermore, as in the case of the ICAPM scaled by DY, the average pricing error
and adjusted R? co with the corresponding values in Table VI and VIII, in respect to the
SBV25 and SBV25+E/P+CF/P+D/P portfolios.

Hence, at least for the SBV25 and 55 characteristic portfolios, a rise in bond risk premia
news is associated with lower risk aversion. With these results, bond premia news are not
only a better "beta" relative to news in future excess stock-bond returns - due to representing
a certain increase in reinvested future wealth - but it also has a second order effect associated
with declining risk aversion, which is a consequence of the interaction between risk aversion
and portfolio rebalance between stocks and bonds.

C. The unrestricted ICAPM with time-varying risk aversion

If we allow time-variation in RRA in the context of the unrestricted ICAPM (49), we obtain

the following unrestricted ICAPM with time-varying RRA,
E(rige — M) + 67' = bcroicr + berovoicroy + bkoik + beois (61)
E(rita — Frw1) + 5 = beroice + bersoicrs + bkoix + bsois (62)

where the two parameters (bce,bcr,) are related with the RRA parameters by the following
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equalities,

{ ber =700 by (63)
ber, = Y10

The results (from first stage GMM) for models (61) and (62) are displayed in Table XVI,
Panels A (DY) and B (bond premia news). In the case of the ICAPM scaled by DY, y; is
significantly positive in all sets of portfolios, similar to Table XIV, whereas the risk price of
bond premia news bg is significant in the case of SBV25 and the 55 characteristic portfolios.
In the ICAPM scaled by bond premia news, y; is negative and significant for SBV25 and the
characteristic portfolios with standard errors from GMM 1, although the standard errors from
GMM Il are large. In addition, bond premia news is priced in the presence of the scaled factor
réfire,. The average pricing errors for both ICAPM scaled by DY and bond premia, are lower
than in the corresponding "reduced" scaled ICAPM of Tables XIV and XV, and also lower than
in the unrestricted ICAPM of Table XII. In addition, the adjusted R? is higher in comparison
with the values in Tables XIV, XV and XII. In the second stage estimation (Panels C and D),

both y, and bg improve in terms of statistical significance relative to first stage estimation, for

both models - DY and rg;.

V. Discussion

A. Assessing individual pricing errors

The ICAPM models estimated in the previous two sections were not rejected using the
asymptotic x? test of joint nullity of the pricing errors. As emphasized before (Cochrane (1996,
2001), Hodrick and Zhang (2001)), inference using this test can be misleading due to the
singularity of var(a), and the inherent problems in inverting it. As a consequence | have opted
for a generalized inverse as described in Section Il. Nevertheless, it could be that the low test
values, are not so much the result of individual low pricing errors - what we want - but rather

the economic uninteresting result of low values for var(a) . To address this issue, it is helpful
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to pursue an analysis of the individual pricing errors.

In addition, | compare the ICAPM individual pricing errors with those associated with the
CAPM. Following Campbell (1993), | show in Appendix H that in the framework of Section |
and for the case of a investor with log utility (y = 1), a logarithmic version of the CAPM arises
as a special case of the ICAPM in equation (17),

E(Figa — Mu1) + 5 = 0Gin+ (L—0)oip  (64)

where oim = Cov(rita, (Evr — E)rmer) and  oip = Cov(ris, (Eva — Eorper) denote  the
covariances with stock market and bond returns, respectively. Equation (64) represents a
generalized CAPM for the case where the market portfolio is composed of both stocks and
bonds, and | will denote it as the 2 beta CAPM (CAPM2). The standard CAPM can be
recovered as a special case of (64) by imposing o = 1,

E(riga — reen) + 67'2 =oim  (69)

Often in the empirical implementation of the CAPM and multifactor models, the market risk
price is freely estimated in the cross-section, then the 2 beta CAPM in equation (64) becomes,
E(Fits — o) + 5 = bpaosim +bp(L - w)oi,  (66)

and the standard unrestricted CAPM is obtained by making o = 1,

E(riga — ree) + 67'2 =bpoim  (67)

Figure 1 presents a picture of the pricing errors for the SBV25 portfolios, associated with
the bad beta, good beta (BBGB) model in equation (18), the CAPM and 2 beta CAPM of
equations (64), (65), (66) and (67), and several ICAPM specifications. ICAPM | denotes the
homoskedastic benchmark ICAPM of equation (22); ICAPM Il and Ill denote the benchmark
ICAPM with time-varying covariances of equation (44), scaled by DY and EY*, respectively;
ICAPM 1V is the unrestricted ICAPM of equation (49); ICAPM V denotes the ICAPM with
revisions in the real interest rate of equation (54); ICAPM VI and VIl refer to the standard

ICAPM with time-varying RRA of equations (58) and (60), respectively; and finally, ICAPM Vi
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and IX refer to the unrestricted ICAPM with time-varying RRA presented in equations (61) and
(62).

The graphs in Panels A and B, show that all ICAPM models have lower pricing errors than
both (unrestricted) CAPM and 2 beta CAPM. The out performance of the several ICAPM
models is even more accentuated relative to the restricted CAPM and 2 beta CAPM, as
shown in Panels C and D. On the other hand, most of the ICAPM models with bond risk
premia have lower pricing errors than the BBGB model.

Furthermore, the CAPM individual errors have a robust pattern across size quintiles: within
each size quintile, the growth portfolio has large negative pricing errors and the value portfolio
has large positive errors. This has been referred as the value premium, and has been
originally documented for the CAPM (Fama and French (1992, 1993)). This pattern is strongly
attenuated, and in some cases non-existent for the several specifications of the ICAPM, which
in addition present significantly lower individual errors when compared with both versions of
the CAPM within each size quintile.

These findings also seem to suggest, that by augmenting the definition of market wealth -
by adding a long maturity bond an deriving a 2 beta CAPM - one does not improve the CAPM
pricing ability for the cross section of returns, confirming the results in Shanken (1987). Thus,
we need a dynamic model like the ICAPM, to price the SBV25 portfolios more accurately and
in particular growth and value stocks.

In Table XVII, Panel A, | complement this analysis by presenting the average pricing errors
(on a monthly and annual basis) and the cross sectional adjusted R? associated with the
BBGB model, the unrestricted CAPM and 2 beta CAPM, and the various ICAPM
specifications.

We can see that all ICAPM models, including BBGB, have lower RMSE and higher R? than
both CAPM models, whereas both CAPM and CAPM2 have similar RMSE. In addition,

whereas the benchmark homoskedastic ICAPM | does not improve relative to the BBGB
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model, all the other ICAPM specifications with bond premia, have both lower RMSE and
higher adjusted R? than the BBGB model.

| also present the goodness-of-fit measures associated with the Fama and French (1993) 3
factor model (FF3) that earned great acceptance and can be rationalized in an APT context
(Cochrane (2001)). Although the FF3 model has lower pricing errors, some of the ICAPM
models - ICAPM V, VI and VIII - have very approximate values for both RMSE and R? relative
to the FF3 model (the RMSE of ICAPM V and VIl are 0.146 and 0.152 respectively, compared
to 0.137 for FF3).

B. The Value Premium

As mentioned above, the value premium refers to the anomaly associated with the CAPM in
that growth (value) stocks have significantly lower (higher) pricing errors than predicted by the
model. In Table XVII Panel B, | analyze how the several ICAPM models derived in this paper
are able to price the book-to-market quintiles associated with the SBV25 portfolios. For each
model, | present the average pricing errors per quintile.

The results let us to conclude that the 2 beta CAPM does not improve the traditional CAPM
in pricing the book-to-market quintiles. For both models, the extreme quintiles (BV1 and BV5)
still have large negative and positive errors, respectively. The results for the BBGB model and
the homoskedastic ICAPM with bond risk premia (ICAPM I) show some improvement in the
pricing ability of the extreme book-to-market quintiles, although growth stocks (BV1) still have
an annualized pricing error of -4.69%, which is economically large. On the other hand, the
ICAPM with covariances scaled by the dividend yield and smoothed earnings yield (ICAPM Il
and Ill) have low pricing errors across all the quintiles. The unrestricted ICAPM (ICAPM V)
and especially the ICAPM with revisions in the real interest rate (ICAPM V), are also able to
price the value premium. The ICAPM with risk aversion scaled by the dividend yield (ICAPM
VI and VIII) and bond premia news (ICAPM VII and IX), also present a large reduction in the

pricing errors associated with all book-to-market quintiles, and especially for the extreme
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quintiles, in comparison with the CAPM and BBGB models.

All the models ICAPM II-1X have economically low pricing errors for all quintiles and in
particular for both growth and value stocks, and this is especially relevant in the case of
ICAPM V, VI and VIII. The annual average pricing errors for BV1 are -0.82%, -1.22% and
-1.00% for ICAPM V, VI and VIII respectively, compared to -5.12% for the CAPM. In the case
of BV5, the annual average pricing errors are -0.45%, 0.43% and -0.33% for ICAPM V, VI and
VIII, respectively, in comparison with 3.41% for the CAPM. The pricing errors associated with
those 3 models are approximately as low as those arising from the Fama and French (1993)
model.

Overall, these results show that several alternative specifications for the ICAPM with bond
premia - the homoskedastic ICAPM with time-varying RRA (as in Maio (2005a)), a
heteroskedastic ICAPM with revisions in the real interest rate, and a heteroskedastic ICAPM
with and without time-varying RRA - can price the value premium. This provides a
fundamental alternative explanation relative to the less theoretical based FF3 model, which
uses the HML factor (return on value stocks minus the return on growth stocks) in order to
explain the CAPM negative (positive) pricing errors for growth (value) stocks.

C. Addressing momentum

Momentum or short term positive autocorrelation in stock prices (Jegadeesh and Titman
(1993)) represents one of the biggest challenges for existing asset pricing models, and is not
explained by the FF3 model (Fama and French (1996)).

A possible test to be made is to analyze whether the momentum factor UMD (returns on
past winners minus the returns on past losers) (Carhart (1997)) is still significant after
accounting for the factors present in the ICAPM. | extend the ICAPM specifications of
equations (49), (61) and (62) by adding UMD, leading to

2
E(rigs — M) + 67' = bcroicr + bkoik +beois + bumpoiump (68)

2
E(fita — i) + 5 = beroicr + berovoicroy + bkoik + beois + bumooiuvo  (69)
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E(rita — rewa) + 67'2 = bcroicr + bersoicrs + bkoik + beoig + buvpoiuvo  (70)

with oiump = Cov(rig1, UMDy).

The results reported in Table XVIII, show that bymp is not robust in terms of sign and
statistical significance for all three specifications above. In the case of SBV25, buywmp is
statistically significant in the first stage GMM estimation, although not significant with efficient
GMM, whereas for SBV25+IND38, it is strongly insignificant. In the case of
SBV25+E/P+CF/P+D/P portfolios, buwpo is significant for models (68) and (70), but not
significant in the case of model (69).

Hence, these results suggest that the momentum observed in stock returns, might be at
least partially explained by an ICAPM model with either bond risk premia or time-varying risk

aversion.

VI. Conclusion

In this paper, using an identical framework to Campbell (1993) and Campbell and
Vuolteenaho (2004), | derive an ICAPM model which expands the definition of market wealth
by incorporating bonds and in addition decomposes news on future excess stock returns into
news on future excess stock-bond returns and bond premia news. The ICAPM model has
three factors: Cash flow news, excess stock-bond return (or equity premia) news and excess
bond return news. A rise in both equity and bond premia news components is associated with
an improvement in investment opportunities, since current wealth will be reinvested at higher
returns, but while future bond returns are known a priori since they are used to discount
certain cash-flows, future stock returns are uncertain given that they are used to discount
uncertain future cash-flows. Using the "bad beta good beta" terminology from CV, we can
speak of a bad beta, a good beta and an "excellent” beta, which is the covariance with bond
premia news. Thus, apart from the fact that the risk price and risk premium of cash flow news

should be higher relative to both equity premia and bond premia news, news on future equity
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premia should have a higher risk price (premium) than news on future excess bond returns,
due to the uncertainty involved in reinvested wealth. | calculated betas associated with the two
components of excess stock return news, and find that bond premia news have relatively
stable betas across the book-to-market quintiles, as expected since the type of risk involved
has to due with changes in long-term interest rates used to discount certain future cash flows,
which have no cash-flow risk involved. On the other hand, in the case of the equity premia
factor, growth stocks have significantly higher (magnitude) betas than value stocks. The test
of the asset pricing model show that the risk price for equity premia news is higher relative to
the risk price associated with bond premia news, and in addition, the model slightly improves
the pricing ability of the size/book-to-market portfolios, relative to the traditional CAPM. These
results are robust for alternative characteristic portfolios and alternative bond returns. An
extension of the benchmark ICAPM that allows for time-varying covariances greatly improves
the explanatory power over the cross section, in comparison with the BBGB and benchmark
models.

In addition, | derive an unrestricted ICAPM with bond premia - in a heteroskedastic context -
which allows the risk prices to be freely estimated, and find that i) bond premia news is a
priced factor and ii) the model improves the pricing ability relative to the homoskedastic
ICAPM. A heteroskedastic ICAPM with revisions in real interest rates also fits well the cross
section of returns and in particular the size/book-to-market portfolios.

Furthermore, | estimate a generalized ICAPM that allows for time-varying risk aversion,
assuming that risk aversion is explained by the market dividend yield and bond premia news.
The results show that a rise in bond risk premia is associated with lower current risk aversion,
which can be explained by an association between changes in risk aversion and rebalances
between bonds and stocks in investors’ portfolios. The ICAPM with both time-varying bond
premia and risk aversion produces very low average pricing errors for the size/book-to-market

portfolios, and the average pricing errors across the book-to-market quintiles are also very
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small. Thus, several specifications of the ICAPM with bond premia are able to price the value
premium, almost as well as the Fama and French (1993) 3 factor model. In addition, the
momentum factor UMD, when added to the ICAPM model, it is only partially significant, and
thus the ICAPM takes into account at least partially, the momentum observed in stock prices.
Given these results some interesting extensions and robustness checks for the current
paper are in place for future research. First, one should investigate, with more detail, whether
changes in risk aversion are associated with an investment flow between bonds and stocks,
as suggested by the results. A second possible extension for this model is to analyze in more
detail, whether the ICAPM with both bond risk premia and time-varying risk aversion can
explain momentum. Third, one can calculate cash flow, equity premia and bond premia betas
for individual stocks and analyze how they correlate with aggregate betas, following Campbell,

Polk and Vuolteenaho (2005).
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Notes

1 The difference to CV is that oy appear with a minus sign in the pricing equation, since
they use the negative of discount-rate news, i.e. "good" news in future discount rates.

2 | use the convention that lowercase letters denote the logs of uppercase letters.

3 Any P order VAR, with P > 1, can be restated as a first order VAR, if the state vector is
expanded by including lagged state variables, with A denoting the VAR companion matrix.

4 One can use an alternative system where the means of the returns are parameters to be

jointly estimated within the GMM system, as in Cochrane (2001, chapter 13),

T
% thl{(ri’t+l — 1) + %(ri,m — )2 = yo(rigs — u)rgs + o — sy + (Mg — L))

T
1 Sy
T z g Tt — Hi

gr(b*) =

although the results should be similar, and in addition this system is non-linear.

5 Following Campbell, Chan and Viceira (2003), yn-1t1 IS approximated by yn 1.

6 Given that cash flow news represent the residual component of market returns, and
hence are not so sensitive to innovations in the VAR state variables, it is likely that the
covariance with cash flow news is more stable.

7 The Default spread (DEF) represents the difference between BAA and AAA corporate
bond vyields and the smoothed log earnings yield (EY*) is the log ratio of a 10 year
moving-average of S&P 500 earnings relative to the index, as in CV.

8 Campbell (1993) argues that the condition pp: = o + @Ei(rp1) holds if the variances of
both market returns and discount rate news (and the covariance between the two) are linear
functions of the expected market return.

9 Given the original log SDF
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Mus = Ee(Mea) — 4 (Cut — Ex(Cu1)) — (1= 0)(rpus — Eu(rpe))

and the corresponding pricing equation

E(Figa — Miw1) + 5 = Loic+ (1—0)oip
where oic = Cov(rit1,Cu1 — Ei(Cu1)), 0ip = CoV(ria, Mpw — Ei(rpwa)), the price of risk for log

consumption is given by .
10 More specifically,
Var(g;) = <22 Var(b) 4> j = 1,2

with b = (bce, bk, bs).
11 The implied parameter is equal to ¢ = ‘%yy.

al In alternative we can assume joint log-normality for the SDF and asset return.
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Appendices
A. Decomposition for unexpected excess stock return
Following Campbell and Shiller (1988a) and Campbell (1991), the decomposition for

unexpected real stock returns is given by
(Eta —Eormes = (Ew1s —Ep) Z,io pAdia.j — (Ewa — Ey) Z; il gy (A1)
By adding and subtracting the real risk free interest rate, it follows
(Bt —E)(ries — rrea) = (Ewa — Ev) Zjio PjAdt+1+j
~(Eu1 — Ey) Zj:l PI(Figasj = Mrtsf) — (B — Ev) ZH) Piressy  (A2)
By noting that excess nominal returns are equal to excess real returns, since the inflation
rate cancels out, we have,
(Eti1 — EQ(Fmer — Miea) = rE1 — ity — iy (A.3)

with réi = (Ewa - Ey) Z,io P Ay, rty = (Ewa — Ev) Z; LU (ERERES ) and
r}, = (Ey1 — Ey) Z:io P'rewasg, denoting the revisions in future cash-flows, excess stock returns

and real interest rates, respectively, and rnw1 — ri1 representing the excess nominal stock
market return relative to the nominal risk-free rate.

B. Decomposition for unexpected excess bond return

Following Campbell (1993) and CA, the log nominal return on a perpetuity bond with

nominal coupon C and price Py, at time t is given by
Mot = In(%&‘”) = In(C + exp(Pbti1)) — Por = Kb + poPoria —Por  (B.1)
where the last equality follows from a first order Taylor expansion around the mean of
In(C + exp(po1)), with

ko = IN(C + eXp(E(Pos1))) — E(Pora) gt (B.2)

being a linearization constant that plays no role on the analysis, and

_ _epE@br1) o ECPew) o EPe) 1
Pb = CrexpE(or) © CE(Poun) - CE(Pow1) | ERocn) (B.3)
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C+Pb‘t+1
Poyt

is approximately equal to the inverse of the average simple bond return, Ry1 =

Equation (B.1) is a difference equation on the log bond price py;. Solving forward, imposing
a transversality condition limj, prb,tﬂ- = 0, and taking conditional expectations at time t leads
to,

Pot = —E¢ ZJO:O Phlowsy  (B.4)

By substituting equation (B.4) back into equation (B.1), it follows that unexpected current
returns are negatively linked to revisions in future expected bond returns. If in addition we
assume that p, = p, i.e., the linearization coefficient for bonds is approximately equal to the
linearization coefficient for the intertemporal budget constraint - which is linked to the average
consumption to wealth ratio or market dividend yield - then it follows

(Et1 —EDrpea = —(Ewa — Ev) Z;il Pjrb,t+1+j (B.5)

In order to work with excess bond returns, | add and subtract the risk free interest rate and
making use of (Et1 — Ev)rita = 0, one has the decomposition for innovations in current excess
bond returns,

(Bt — EQ)(Fbta — Mie1) = —Tog — M (B.6)

where r8; = (Ey1 — Ey) Zil P (ro14j — Fi1sj) denotes the revisions in future excess bond
returns, and r),; = (Ex1 — Ey) Zil Prinisj represents expectations of future nominal interest

rates. By decomposing nominal interest rates into real interest rates and inflation,
Fit1 = Frg1 + Twa, ONE has
(Bt —EQ)(Fbga — Miee1) = —Tog — Ry — iy (B.7)

where rll; = (Ey1 — Ey) ZL prwig denotes expectations of future inflation rates and
r}, = (Ew1 — Ey) Z; pireuasg is the same as r; above, up to the first term in the summation

(Eta —EOrrpa.

C. The log market return
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The return on financial wealth is a weighted average of the return on stocks and bonds,
Rpt1 = ORmu1 + (1 — @)Rp (C.D
The simple market return can be approximated as Rpt1 = 1+ rpw1, and similarly for the
return on stocks and bonds, and thus we can write the log market return as a weighted
average of the log returns on the stock index and benchmark bond,
Mol ® Ot + (L — @) ot (C.2)
Given (C.2), the conditional expected log return on the market portfolio is equal to
Et(rpt1) = 0E((rmea) + (1 — @)Et(roea) (C.3)
and the conditional variance is given by
o2y = Vary(rpu1) = Vard(rpu: — Ei(rp1)) = 0?02+ (1 - 0)%0h + 20(1 — ®)omp:  (C.4)
with ody = Var(rmnw — Ef(rme1)), oty = Var(row — E(row)) and
Ombt = COVi(rmea — Et(Fmea), Mot — Ee(Fpwa)).
D. Theorem 1
Given the asset pricing model
1 =E(MwRit1) (D.1)
and with the assumption that the log SDF my,; = In(My.) is a linear function of K risk factors
t+1r
mw =a+b'f,, (D.2)
the unconditional model in expected return-covariance form for log returns rit1 = In(Rita)
can be represented as,
E(Fig1 — Fiwa) +0.502 = —=b'Cov(rins,f,,,)  (D.3)
which corresponds to the following expected return-beta representation
E(ritws — Mw1) +0.5067 =A'B,  (D.4)
where A = -Var(f,,,)b and B, = Var(f,,,) 'Cov(ripa,f,, ).
Proof:

By taking logs of (D.1) one gets the pricing equation in the log form,
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0 = In[Ei(exp(Mea + )] (D.5)

Since the log is a non-linear function, one can use a second-order Taylor expansion to the

right hand side of (D.5), leading to the following approximation?:
0 = Et(Myg + Figr) + 0.5Vari(Myg + Figg) (D.6)
By expanding and rearranging (D.6) one obtains,
Et(rita) +0.5Vary(rig1) = —Ei(Meu1) — 0.5Vary(mya) — Covi(Mea, M) (D.7)

Applying the pricing equation (D.7) to the risk-free rate ri1 and noting that

Vary(rss1) = Covi(Myg, ria) = 0, one has,
1 = —Ei(myr) — 0.5Vari(mys) (D.8)
Subtracting (D.8) from (D.7) we obtain,
Ei«(riwst) — reea + 0.5Var(riga) = —Cove(Mea, Miga) (D.9)

Given the assumption that the log SDF is linear in the risk factors my.: = a+b'f,,, and

substituting in (D.9), we have the following conditional pricing equation for excess returns,
Ee(rig1) — Meea + 0.5Vary(rig1) = -b'Covi(rina,f.,,)  (D.10)
By applying the law of iterated expectations to equation (D.10), one has the following

unconditional pricing model

E(ri,t+l - Irf,t+1) +0. 56I2 = _b,COV(ri,’Hlfol) = ZK

k=1

—bwoix  (D.11)

where o¢ = Var(riui), oixk = Cov(rin, fria ),k = 1,...,K and fxi,1 denotes the kth factor.
The equation in the expected return-covariance form (D.11) can be translated into an
equivalent expected return-beta model in the following way,
E(figt — Mwa) +0.50% = —b'Cov(riga,f,,,)
= —b'Var(f,,,)Var(f,,) "Cov(ri1,f.,) = AB, (D.12)
where A =-Var(f,,)b denote the wvector of factor risk prices, and
B, = Var(le)‘lCov(riM,ft+l) is a vector containing the K betas for asset i.

Equation (D.12) can be restated in a vector form for the vector of N excess log returns ry,
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E(rei —riwaln) + 0.5diag(Var(rui)) = pA (D.13)

where B = Cov(rm,le)Var(le)’l is a (NxK) factor beta matrix with row i containing the K
factor loadings for asset i, and 1y is a N-dimension vector of ones.

Theorem 1 represents a straightforward generalization of the theorem in section 6.3 of
Cochrane (2001), for the case in which the SDF is nonlinear but the log SDF is a linear
function of the factors.

E. Substituting out consumption as in Campbell (1993)

Using the Epstein and Zin utility function,

Up = {(1 5)C + o[ E(UL )]”} (E.1)
where 0 = 1 , W is the elasticity of intertemporal substitution, y is the relative risk aversion
coefficient, and C; denotes consumption. The corresponding SDF is given by

Mt = 89( et )’%(ﬁ)l’g (E.2)

where Ry IS the simple return on the market portfolio or total wealth. The corresponding

log SDF is equal to
M1 = 0In(8) — LEi(Act) — (1 — O)Ei(rpea)
—& (Act — Et(ACta)) — (1= 0)(rpes — Ee(rpea))  (E.3)

By applying the conditional log pricing equation (D.7) to the market portfolio log return rp .1,

leads to
Ei(rpea) +0.5Var(rpu) = —Ei(Mu1) — 0.5Var(mya) — Covi(Mya, rpea)  (E.4)

By substituting the expressions for Ei(m1), Vari(mya) and Covi(Mya, M), and using the
fact that Covi(M1, Fpt1) = Covi(Me, Fps — Ex(Fpwa)) and Vary(rpe1) = Vard(rpes — Ei(rpe)), we
have

Et(rp'Hl) + O.SG%J = —an(5) + %Et(ACprl) + (1 - 9)Et(rp,t+1)

—0.5[ (&) 0%+ (1 -0)%03 + 2L (1 - 0)0cp: | + Locpe+ (1-0)03,  (E.5)

57



where 02 = Var{(Acu1 — Ei(Acy1)), o3¢ = Vary(rpw — Ei(rpea)) and
Ocpt = CoVi(ACu1 — Et(ACu1), pi1 — Ei(rpi1)) represent the variance of consumption growth,
variance of market return and covariance between consumption growth and market return,
respectively.

Solving for Ei(Acw1), it follows,

Ei«(ACt1) = wIn(s) + 0.59[%0& +yodi—20cpt] + WE(Ipu1) (E.6)

If in addition, we impose joint conditional homoskedasticity for log consumption growth and

log market returns, then we have
Ei(Acu1) = wIn(8) +0.50[+-02 + yol — 20cp] + wE(rpe1)
= Up + WE«(rpt1) (E.7)

where 0% = Var(Acy1 — Ev(Acy1)), o3 = Var(rpw1 — Ei(rpua)),

Gc'p = COV(AC'H.]_ - Et(ACt+1), rpyt+l - Et(rpyt.'.l)), and /Jp l// In(5) + O. 50[%6% + l//G’% - chyp].
Building on a relation similar to equation (E.7), Campbell (1993) shows that innovations in

log consumption and log market returns are related by the following expression,
Cer — Eu(Cun) = Mot = Ea(pun) + (L= ) (Eua —E) D07 plroy (E8)
F. Separating bond premia from excess stock returns
Giving the relation between expected stock and bond returns,
Et(rmu1) = Ee(Foga) + Ee(Kea) (F.1)
and substituting (F. 1) in the expression for excess stock return news, we have

H
rt+1

(Ew1 —Ev) Z; P (Fm1ej — Fens)

= (Ew1 —Ev) Z; pj Kir1sj + (Bt — Ev) Z:il Pj(rb,t+1+j —l14) = iy +res (F.2)
where rf; = (Ey1 - Ey) Z:l p'ki14j represents news about future stock-bond premia. Given

(F.2) one can rewrite the innovations in current stock returns presented in (A.3) as
(Eter —E)(Pmter — Free1) = g — sy — Fog — o (F.3)

G. Relaxing joint conditional homoskedasticity assumption for consumption and market
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returns

G.1. A model with news in variances

We can rewrite equation (E.6) as

E«(ACt1) = ppt + ywE«(rpra)  (G.1)
with
tpt = wIn(8) +0.50[+03; + yod—20cpt]  (G.2)
Given equation (G.1), the log consumption growth can be represented as,
ACt1 = Upt + Wlpa + Vit (G.3)

with E¢(v1) = 0, Vary(via) = ¢ and Covi(rpea,Ve1) = 0. Using these assumptions and the
definition for the market return in equation (C.2), we can derive the following conditional
covariances and variances,
ocpt = COVi((Eta — E0)ACu1, (Ets — E)rpu1) = wCOVi((Eta — E)rptit, (Etr — EQ)lbe1)
= yoomp; +y(1-w)ot,  (G.4)
oemt = COVi((Ew1 — Et)ACu1, (Bt — E)lme) = vook: + w(l — ®)ompy

(G.5)
Substituting (C.2), (C.4), (G.4) and (G.5) into (G.2), leads to

tpt = wIn(8) +0.50[ 03 + yo?ch + y(1 — )05, + 2yo(l — ©)Ompy
—20(ywoh; + ¥ (1 - 0)oms) = 2(1 - @)(yooms: + y(l - 0)og)]  (G.6)
Assuming that consumption growth is conditionally homoskedastic, ¢Z; = o2, and that the

covariance between stock market and bond returns is also constant trough time, ompt = omp,

and by rearranging, up: can be represented as

Upt = to — 0.50y (0?02 + (1 — w)2%0}, (G.7)
with g0 = wIn(6) + 0.50(+ 02 — 20(1 — @)yomp).
Since 63 = E«(ré 1), o8, = E«(r3.1), equation (G.7) can be restated as
fipe = Ho — 0.50y[0’E(rf 1) + (1 - ©)?Eu(rga)]  (G.8)

Giving an expression similar to (G.1), Campbell (1993) shows that innovations in

consumption are related with innovations in the market return, in the following way,
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(Etv1 —E)ACH1 = (Eva —E)rpes + (1 —w)(Ewa — Ep) Z; Pty

~Ew-E) D P (G.9)
where the last term refers to revisions in the future values of the time-varying intercept ;.
Substituting (G.8) in (G.9), it follows,

(Et1 —E)ACH1 = (Eta —E)rpea + (1 —w)(Ewa — Ep) Z:il pjrp,t+l+j +

0.50yw?(Eva —E) 35" pliesy + 0.50y(L - 0)*(Bua ~E) D" pMieay  (G.10)
Substituting (G.10) in the log SDF of equation (12),
My1 = Ex(Myy) — %(CM —Ei«(Cu1)) — (1 —0)(rpea — Ei(rpea)), and using the identities (A.3), 3,
(F.2) and (F.3) we have
Myt = Ex(Myt) — yorSh + orf, + 18, — 0.50202V], —0.50%(1 - 0)2VP,  (G.11)
with VI, = (Ew1 — Eo) Z; pird 1y and Vi = (Evi - Ey) Z; pird..,; representing news

about the volatility of stock and bond returns, respectively.

Making f., = (rgf, ri;, re;, Vi, Ve and b = (—yo,,1,-0.50%0w?,-0.50%(1 — w)?)' and using
Theorem 1 above, one has,

E(rig — Figa) + %‘2 = yooick — @oix — 0ig + 0.5020%Cym
+0.50%(1 - w)?cive ~ (G.12)

where civm = Cov(ris1, V), oive = Cov(rina,VP,), represent the covariances with the
volatility news.

As stated in Campbell (1993), 0 is infinite when v is near one, and hence the expression
containing variances and covariances in (G.2) must be zero, in order to have finite expected
consumption growth. If we make the assumption that v = 1, then it follows that p,; = wo, and
the relation Ei(Acw1) = up + wE(rpn1) continues to hold, so that the standard ICAPM remains
valid in the presence of heteroskedasticity.

In order to identify V{; and V¥, | use the following approximations,
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Vi = el pAl - pA) el
Via = e2'pA(l-pA)tel;  (G.13)
G.2. An unrestricted ICAPM
Given the assumption that the time-varying intercept is related with the expected returns on
the stock index and benchmark bond,
Upt = o + P10E(rme1) + 92(1 — 0)Ei(rora)  (G.14)
and using equation (G.9), innovations in log consumption are given by the following

expression,

(Et1 — B0t = (Bt = E0Fpit + (1 =) (Bra =B D37, oy — $10(Bra —E) D07 prmecay

~$2(1 — ©)(Ev1 — Ey) ij‘; Pirors  (G.15)

By employing the identities (C. 3), 3, (F.2) and (F.3) and simplifying, it follows

(Eta —EoCta = (Eta — Edrpra + 01—y — d)riy
H1l-y -0 - (1-w)plriy  (G.16)

Substituting (G.16) in the log SDF of equation (12),

Mu1 = Ee(Mua) — - (Cea — Ex(Cua)) — (1= 0)(rpea — Ex(rpra)), and simplifying, we have
Me = E(Mut) = y(Fpws — Ee(fp)) — o4 (1 -y = g0)rty
—v[l-vy-0¢p-1-w)plri, (G.17)

By adding and subtracting the real risk-free rate r,, using the fact that excess nominal
returns are equal to excess real returns and ignoring the terms related with real interest rates,
we have

M1 = Ee(Mea) — Y (Evr — E)(Fpss — Freer) — 0= (L -y — d1)rf,
~v[l-v -0 - (1-wilrk, (G.18)
Using equation (C.3) above leads to
M1 = Ec(My1) — yo(Ewr — E)(Fmes — M) — Y(1 — @) (B — E¢)(Ppe1 — Fee1)

0L Ly - ¢l — L1y -0 - 1-0)plrd;  (G.19)
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Using again the identities (A.3), 3, (F.2) and (F.3) and simplifying, it follows
Mea = EMea) = yords + o(1+ 50 r + [1+ (o +¢o(1-) JrBy (G.20)
Making f,, = (r§7,rfs, 1)’ and b = (—bce,—bk,—bg)’ and using Theorem 1, one has the
following pricing equation,
E(Fisa — Miu1) + % = boroicr + bkoix +beois  (G.21)
with the risk prices estimated in the cross section being related with the original parameters

in the following way,

ber = yo
bk = ~o(1+Z¢,) (G.22)
bg = -1 - 7L(p10 + $2(1 - ))

G.3. An ICAPM with news in the VAR state variables
Given the assumption that the time-varying intercept is related with the expectation of the

VAR state variables,

Hpt = Ho + PE(Yti1) (G.23)

and substituting (G.23) in (G.9), we get

(Et1 —ECta = (Ew1 —EQrpws + (L —yw)(Ew1 — Ev) Z; Pjrp,t+1+j

~pEi-E) D Py (G.24)

Substituting (G.24) in the log SDF of equation (12),

M1 = E(My) — %(cm —Ei«(Cu1)) — (1 —0)(rpea — Ei(rpea)), and simplifying, we have
Met = Ex(Mu1) =y (ot — Ex(rp1)) + Q= p)orf; + (L -y)L - o)rd, + %(/Nﬁl (G.25)

with r{; = (Ew1 — Ey) Z:io plyu1sj representing the revisions in the state variable yui. By
using the identities (A.3), 3, (C.3), (F.2) and (F.3), ignoring the real interest rate terms and
simplifying, it follows

Me1 = Et(Mua) — yordh + orfs + 18 + Z¢ry (G.26)

Making f,, = (r&,rk;,r8,, 1) and b = (~yw,»,1,~yy)' and using Theorem 1, one has the
t+1
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following pricing equation,
E(rig — rip) + 67'2 = yaoick — WOk —Oig +Yvoiy  (G.27)

with oiy = Cov(rips, 1) and yy = —%qﬁ denotes the second parameter to be estimated in
the cross section.

The revisions in the state variable y., are identified in a similar way to equity and bond
premia news,

riy = ey pA(l - pA)ters (G.28)

where ey denotes the indicator vector associated with state variable yy,;.

H. The CAPM as a special case of the ICAPM

For the case of a log-investor (y = 1), the CAPM arises as a special case of the ICAPM in
equation (17). Using equation (13) and imposing y = 1, we have

My1 = E¢(Mea) — (B — Erpaa
= Ei(Mu1) —0(Ew1 —E)rmems — (L — @) (Ewa —Edrows (H.1)

where the second equality makes use of the expected market return in equation (C.3). By
Imposing f; = (Et1 — E)rmea, (Eva — E)rowa)’ and b = (-0,—(1 - ))’ and using Theorem 1,
one has,

E(Figa — Mu1) + 5 = 0Gin+ (1 —0)oip  (H.2)

where oim = Cov(rit1, (Evr — E)rmer) and  oip = Cov(ris, (Eva — Eorper) denote  the
covariances with stock market return and bond return, respectively. Equation (H.2) represents
an generalized CAPM for the case where the market portfolio is composed of both stocks and
bonds. The standard CAPM can be recovered as a special case of (H.2) by imposing o = 1,

E(riga — Mee) + 67'2 =oim (H.3)
If we allow the market risk price to be freely estimated in the cross-section, then the 2 beta

CAPM in equation (H.2) becomes,

E(riga — Me) + 67'2 = bpwoim +bp(l -w)oip  (H.4)
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and the standard unrestricted CAPM is obtained by making o = 1,
E(Figa = Mrw1) + 5 = bpoim  (H.5)
I. GMM standard errors formulas for parameter estimates and moments

The parameter estimates b" associated with GMM systems in Section I1.D, have variance

formulas for first stage and second stage given respectively by,
Var(b’) = 1(d'Iyd)d'IySlyd(d'Ind)?  (1.1)
Var(b’) = 1(d'§7d)t (1.2
where Iy is a N order Identity matrix, d = agoTT(b) represents the matrix of moments’

sensitivities to the parameters, and S is a estimator for the spectral density matrix S, derived
under the Newey-West procedure with 5 lags. The variance-covariance matrix for the

moments is given by,

Var(@)= < (In—d(d'Ind) d'In)S(In-Ind(d'Ind) Hd')  (1.3)

Var(@)= +(I-d(@'$ ") Hd'§ H8(-S dd § 'a)H)d)  (1.4)

for first-stage and second-stage GMM, respectively.
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Table |

Descriptive statistics for the VAR state variables

This table reports descriptive statistics for the state variables used to predict stock market and
bond returns in the VAR presented in Section Il. The VAR state variables are the log real 1
month Treasury bill rate (rv), FED funds premium (FFPREM), term structure spread (TERM),
value spread (VS), log earnings yield (EY), log excess bond return (rpt), and the log excess stock
market return (rmt). The original sample is 1954:07- 2003:12. Autocorr. designates the first order
autocorrelation. The correlations between the state variables are presented in Panel B. For details
on the construction of the variables refer to Section II.

Panel A

Mean Stdev. Min. Max. Autocorr.
Fey 0.013 0.020 -0.062 0.075 0.914
FFPREM, 0.005 0.008 -0.011 0.054 0.878
TERM, 0.008 0.011 -0.031 0.033 0.967

VS, 1.563 0.158 1.200 2.231 0.938
EY, -2.783 0.378 -3.660 -1.950 0.997
Mt 0.001 0.022 -0.078 0.089 0.066
M.t 0.005 0.044 -0.261 0.148 0.073
Panel B
Fe FFPREM; TERM; VS, EY; Mot M.t
Fet 1.000 0.049 -0.083 0.025 -0.108 0.112 -0.038
FFPREM; 1.000 -0.441 -0.074 0.434 0.028 -0.129
TERM; 1.000 0.189 -0.368 0.115 0.137
VS, 1.000 -0.614 0.046 0.042
EY, 1.000 -0.005 -0.005
Mt 1.000 0.159

Mt 1.000




Table 11

Estimating the news components of stock and bond excess returns: a VAR
approach

Panel A presents the estimated coefficients (first row of each variable) and associated
Newey-West t-statistics calculated with 5 lags (second row) for the first-order VAR estimated in
Section Il. The VAR state vector is given by [r;, FFPREM;, TERM¢, VS, EY¢, Iy, rmt]’ where
rr is the log real 1 month Treasury bill rate, FFPREM is the FED funds premium, TERM is the
term structure spread, VS is the value spread, EY is the log earnings yield, ry is the log excess
bond return, and ry: is the log excess stock market return. The original sample is 1954:08-
2003:12. Underlined (bold) t-statistics denote statistical significance at the 5% (1%) level. Adj.
R? is the adjusted R?.

Panel B shows the variance decomposition associated with bond excess returns, where r2; and
rR, denote the excess bond return news and real interest rate news, respectively, which are
implied by the VAR model of panel A. The upper-right section shows the correlations between
rB, and rf; (above the diagonal), whereas the respective variances and covariances are
presented in the diagonal and below the diagonal. Below each correlation and covariance
coefficient, it is reported the respective standard error. The upper-left section reports the
variance decomposition of excess bond returns, in terms of both news components. The lower
section shows the correlations between shocks in each of the variables used in the VAR, with
both r8, and rf;, with s.e. denoting the respective standard errors.

Panel C shows the variance decomposition associated with excess stock market returns, where
rk, and r&f denote the equity premia news and cash flow news, respectively, implied by the
VAR model of panel A. The upper-right section shows the correlations between r&fy, r,,
r2,and r}; (above the diagonal), whereas the respective variances and covariances are presented
in the diagonal and below the diagonal. Below each correlation and covariance coefficient, it is
reported the respective standard error. The upper-left section reports the variance decomposition
of excess stock market returns, in terms of all news components. The lower section shows the
correlations between shocks in each of the variables used in the VAR, with both rK; and r&f,
with s.e. denoting the respective standard errors. All the standard errors are computed in Panels
B and C from 10,000 bootstrapping simulations of the VAR. For further details refer to Section
.

Panel A (VAR coefficient estimates)
Mot FFPREM, TERM, VS, EY, Mot rmt  Adj. R?
Frte 0.931 -0.185 -0.027 0.006 0.003 -0.090 0.002 0.845
55.281 -2.332 -0.863 2.235 1.900 -4.011 0.200
FFPREM,,; 0.012 0.798 -0.078 0.001 0.001 0.021 -0.010 0.786
1.231 17.425 -3.381 0.884 1.563 2.495 -2.227
TERM,,, 0.014 0.021 0.971 0.001 0.000 0.029 -0.003 0.934
1.711 0.586 74.513 0.897 0.456 2.370 -1.231

VS -0.122 0.516 0.061 0.904 -0.025 -0.166 -0.017 0.882
-1.013 1.249 0.260 35.313 -2.057 -1.757 -0.387

EY;4q -0.142 0.602 -0.377 -0.038 0.977 -0.183 -0.401 0.993
-1.990 2.438 -2.378 -2.578 147.446 -2.954 -13.092

I t+1 0.124 -0.245 0.215 0.017 0.009 0.065 -0.081 0.043
2.278 -1.531 1.977 2.262 2.383 1.392 -3.740

Fim,t+1 0.049 -0.942 0.326 0.013 0.022 0.206 0.025 0.038

0.536 -2.822 1818 0.805 2.595 2.237 0.572
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Panel B (Bond return decomposition)

Variance decomposition

Correlations

Var(r®..,) 0.915 2o e

Var(r®..1) 0.094 e 0.0004 -0.017

2Cov(r®,rRq) -0.010 0.00005  0.144

Sum 1.000 w1 -0.000002 0.00004
0.00003 0.00002

Shock correlations

P s.e. My s.e.

e t+1 -0.333 0.071 0.859 0.099

FFPREM,,, -0.051 0.067 -0.246 0.146

TERM,,, -0.016 0.099 -0.298 0.256

VS -0.080 0.094 0.189 0.250

EY g 0.067 0.093 0.056 0.238

b, t+1 -0.952 0.024 -0.291 0.109

Fimge1 -0.145 0.093 -0.021 0.230

Panel C (Equity return decomposition)

Variance decomposition

Correlations

Var(rKM) 0.803 rKM rCFM rRm rBM
-2CoVv(r¥uq,r 1) -0.046 1", 0.001 0.044 -0.067 -0.471
2Cov(rf.i,rRwy)  -0.018 0.0005 0.178 0.231  0.129
2Cov(rfui,r®uy)  -0.397 rf,,, 0.00004 0.001 0.107 -0.172
Var(r’f,.1) 0.341 0.0003 0.0002 0.229 0.118
-2Cov(rF,,,r") -0.019 R, -0.00002 0.00002 0.00004 -0.017
-2Cov(rFii,r®q)  0.094 0.0001 0.0001 0.00002  0.144
Var(rf..1) 0.023r%,;  -0.0004 -0.0001 0.00000 0.0004
2Cov(r®.,,rRwy)  -0.002 0.0001 0.0001 0.00003 0.00005
Var(r®,.,) 0.221
Sum 1.000
Shock correlations

e s.e. ., s.e.
et 0.157 0.120  0.043 0.164
FFPREM,., -0.064 0.098 -0.304 0.117
TERM,,, 0.098 0.169  0.283 0.222
VS -0.364 0.146 -0.143  0.255
EY i1 0.749 0.098  0.016 0.224
b t+1 0.471 0.103  0.132  0.099
Fim, 41 -0.639 0.102  0.609 0.198
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Table 111

ICAPM with bond risk premia: Single-regression beta estimates for the 25
size/book-to-market portfolios

This table reports in Panel A the single regression beta estimates associated with the Benchmark
ICAPM with bond premia estimated in sub-section 11.D, for the 25 size/book-to-market
portfolios (SBV25). rf,, r&h and rE; denote the revisions in future equity premia, cash-flows
and bond premia, respectively. SBVij denotes the portfolio with ith size and jth book-to-market
quintiles. Average betas across the book-to-market and size quintiles are reported in Panels B
and C, respectively. S1 and BV1 denote the lowest size and book-to-market quintiles,
respectively. The sample is 1954:08-2003:12. For further details, refer to Section II.

Panel A (SBV25) Panel B (BM quintiles)
rCFt+1 rKt+1 rBt+1 rcFt+1 rKt+1 I'Bt+1

SBV11 1.298 -1.154 -0.198 BV1 1.222 -1.008 -0.291

SBV12 1.120 -0.985 -0.118 BV2 1.084 -0.810 -0.276

SBV13 0.962 -0.809 -0.209 BV3 0.989 -0.686 -0.297

SBV14 0.931 -0.749 -0.155 BV4 0.961 -0.632 -0.276

SBV15 0.980 -0.764 -0.111 BV5 1.055 -0.678 -0.238

SBV21 1.318 -1.136 -0.256

SBV22 1.101 -0.885 -0.278 Panel C (Size quintiles)

SBV23 0.985 -0.743 -0.279 e Mar P

SBV24 0.967 -0.694 -0.244 S1 1.058 -0.892 -0.158

SBV25 1.062 -0.763 -0.231 S2 1.087 -0.844 -0.258

SBV31 1.253 -1.057 -0.313 83 1.076 -0.761 -0.299

SBV32 1.071 -0.796 -0.281 S4 1.097 -0.714 -0.341

SBV33 1.011 -0.670 -0.304 S5 0.993 -0.601 -0.321

SBV34 0.964 -0.620 -0.296

SBV35 1.079 -0.664 -0.300

SBV41 1.209 -0.945 -0.336

SBV42 1.103 -0.730 -0.360

SBV43 1.046 -0.653 -0.334

SBV44 1.007 -0.590 -0.365

SBV45 1.121 -0.650 -0.312

SBV51 1.034 -0.747 -0.351

SBV52 1.025 -0.652 -0.340

SBV53 0.941 -0.554 -0.359

SBV54 0.934 -0.505 -0.317

SBV55 1.031 -0.548 -0.238
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Table IV

ICAPM with bond risk premia: Single-regression beta estimates for the the 38

industry portfolios

This table reports the single regression beta estimates associated with the Benchmark ICAPM
estimated in sub-section 11.D, for the 38 industry portfolios (IND38). rf;, r&f and r2; denote the
revisions in future equity premia, cash-flows and bond premia, respectively. The sample is

1954:08-2003:12. For further details, refer to Section II.

CF
I t+1

K
¢4

B
I 41

CF
I 41

K
It

B
I 41

AGRIC
APPRL
CARS
CHAIR
CHEMS
CNSTR
ELCTR
FOOD
GLASS
INSTR
LETHR
MACHN
MANUF
METAL
MINES
MONEY
MTLPR

0.996
1.073
1.098
0.996
0.888
1.318
1.401
0.739
1.201
1.035
1.033
1.213
0.987
1.387
0.980
1.085
1.001

-0.703
-0.871
-0.695
-0.663
-0.649
-0.843
-1.000
-0.480
-0.878
-0.805
-0.744
-0.942
-0.850
-0.884
-0.761
-0.571
-0.694

-0.337 OIL
-0.275 PAPER
-0.220 PHONE
-0.420 PRINT
-0.343 PTRLM
-0.586 RTAIL
-0.203 RUBBR
-0.417 SMOKE
-0.258 SRVC
-0.227 STONE
-0.229 TRANS
-0.118 TV
-0.320 TXTLS
0.039 UTILS
0.103 WHLSL
-0.601 WOOD
-0.316

1.136
1.023
0.897
0.948
0.775
0.997
1.093
0.715
1.347
0.850
1.236
1.188
0.957
0.617
1.123
1.269

-0.730
-0.682
-0.427
-0.716
-0.548
-0.725
-0.813
-0.406
-1.001
-0.839
-0.730
-0.836
-0.775
-0.218
-0.764
-0.782

-0.194
-0.289
-0.456
-0.435
-0.107
-0.346
-0.220
-0.549
-0.400

0.151
-0.305
-0.393
-0.122
-0.587
-0.407
-0.378
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Table V

ICAPM with bond risk premia: Estimating factor risk prices

This table reports the estimation and evaluation results of the ICAPM presented in sub-section
11.D,

2
E(ri,t+1_rf,t+l) +07i= YOO cp—00iK—CiB

Panels A, B and C presents the results for the cases with ®=0.7, 0.6 and 0.5, respectively. There
are 2 sets of test assets - the 25 size/book-to-market portfolios (SBV25) and the combination of
these with 38 industry portfolios (SBV25+IND38). Each panel reports the risk prices for both
single regression betas (rows 1 and 3) and multiple regression betas (rows 2 and 4), arising from
first stage GMM estimation. Acr, Ak and A denote the beta risk prices estimates for the
cash-flow news, equity premia news and bond premia news, respectively. y denotes the relative
risk aversion coefficient. Below the parameter estimates are reported the associated Newey-West
t-statistics calculated with 5 lags, and standard errors | and Il, respectively. Test values (first
row) and respective p-values (second row) for the asymptotic y? test are presented for each
GMM estimation. RMSE is the square root of the average pricing error (in %). R? refers to the
cross sectional adjusted R2. The sample is 1954:08-2003:12. Italic, underlined and bold numbers
denote statistical significance at the 10%, 5% and 1% levels respectively. The beta risk prices
(A) are reported in %. For further details, refer to Section I1.

Panel A (w=0.7)
Row Acr  Ax Ag vy oZ'a RMSE R’

SBV25

1 0.610 -0.103 -0.040 13.961 22.480 0.272 0.881
2.951 2.951 0.551
2.500 2.500

2 0.615 -0.026 -0.099 33.887
2.978 -1.865 -3.474 0.087

2.524 -1.581 -2.943

SBV25 + IND38
3 0.541 -0.103 -0.040 12.387 63.221 0.237 0.887

2,727 2.727 0.266
2.360 2.360

4 0.547 -0.030 -0.090 60.569
2.756 -2.290 -3.272 0.348

2.385 -1.981 -2.831
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Panel B (w=0.6)

Row Acr  Ax As y of'a RMSE R’
SBV25
1 0.620 -0.088 -0.040 16.573 22.444 0.271 0.882
3.002 3.002 0.553
2.542 2.542
2 0.626 -0.010 -0.104 33.794
3.032 -0.751 -3.652 0.088
2.567 -0.636 -3.092
SBV25 + IND38
3 0551 -0.088 -0.040 14.730 63.263 0.237 0.887
2.779 2.779 0.265
2.404 2.404
4 0557 -0.015 -0.095 60.485
2.810 -1.130 -3.457 0.351
2.430 -0.977 -2.989
Panel C (w=0.5)
Row A A As y of'a RMSE R’
SBV25
1 0.631 -0.073 -0.040 20.228 22.410 0.271 0.882
3.054 3.054 0.555
2.583 2.583
2 0.637 0.005 -0.110 33.698
3.085 0.364 -3.831 0.090
2.610 0.308 -3.241
SBV25 + IND38
3 0562 -0.073 -0.040 18.009 63.306 0.237 0.887
2.832 2.832 0.264
2.448 2.448
4 0568 0.000 -0.100 60.399
2.865 0.030 -3.641 0.354
2476  0.026 -3.147
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Table VI

ICAPM with bond risk premia: Estimating factor risk prices by efficient GMM
This table reports the estimation and evaluation results of the ICAPM presented in sub-section
11.D,

2
E(ri,t+1_rf,t+l) +07i= YOO cp—00iK—CiB

Panels A, B and C presents the results for the cases with ®=0.7, 0.6 and 0.5, respectively. There
are 2 sets of test assets - the 25 size/book-to-market portfolios (SBV25) and the combination of
these with 38 industry portfolios (SBV25+IND38). Each panel reports the risk prices for both
single regression betas (rows 1 and 3) and multiple regression betas (rows 2 and 4), arising from
second stage GMM estimation (GMM 11 system). Acg, Ak and Ag denote the beta risk prices
estimates for the cash-flow news, equity premia news and bond premia news, respectively. y
denotes the relative risk aversion coefficient. Below the parameter estimates are reported the
associated Newey-West t-statistics calculated with 5 lags. Test values (first row) and respective
p-values (second row) for the asymptotic y? test are presented for each GMM estimation.
RMSE is the square root of the average pricing error (in %). R? refers to the cross sectional
adjusted R?. The sample is 1954:08-2003:12. ltalic, underlined and bold numbers denote
statistical significance at the 10%, 5% and 1% levels respectively. The beta risk prices (A) are
reported in %. For further details, refer to Section II.

Panel A (w=0.7)
Row Acr Ak Ag y oZ'a RMSE R?

SBV25
1 0.471 -0.103 -0.040 10.779 34.154 0.310 0.846
2,698 2.698 0.082

2 0.476 -0.035 -0.080
2.730 -3.006 -3.317

SBV25 + IND38

3 0.421 -0.103 -0.040 9.642 60.940 0.270 0.854
2915 2915 0.336

4 0.427 -0.038 -0.073
2.954 -3.974 -3.663
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Panel B (w=0.6)

Row Agr A As y aoI'a RMSE R’

SBV25

1 0480 -0.088 -0.040 12.831 34.064 0.310 0.846
2.750 2.750 0.084

2 0486 -0.020 -0.085
2.785 -1.690 -3.519

SBV25 + IND38

3 0431 -0.088 -0.040 11511 60.838 0.270 0.854
2.982 2.982 0.339

4 0437 -0.023 -0.078
3.024 -2.385 -3.912

Panel C (w=0.5)

Row Agr A« As y aoZ'a RMSE R®

SBV25

1 0490 -0.073 -0.040 15.704 33.974 0.310 0.846
2.803 2.803 0.085

2 0496 -0.004 -0.090
2.840 -0.377 -3.721

SBV25 + IND38

3 0441 -0.073 -0.040 14.128 60.736 0.270 0.854
3.049 3.049 0.343

4  0.447 -0.008 -0.083
3.094 -0.796 -4.160
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Table VII
ICAPM with bond risk premia: Single-regression beta estimates for additional
characteristic-sorted portfolios
This table reports the single regression beta estimates associated with the Benchmark ICAPM
with bond premia, for the 10 portfolios sorted on earnings to price ratio (Panel A), 10 portfolios
sorted on cash flow to price ratio (Panel B) and 10 portfolios sorted on dividend to price ratio
(Panel C). rf,, r& and r2; denote the revisions in future equity premia, cash-flows and bond
premia, respectively. EP1, CFP1 and DP1 denote the portfolios containing stocks with financial
ratios in the lowest decile, whereas EP10, CFP10 and DP10 denote the portfolios containing
stocks with the highest financial ratios. DIF. denotes the difference in betas across extreme
deciles. The sample is 1954:08-2003:12. For further details, refer to Section II.

Panel A (E/P)

Panel B (CF/P)

Panel C (D/P)

CF
It

K
I+

B
It

CF
It

K
It

B
I te1

CF
It

K
I t+1

B
It

EP1
EP2
EP3
EP4
EPS
EP6
EP7
EP8
EP9
EP10
DIF.

1.175
1.041
0.965
0.969
1.014
0.952
0.967
0.912
1.013
1.113
0.062

-0.938
-0.735
-0.649
-0.616
-0.622
-0.604
-0.569
-0.574
-0.593
-0.654
-0.283

-0.274 CFP1
-0.312 CFP2
-0.375 CFP3
-0.381 CFP4
-0.402 CFP5
-0.307 CFP6
-0.356 CFP7
-0.368 CFP8
-0.291 CFP9

-0.332 CFP10

0.058 DIF.

1.151
1.040
0.985
1.041
0.990
0.955
0.927
0.902
0.925
1.001
0.060

-0.912
-0.726
-0.638
-0.665
-0.632
-0.567
-0.607
-0.560
-0.572
-0.659
-0.253

-0.327 DP1
-0.320 DP2
-0.435 DP3
-0.381 DP4
-0.314 DP5
-0.452 DP6
-0.303 DP7
-0.312 DP8
-0.239 DP9
-0.229 DP10
-0.099 DIF.

1.215
1.057
1.027
1.049
0.993
0.957
0.951
0.931
0.834
0.683
0.532

-0.922
-0.825
-0.733
-0.653
-0.577
-0.556
-0.552
-0.511
-0.447
-0.279
-0.643

-0.282
-0.274
-0.296
-0.368
-0.412
-0.378
-0.342
-0.319
-0.341
-0.451

0.168
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Table VIII

ICAPM with bond risk premia: Estimating factor risk prices for alternative
characteristic portfolios

This table reports the estimation and evaluation results of the ICAPM presented in sub-section
11.D,

2
E(ri,t+1_rf,t+1) +67i= YOO; cp—®0iK—CiB

for additional characteristic portfolios. The test assets are the 10 portfolios sorted on earnings to
price ratio (E/P, Panel A), 10 portfolios sorted on cash flow to price ratio (CF/P, Panel B) and 10
portfolios sorted on dividend to price ratio (D/P, Panel C), and the combination of these 30
portfolios with the 25 size/book-to-market portfolios (Panel D). Each panel reports the risk
prices for both single regression betas (row 1) and multiple regression betas (row 2), arising
from second stage GMM estimation (GMM |l system). Ack, Ak and Ag denote the beta risk
prices estimates for the cash-flow news, equity premia news and bond premia news,
respectively. y denotes the relative risk aversion coefficient. Below the parameter estimates are
reported the associated Newey-West t-statistics calculated with 5 lags. Test values (first row)
and respective p-values (second row) for the asymptotic y? test are presented for each GMM
estimation. RMSE is the square root of the average pricing error (in %). R? refers to the cross
sectional adjusted R?. The sample is 1954:08-2003:12. Italic, underlined and bold numbers
denote statistical significance at the 10%, 5% and 1% levels respectively. The beta risk prices
(A) are reported in %. For further details, refer to Section I1.

Panel A (E/P)
Row Agr A Ag y aoI'a RMSE R’
1 0.548 -0.103 -0.040 12.560 14.930 0.251 0.882
2.812 2.812 0.093
2 0.554 -0.030 -0.091
2.841 -2.290 -3.366

Panel B (CF/P)
Row Agr A« As y aoZ'a RMSE R*
1 0.639 -0.103 -0.040 14.626 12.548 0.212 0.905
3.108 3.108 0.184
2 0.644 -0.024 -0.103
3.136 -1.734 -3.634

Panel C (D/P)
Row Ace Ak As y o'a RMSE R?
1 0.651 -0.103 -0.040 14.907 8.043 0.175 0.922
3.253 3.253 0.530
2 0.657 -0.023 -0.105
3.282 -1.720 -3.794

Panel D (SBV25+E/P+CF/P+D/P)
Row Agr A Ag y aoI'a RMSE R’
1 0.608 -0.103 -0.040 13.936 33.505 0.238 0.895
4.232 4.232 0.987
2 0.614 -0.026 -0.099
4.272 -2.688 -4.984
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Table IX

ICAPM with bond risk premia: Estimating factor risk prices with alternative
bond returns

This table reports the estimation and evaluation results of the ICAPM presented in sub-section
I1.D,

2
E(ri,t+1_rf,t+1) +67i= YOO; cp—®0iK—CiB

using alternative bond returns. The bond returns are the corporate bond AAA average (Panel A),
corporate bond BAA average (Panel B), and an equal weighted portfolio of 3, 5 and 10 year
maturity Treasury bonds (Panel C). There are 3 sets of test assets - the 25 size/book-to-market
portfolios (SBV25); the combination of these with 38 industry portfolios (SBV25+IND38), and
the combination of SBV25 with 30 characteristic portfolios (SBV25+E/P+CF/P+D/P). Each
panel reports the risk prices for both single regression betas (rows 1, 3, 5) and multiple
regression betas (rows 2, 4, 6), arising from second stage GMM estimation (GMM |1 system).
Acr, Ak and Ag denote the beta risk prices estimates for the cash-flow news, equity premia news
and bond premia news, respectively. y denotes the relative risk aversion coefficient. Below the
parameter estimates are reported the associated Newey-West t-statistics calculated with 5 lags.
Test values (first row) and respective p-values (second row) for the asymptotic y? test are
presented for each GMM estimation. RMSE is the square root of the average pricing error (in
%). R? refers to the cross sectional adjusted R2. The sample is 1954:08-2003:12. Italic,
underlined and bold numbers denote statistical significance at the 10%, 5% and 1% levels
respectively. The beta risk prices (1) are reported in %. For further details, refer to Section II.

Panel A (AAA)
Row Acr Ak Ag y oZ'a RMSE R?

SBV25
1 0.489 -0.097 -0.027 11.484 33.644 0.305 0.850
2,709 2,709 0.091

2 0.493 -0.019 -0.080
2.731 -0.924 -3.126

SBV25 + IND38

3 0.455 -0.097 -0.027 10.700 60.523 0.259 0.866
3.093 3.093 0.350

4 0.459 -0.023 -0.075
3.119 -1.359 -3.604

SBV25+E/P+CF/P+D/P
5 0.633 -0.097 -0.027 14.865 33.002 0.231 0.900
4.143 4143 0.989

6 0.636 -0.003 -0.100
4.167 -0.149 -4.635
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Panel B (BAA)

Row Ace A Ag y of'a RMSE R°

SBV25

1 0.480 -0.091 -0.021 11.247 34530 0.304 0.851
2.681 2.681 0.076

2 0485 -0.033 -0.077
2.708 -2.105 -3.031

SBV25 + IND38

3 0438 -0.091 -0.021 10.275 60.806 0.262 0.862
2.996 2.996 0.341

4 0.443 -0.036 -0.071
3.030 -2.857 -3.424

SBV25+E/P+CF/P+D/P

5 0617 -0.091 -0.021 14.458 33.309 0.232 0.900
4.039 4.039 0.988

6  0.622 -0.021 -0.096
4.071 -1.569 -4.449

Panel C (GB)

Row Ace Ac  Ag y oZ'a RMSE R’

SBV25

1 0.498 -0.090 -0.013 11536 34.334 0.305 0.850
2.752 2.752  0.079

2 0501 -0.034 -0.064
2.771 -2.109 -2.983

SBV25 + IND38

3 0.456 -0.090 -0.013 10.566 60.879 0.261 0.864
3.083 3.083 0.338

4 0.460 -0.038 -0.059
3.106 -2.863 -3.365

SBV25+E/P+CF/P+D/P

5 0631 -0.090 -0.013 14.615 33.517 0.234 0.898
4117 4117 0.987

6  0.634 -0.022 -0.080
4.140 -1.624 -4.390
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Table X

ICAPM with bond risk premia: Estimating factor risk prices with time-varying
covariances

This table reports the estimation and evaluation results of the ICAPM with time-varying
covariances presented in sub-section 11.G,

o?
E(rig1—Tie1) +5-= Y00; cp—00ik—0bkoiKx—0iz—bBoiBx

The scaling variables are the market dividend yield (DY), smoothed log earnings yield (EY*)
and default spread (DEF). Panels A, B and C present the results from first stage GMM, whereas
Panels D, E and F show the results from second stage GMM. There are 2 sets of test assets - the
25 size/book-to-market portfolios (SBV25) and the combination of these with 38 industry
portfolios (SBV25+IND38). Each panel from A to C reports the risk prices for single regression
betas in the first row, and the associated Newey-West t-statistics (with 5 lags) arising from
GMM | and Il standard errors in the second and third row, respectively. Acr, Ak, As, Akx and
Aex denote the beta risk prices estimates for the cash-flow news, equity premia news, bond
premia news, and the scaled factors, respectively. y denotes the relative risk aversion coefficient.
In panels D to F, the first two rows show the efficient parameter estimates and the associated
Newey-West t-statistics (with 5 lags) arising from system GMM I, whereas the following two
rows report the results for the GMM 11 system. Test values (first row) and respective p-values
(second row) for the asymptotic y? test are presented for each GMM estimation. RMSE is the
square root of the average pricing error (in %). R? refers to the cross sectional adjusted R?. The
sample is 1954:08-2003:12. Italic, underlined and bold numbers denote statistical significance at
the 10%, 5% and 1% levels respectively. The beta risk prices (1) are reported in %. For further
details, refer to Section I1.
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Panel A (DY)

Ace A As Aoy Aepy Y by bg oz’a RMSE R’
SBV25

0.590 -0.103 -0.040 -0.031 -0.009 13.519 2312.776 1975.638 20.276 0.223 0.913
2.513 -2.816 -1.591 2.513 2.816 1.591 0.566

1.822 -1.784 -1.215 1.822 1.784 1.215

SBV25 + IND38

0.533 -0.103 -0.040 -0.009 -0.002 12.214 689.795 485.824 58.309 0.226 0.894
2.441 -1.576 -0.339 2.441 1.576 0.339 0.355

2.213 -1.530 -0.318 2.213 1.530 0.318

Panel B (EY")

Aer A A Akey Aeey ¥ by bg oa'Z'a RMSE R’
SBV25

1.000 -0.103 -0.040 -1.081 0.290 22.913 49.054 -32.524 19.640 0.223 0.913
3.207 -2.121 0.938 3.207 2.121 -0.938 0.606

1.968 -1.186 0.616 1.968 1.186 -0.616

SBV25 + IND38

0.513 -0.103 -0.040 -0.363 -0.110 11.753 16.445 12.364 60.130 0.227 0.893
2.253 -1.499 -0.442 2.253 1.499 0.442 0.295

2.048 -1.449 -0.426 2.048 1.449 0.426

Panel C (DEF)

Ace L As  Axper  Asper Y by bg o's'a RMSE_ R’
SBV25

1.356 -0.103 -0.040 0.013 0.016 31.068 -6814.873 -12370.164 16.682 0.249 0.891
3.821 2.337 2.934 3.821 -2.337 -2.934 0.781

2.152 1.187 1.697 2.152 -1.187 -1.697

SBV25 + IND38

0.547 -0.103 -0.040 0.001 0.000 12.533 -546.407 12.181 56.428 0.237 0.883
2.695 0.227 -0.006 2.695 -0.227 0.006 0.421

2.368 0.207 -0.005 2.368 -0.207 0.005
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Panel D (DY, efficient GMM)

Aer A As Aoy Asy ¥ by bg o's’a RMSE R’
SBV25

0.461 -0.103 -0.040 -0.017 -0.006 10.551 1262.218 1279.552 23.660 0.262 0.879
2.392 -2.520 -1.382 2.392 2.520 1.382 0.365

0.317 -0.103 -0.040 -0.020 -0.010 7.266 1524.091 2255.709 30.631 0.279 0.863
1.277 -2.236 -2.094 1.277 2.236 2.094 0.104

SBV25 + IND38

0.435 -0.103 -0.040 -0.007 -0.002 9.974 538.177 423.450 65.278 0.247 0.873
2.903 -2.409 -0.705 2.903 2.409 0.705 0.162

0.390 -0.103 -0.040 -0.008 -0.003 8.937 579.780 616.666 59.926 0.257 0.863
2.504 -2.433 -1.074 2.504 2.433 1.074 0.302

Panel E (EY*, efficient GMM)

Aer A As Akey Asey ¥ by bg o'z’a RMSE R’
SBV25

0.579 -0.103 -0.040 -0.432 0.019 13.257 19.611 -2.095 24.342 0.276 0.866
2.779 -1.569 0.096 2.779 1.569 -0.096 0.330

0.251 -0.103 -0.040 -0.548 -0.300 5.743 24.850 33.675 26.636 0.364 0.768
0.785 -1.447 -1.197 0.785 1.447 1.197 0.225
SBV25 + IND38

0.394 -0.103 -0.040 -0.258 -0.126 9.019 11.697 14.153 65.693 0.249 0.871
2.634 -1.953 -1.129 2.634 1.953 1.129 0.153

0.335 -0.103 -0.040 -0.273 -0.156 7.666 12.405 17.473 61.144 0.270 0.849
2.107 -1.962 -1.473 2.107 1.962 1.473 0.265

Panel F (DEF, efficient GMM)

Ace A As Akper_ Asper \4 by bg or’a RMSE R’
SBV25

0.795 -0.103 -0.040 0.011 0.007 18.209 -5625.731 -5227.675 25.467 0.313 0.828
3.795 4169 2.158 3.795 -4.169 -2.158 0.275

0.364 -0.103 -0.040 0.009 0.001 8.336 -4730.567 -744.737 14.510 0.460 0.629
1.016 1.647 0.170 1.016 -1.647 -0.170 0.882
SBV25 + IND38

0.434 -0.103 -0.040 0.002 0.000 9.942 -1106.425 -73.308 64.943 0.272 0.846
3.125 1.113 0.062 3.125 -1.113 -0.062 0.169

0.402 -0.103 -0.040 0.003 0.000 9.218 -1290.482 -70.220 59.705 0.292 0.823
2.680 1.224 0.060 2.680 -1.224 -0.060 0.309
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Table XI

ICAPM with news in variances

This table reports the estimation and evaluation results for the ICAPM with news in variances
presented in Section I,

o2
E(ri,t+1_rfvt+1) +5= “{OJGLCF—(DGLK—GLB'*‘O- 592(6026i,Vm +(1- 60)2(7i,Vb) 1

2
E(ri g T1) +67‘: '\{(DGiYCF—(DGi,K—Gi,B-i-O.5920)26i,Vm (2)

Panels A and B present the results for model (1) from first and second stage GMM,
respectively, whereas Panels C and D show the results for model (2), from first and second
stage GMM, respectively. There are 3 sets of test assets - the 25 size/book-to-market portfolios
(SBV25); the combination of these with 38 industry portfolios (SBV25+IND38), and the
combination of SBV25 with 30 characteristic portfolios (SBV25+E/P+CF/P+D/P). Panels A and
C report the risk prices for single regression betas in the first row, and the associated
Newey-West t-statistics (with 5 lags) arising from GMM 1 and 1l standard errors in the second
and third rows, respectively. In panels B and D, the first two rows show the efficient parameter
estimates and the associated Newey-West t-statistics (with 5 lags) arising from system GMM |,
whereas the following two rows report the results for the GMM Il system. Acr, Ak and Ag
denote the beta risk prices estimates for the cash-flow news, equity premia news and bond
premia news, respectively. Aym and Avg denote the risk prices associated with news in the
volatilities of stock and bond returns. Ay represents the common component of both Aym and
Avs, and it is estimated in the cross-section. y denotes the relative risk aversion coefficient. Test
values (first row) and respective p-values (second row) for the asymptotic y? test are presented
for each GMM estimation. RMSE is the square root of the average pricing error (in %). R?
refers to the cross sectional adjusted R?. The sample is 1954:08-2003:12. ltalic, underlined and
bold numbers denote statistical significance at the 10%, 5% and 1% levels respectively. The beta
risk prices (A) are reported in %. For further details, refer to Section IlI.
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Panel A (first stage GMM)

Aer Ak Ae Am Aw Y Ay oZ'a RMSE R’
SBV25

0.376 -0.103 -0.040 0.108 0.023  8.612 273.837 32.690 0.270 0.877
1.776 0.979 0979 1.776  0.979 0.087

1516 0795 0795 1516  0.795

SBV25 + IND38

0.658 -0.103 -0.040 -0.051 -0.011 15.076 -129.887 59.134 0.236 0.886
3.333 -0.744 -0.744  3.333 -0.744 0.362

3.014 -0.682 -0.682  3.014  -0.682
SBV25+E/P+CF/P+D/P

0.680 -0.103 -0.040 -0.042 -0.009 15.586 -106.409 31.770 0.237 0.894
3.194 -0.446 -0.446  3.194 -0.446 0.991

2.886 -0.416 -0.416  2.886  -0.416

Panel B (second stage GMM)

Aer A Ae Am Aw v Ay oZ'a RMSE R’
SBV25

0.397 -0.103 -0.040 0.047 0.010 9.089 120.499 22.891 0.295 0.854
2.378 1.092 1.092 2378 1.092 0.467

0.413 -0.103 -0.040 0.040 0.008  9.454 101.178 27.396 0.295 0.854
2.061 0.534 0534 2.061  0.534 0.239
SBV25 + IND38

0.531 -0.103 -0.040 -0.041 -0.009 12.162 -103.717 64.837 0.261 0.861
3.768 -1.445 -1.445  3.768 -1.445 0.196

0.544 -0.103 -0.040 -0.051 -0.011 12.459 -128.747 59.781 0.265 0.856
3.632 -1.753 -1.753  3.632  -1.753 0.340
SBV25+E/P+CF/P+D/P

0.679 -0.103 -0.040 -0.036 -0.008 15.550 -92.265 38.003 0.237 0.893
4.898 -1.104 -1.104  4.898 -1.104 0.940

0.697 -0.103 -0.040 -0.057 -0.012 15.972 -144.725 33.126 0.237 0.893
4.475 -1.728 -1.728  4.475 -1.728 0.985
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Panel C (first stage GMM)

Aer Ak Ae A Y Ay oaz'a RMSE R’
SBV25

0.386 -0.103 -0.040 0.106 8.830 269.291 31.025 0.270 0.878
1.895 2291 1.895 2291  0.122

1.155 0.943 1.155  0.943

SBV25 + IND38

0.669 -0.103 -0.040 -0.056 15.332 -141.175 59.078 0.236 0.887
3.183 -1.093 3.183 -1.093  0.364

2.856 -0.985 2.856  -0.985

SBV25+E/P+CF/P+D/P

0.694 -0.103 -0.040 -0.048 15.896 -122.179 31.812 0.237 0.894
3.408 -1.258 3.408 -1.258  0.991

2.946 -1.063  2.946  -1.063

Panel D (second stage GMM)

Aer A Ae A v Ay az'a RMSE R’
SBV25

0.404 -0.103 -0.040 0.045 9.247 114.916 23.280 0.295 0.854
2.486 1275 2486 1275  0.444

0.423 -0.103 -0.040 0.034 9.686 87.487 35080 0.297 0.852
2.112 0491 2112 0491  0.051
SBV25 + IND38

0.540 -0.103 -0.040 -0.045 12.378 -113.038 64.538 0.260 0.862
3.894 -1.997 3.894 -1.997  0.203

0.562 -0.103 -0.040 -0.059 12.880 -149.446 59.704 0.266 0.856
3.774 2161 3.774 -2.161  0.343
SBV25+E/P+CF/P+D/P

0.681 -0.103 -0.040 -0.036 15.601 -90.926 37.987 0.237 0.893
5.014 -1.336 5.014 -1.336  0.940

0.709 -0.103 -0.040 -0.063 16.237 -159.446 33.236 0.237 0.893
4.537 2111 4537 2111  0.985
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Table XII

An unrestricted ICAPM with bond risk premia

This table reports the estimation and evaluation results for the unrestricted ICAPM presented in
Section 1lI,

2
E(r,1—Trt1) +5= beroicr+bkoik+beois

Panels A and B present the results from first and second stage GMM, respectively. There are 3
sets of test assets - the 25 size/book-to-market portfolios (SBV25); the combination of these with
38 industry portfolios (SBV25+IND38), and the combination of SBV25 with 30 characteristic
portfolios (SBV25+E/P+CF/P+D/P). Panel A reports the risk prices for single regression betas in
the first row, and the associated Newey-West t-statistics (with 5 lags) arising from GMM 1| and
Il standard errors in the second and third rows, respectively. In panel B, the first two rows show
the efficient parameter estimates and the associated Newey-West t-statistics (with 5 lags) arising
from system GMM I, whereas the following two rows report the results for the GMM 11 system.
Acrk, Ak and Ag denote the beta risk prices estimates for the cash-flow news, equity premia news
and bond premia news, respectively. y denotes the relative risk aversion coefficient. ¢1 and ¢»
represent the implied preference parameters, which are derived in Section Ill. Test values (first
row) and respective p-values (second row) for the asymptotic y? test are presented for each
GMM estimation. RMSE is the square root of the average pricing error (in %). R? refers to the
cross sectional adjusted R2. The sample is 1954:08-2003:12. Italic, underlined and bold numbers
denote statistical significance at the 10%, 5% and 1% levels respectively. The beta risk prices
(A) are reported in %. For further details, refer to Section IlI.

Panel A (first stage GMM)

Ace A As bee by bg Y ®, ® oI'a RMSE R’

SBV25

2.356 1.596 1.970 37.775 10.864 48.796 53.964 -0.031 -0.241 19.742 0.233 0.905

4135 2.638 2.862 4.135 2.638 2.862 4.135 -4.897 -3.121 0.599
2.673 1.701 1.907 2.673 1.701 1.907 2.673 -2.889 -2.014

SBV25 + IND38

0.467 -0.103 -0.321 7.485 -0.700 -7.947 10.693 0.000 0.239 59.168 0.233 0.887

1.309 -0.205 -1.059 1.309 -0.205 -1.059 1.309 0.000 0.701 0.326
1.248 -0.190 -1.018 1.248 -0.190 -1.018 1.248 0.000 0.679

SBV25+E/P+CF/P+D/P

2.390 1.801 1.623 38.315 12.257 40.208 54.735 -0.034 -0.175 23.668 0.192 0.929

4.747 3.079 3.368 4.747 3.079 3.368 4.747 -6.079 -2.989 1.000
3.165 2.013 2.342 3.165 2.013 2.342 3.165 -3.654 -1.975
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Panel B (second stage GMM)

Ace Ak As bce

by

bg

a'T'a RMSE

SBV25

1.396 0.703 1.088 22.385
3.821 1563 2976 3.821
1.311 0.747 0.693 21.022
2.315 1.115 1.328 2.315

4.786
1.563
5.081
1.115

26.955
2.976
17.154
1.328

31.979
3.821
30.032
2.315

-0.025
-2.737
-0.028
-1.989

-0.242
-2.763
-0.142
-1.111

26.874
0.216
20.493
0.552

0.261

0.268

0.880

0.874

SBV25 + IND38

0.263 -0.367 -0.245 4.223
1.246 -1.223 -1.379 1.246
0.325 -0.263 -0.234 5.214
1.500 -0.844 -1.270 1.500

-2.497
-1.223
-1.790
-0.844

-6.069
-1.379
-5.802
-1.270

6.032
1.246
7.448
1.500

0.051
0.508
0.024
0.389

0.217
0.603
0.192
0.694

66.754
0.133
61.836
0.245

0.239

0.241

0.881

0.879

SBV25+E/P+CF/P+D/P

1.727 0.982 1.243 27.685
7.098 3.029 6.038 7.098
1.332 0.350 0.852 21.359
3.395 0.750 2.789 3.395

6.685
3.029
2.383
0.750

30.792
6.038
21.105
2.789

39.550
7.098
30.512
3.395

-0.027
-5.031
-0.015
-1.234

-0.211
-4.947
-0.215
-2.886

46.648
0.684
26.189
0.999

0.203

0.281

0.920

0.847
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Table XII1

ICAPM with revisions in the VAR state variables

This table reports the estimation and evaluation results for the ICAPM with revisions in the
VAR state variables, presented in Section |11,

2
E(ri’”l—rf'prl) +67i= YOO, g—®GCiK—GiB+YyOiy

The state variables used are FFPREM (Panel A), TERM (Panel B), VS (Panel C), EY (Panel D)
and the real interest rate (Panel E). There are 3 sets of test assets - the 25 size/book-to-market
portfolios (SBV25); the combination of these with 38 industry portfolios (SBV25+IND38), and
the combination of SBV25 with 30 characteristic portfolios (SBV25+E/P+CF/P+D/P). In each
panel, the first two rows show the efficient parameter estimates and the associated Newey-West
t-statistics (with 5 lags) arising from system GMM |, whereas the following two rows report the
results for the GMM Il system. Ack, Ak, As and Ay denote the beta risk prices estimates for the
cash-flow news, equity premia news, bond premia news and state variable news, respectively. y
denotes the relative risk aversion coefficient. ¢ represents the implied preference parameter,
which is derived in Section Ill. Test values (first row) and respective p-values (second row) for
the asymptotic y? test are presented for each GMM estimation. RMSE is the square root of the
average pricing error (in %). R? refers to the cross sectional adjusted R?. The sample is
1954:08-2003:12. Italic, underlined and bold numbers denote statistical significance at the 10%,
5% and 1% levels respectively. The beta risk prices (A) are reported in %. For further details,
refer to Section I1I.

Panel A (FFPREM)

A A As Ay v Yy ® oX'a RMSE R’
SBV25

0.653 -0.103 -0.040 0.448 14.964 3.393 -0.0243 25931 0.290 0.859
3.049 0.759 3.049 0.759 -0.9096 0.304

0.644 -0.103 -0.040 0.364 14.753 2.757 -0.0200 33.655 0.283 0.865
2.573 0551 2573 0.551 -0.6398 0.070

SBV25 + IND38
0.402 -0.103 -0.040 -0.163 9.211 -1.232 0.0150 64.794 0.255 0.867

2.614 -0.442 2.614 -0.442 0.3989 0.197

0.412 -0.103 -0.040 -0.015 9.438 -0.117 0.0014 61.537 0.272 0.850
2.483 -0.041 2.483 -0.041 0.0404 0.285
SBV25+E/P+CF/P+D/P

0.873 -0.103 -0.040 0.901 19.992 6.823 -0.0359 38.643 0.231 0.899
5.231 2.190 5.231 2.190 -2.7183 0.930

0.929 -0.103 -0.040 0.945 21.273 7.158 -0.0353 35.256 0.236 0.894
4.683 1.973 4.683 1.973 -2.4614 0.971
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Panel B (TERM)

Ar A As Ay Y Yy ® oI'a RMSE R
SBV25

0.528 -0.103 -0.040 -2.385 12.102 -6.208 0.0559 26.082 0.281 0.867
3.458 -2.488 3.458 -2.488 1.9509 0.297

0.549 -0.103 -0.040 -2.775 12.574 -7.225 0.0624 35.446 0.273 0.875
2.673 2132 2.673 -2.132 1.6508 0.047
SBV25 + IND38

0.440 -0.103 -0.040 -0.795 10.070 -2.070 0.0228 65.661 0.261 0.862
3.315 -1.373 3.315 -1.373 1.2191 0.177

0.443 -0.103 -0.040 -0.857 10.146 -2.232 0.0244 62.099 0.259 0.863
3.017 -1.367 3.017 -1.367 1.2242 0.268
SBV25+E/P+CF/P+D/P

0.462 -0.360 0.136 -2.633 14.101 -7.407 0.0565 36.094 0.221 0.907
4.694 4552 4.694 -4.552 3.1378 0.963

0.645 -0.103 -0.040 -3.223 14.768 -8.390 0.0609 33.554 0.224 0.904
4.165 -4.283 4.165 -4.283 3.0764 0.983
Panel C (VS)

Ar M A Ay v Vv ® oX'a RMSE R’
SBV25

0.888 -0.103 -0.040 -23.129 20.346 -0.177 0.0009 24.653 0.300 0.849
4.350 -2.423 4350 -2.423 3.2092 0.368

0.955 -0.103 -0.040 -29.107 21.864 -0.223 0.0011 29.594 0.336 0.811
3.811 2465 3.811 -2.465 3.3263 0.161
SBV25 + IND38

0.574 -0.103 -0.040 -7.143 13.1561 -0.055 0.0004 65.812 0.256 0.866
3.694 -0.974 3.694 -0.974 1.0992 0.174

0.621 -0.103 -0.040 -12.373 14.218 -0.095 0.0007 60.798 0.282 0.839
3.590 -1.462 3.590 -1.462 1.7082 0.307
SBV25+E/P+CF/P+D/P

1.038 -0.103 -0.040 -26.463 23.783 -0.202 0.0009 40.004 0.202 0.923
6.364 3421 6.364 -3.421 4.2469 0.906

1.115 -0.103 -0.040 -30.395 25.528 -0.232 0.0009 29.330 0.201 0.924
5.607 -3.025 5.607 -3.025 3.9548 0.997
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Panel D (EY)

Ar A Mg Ay Y Yy ® oI'a RMSE R’
SBV25

0.880 -0.103 -0.040 63.037 20.163 0.046 -0.0002 25.407 0.289 0.860
3.516 1.622 3.516 1.622 -2.3720 0.330

0.913 -0.103 -0.040 70.196 20.905 0.052 -0.0003 30.500 0.295 0.854
2.948 1.470 2.948 1.470 -2.2041 0.136
SBV25 + IND38

0.494 -0.103 -0.040 5449 11.316 0.004 0.0000 65.168 0.252 0.871
2.805 0.194 2.805 0.194 -0.2034 0.188

0.548 -0.103 -0.040 21.438 12.544 0.016 -0.0001 62.272 0.271 0.850
2.869 0.696 2.869 0.696 -0.8141 0.263
SBV25+E/P+CF/P+D/P

1.126 -0.103 -0.040 90.422 25.792 0.067 -0.0003 39.122 0.211 0.916
5.902 3.020 5.902 3.029 -4.2411 0.922

1.188 -0.103 -0.040 94.736 27.213 0.070 -0.0003 31.339 0.212 0.915
4.883 2420 4.883 2.420 -3.4855 0.992

Panel E (r,)

Ae A As Ay v Vv ® oI'a RMSE R’
SBV25

0.416 -0.103 -0.040 -6.398 9.534 -10.662 0.1249 13.798 0.196 0.935
2.743 -4.695 2743 -4.695 22176 0.933

0.298 -0.103 -0.040 -6.043 6.816 -10.069 0.1731 22.392 0.284 0.864
1.095 -2.836  1.095 -2.836 0.9204 0.497
SBV25 + IND38

0.406 -0.103 -0.040 -3.680 9.308 -6.131 0.0738 61.338 0.218 0.903
3.058 -5.444 3.058 -5.444 26048 0.291

0.374 -0.103 -0.040 -3.218 8571 -5.362 0.0708 56.035 0.238 0.885
2.419 3.726 2419 -3.726 2.2826 0.474
SBV25+E/P+CF/P+D/P

0.516 -0.103 -0.040 -7.040 11.822 -11.731 0.1084 37.676 0.165 0.948
3.849 7.602 3.849 -7.602 3.3065 0.945

0.451 -0.103 -0.040 -5.474 10.323 -9.122 0.0978 28.781 0.177 0.941
2.112 -3.932 2112 -3.932 1.8244 0.997
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Table X1V

ICAPM with time-varying risk aversion: dividend yield

This table reports the estimation and evaluation results for the ICAPM with risk aversion scaled
by the dividend yield, presented in Section IV,

2
E(r1—T1t1) +5-= ¥o0Ci,CF+Y, 00| CFDY—®Gi K—Ci,8

There are 3 sets of test assets - the 25 size/book-to-market portfolios (SBV25); the combination
of these with 38 industry portfolios (SBV25+IND38), and the combination of SBV25 with 30
characteristic portfolios (SBV25+E/P+CF/P+D/P). Panel A reports the risk prices for single
regression betas in the first row, and the associated Newey-West t-statistics (with 5 lags) arising
from GMM 1 and Il standard errors in the second and third rows, respectively. In Panel B, the
first two rows show the efficient parameter estimates and the associated Newey-West t-statistics
(with 5 lags) arising from system GMM I, whereas the following two rows report the results for
the GMM |1 system. Ack, Ak and A denote the beta risk prices estimates for the cash-flow
news, equity premia news and bond premia news, respectively. Acrpy denote the risk prices
associated with the scaled factor related with time-varying risk aversion. yo and y 1 represent the
coefficients in the equation that governs time-varying risk aversion, y. Test values (first row)
and respective p-values (second row) for the asymptotic y? test are presented for each GMM
estimation. RMSE is the square root of the average pricing error (in %). R? refers to the cross
sectional adjusted R?. The sample is 1954:08-2003:12. Italic, underlined and bold numbers
denote statistical significance at the 10%, 5% and 1% levels respectively. The beta risk prices
(A) are reported in %. For further details, refer to Section IV.
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Panel A (first stage GMM)

Ack Acroy Ak As Yo Y1 o'f'a RMSE R’
SBV25

0.497 0.041 -0.103 -0.040 11.393 6356.789 19.612 0.161 0.956
2.404 4.537 2.404 4.537 0.665

0.947 2.181 0.947 2.181
SBV25 + IND38

0.510 0.011 -0.103 -0.040 11.675 1741.624 57.979 0.216 0.905
2.599 2.398 2.599 2.398 0.402

2.095 2.444 2.095 2.444
SBV25+E/P+CF/P+D/P

0.485 0.035 -0.103 -0.040 11.107 5385.066 29.548 0.172 0.944
2.537 3.948 2.537 3.948 0.996

1.092 2.195 1.092 2.195
Panel B (second stage GMM)

Ace  Acroy Ak As Yo Y1 o's’a RMSE R’
SBV25

0.447 0.020 -0.103 -0.040 10.229 3155.084 12.947 0.226 0.914
2.940 4.180 2.940 4.180 0.953

0.497 0.018 -0.103 -0.040 11.376 2758.160 20.329 0.215 0.923
1.331 1.897 1.331 1.897 0.622
SBV25 + IND38

0.431 0.009 -0.103 -0.040 9.864 1364.577 62.704 0.235 0.887
3.214 4.052 3.214 4.052 0.251

0.362 0.009 -0.103 -0.040 8.290 1414.609 54.946 0.271 0.850
2.248 3.949 2.248 3.949 0.515
SBV25+E/P+CF/P+D/P

0.540 0.021 -0.103 -0.040 12.367 3204.052 39.211 0.185 0.935
4101 6.382 4.101 6.382 0.921

0.568 0.019 -0.103 -0.040 13.003 2952.445 27.018 0.191 0.931
2.106 3.388 2.106 3.388 0.999
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Table XV

ICAPM with time-varying risk aversion: bond premia

This table reports the estimation and evaluation results for the ICAPM with risk aversion scaled
by bond premia news, presented in Section IV,

2
E(Ni41T1ti1) +5= Yo©0iCF+Y, 00 cFB—00iK—0ig

There are 3 sets of test assets - the 25 size/book-to-market portfolios (SBV25); the combination
of these with 38 industry portfolios (SBV25+IND38), and the combination of SBV25 with 30
characteristic portfolios (SBV25+E/P+CF/P+D/P). Panel A reports the risk prices for single
regression betas in the first row, and the associated Newey-West t-statistics (with 5 lags) arising
from GMM 1 and Il standard errors in the second and third rows, respectively. In Panel B, the
first two rows show the efficient parameter estimates and the associated Newey-West t-statistics
(with 5 lags) arising from system GMM I, whereas the following two rows report the results for
the GMM |1 system. Ack, Ak and A denote the beta risk prices estimates for the cash-flow
news, equity premia news and bond premia news, respectively. Acrs denote the risk prices
associated with the scaled factor related with time-varying risk aversion. yo and y 1 represent the
coefficients in the equation that governs time-varying risk aversion, y. Test values (first row)
and respective p-values (second row) for the asymptotic y? test are presented for each GMM
estimation. RMSE is the square root of the average pricing error (in %). R? refers to the cross
sectional adjusted R?. The sample is 1954:08-2003:12. Italic, underlined and bold numbers
denote statistical significance at the 10%, 5% and 1% levels respectively. The beta risk prices
(A) are reported in %. For further details, refer to Section IV.
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Panel A (first stage GMM)

Aee  Acrs A Ag Yo Y1 o's’a RMSE_ R’
SBV25
-0.042 -0.103 -0.103 -0.040 -0.970 -3914.383 17.230 0.228 0.912
-0.133 -3.193 -0.133 -3.193 0.798
-0.047 -1.786 -0.047 -1.786
SBV25 + IND38
0.481 -0.009 -0.103 -0.040 11.020 -343.453 61.770 0.237 0.886
1.970 -0.558 1.970 -0.558 0.278
1.747 -0.533 1.747 -0.533
SBV25+E/P+CF/P+D/P
0.240 -0.056 -0.103 -0.040 5.493 -2101.218 26.543 0.226 0.903
0.972 -2.831 0.972 -2.831 0.999
0.536 -2.022 0.536 -2.022
Panel B (second stage GMM)
Ace  Acre A« As Yo Y1 o't’a RMSE R
SBV25
0.209 -0.046 -0.103 -0.040 4.792 -1739.749 39.237 0.270 0.878
1.266 -3.559 1.266 -3.559 0.019
0.351 -0.027 -0.103 -0.040 8.043 -1008.154 19.212 0.271 0.877
0.963 -1.147 0.963 -1.147 0.689
SBV25 + IND38
0.373 -0.010 -0.103 -0.040 8.552 -378.405 65.768 0.260 0.862
2.693 -1.644 2.693 -1.644 0.175
0.358 -0.007 -0.103 -0.040 8.204 -275.545 62.063 0.277 0.844
2.373 -1.100 2.373 -1.100 0.269
SBV25+E/P+CF/P+D/P
0.388 -0.035 -0.103 -0.040 8.880 -1326.214 39.531 0.228 0.901
2.785 -4.685 2.785 -4.685 0.915
0.347 -0.038 -0.103 -0.040 7.958 -1437.906 27.555 0.227 0.902
1.683 -3.576 1.683 -3.576 0.999
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Table XVI

An unrestricted ICAPM with time-varying risk aversion

This table reports the estimation and evaluation results for the unrestricted ICAPM with
time-varying risk aversion presented in Section IV,

2
o
E(riy1—Tte1) +—-= beroicr+berpyoicroy+bkoik+becis

2
E(ri1—Tits1) +5= beroicr+berecicratbioik+becis

Panels A and B present the results from first stage GMM, for dividend yield and bond premia,
respectively, whereas Panels C and D report the second stage GMM estimation results. There are
3 sets of test assets - the 25 size/book-to-market portfolios (SBV25); the combination of these
with 38 industry portfolios (SBV25+IND38), and the combination of SBV25 with 30
characteristic portfolios (SBV25+E/P+CF/P+D/P). Panels A and B report the covariance risk
prices and the associated Newey-West t-statistics (with 5 lags) arising from GMM | and Il
standard errors in the second and third rows, respectively. In Panels C and D, the first two rows
show the efficient parameter estimates and the associated Newey-West t-statistics (with 5 lags)
arising from system GMM |, whereas the following two rows report the results for the GMM |1
system. yo and y1 represent the coefficients in the equation that governs time-varying risk
aversion, y:. Test values (first row) and respective p-values (second row) for the asymptotic y?2
test are presented for each GMM estimation. RMSE is the square root of the average pricing
error (in %). R? refers to the cross sectional adjusted R?. The sample is 1954:08-2003:12. ltalic,
underlined and bold numbers denote statistical significance at the 10%, 5% and 1% levels
respectively. For further details, refer to Section IV.
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Panel A (DY, first stage GMM)

bce bcroy by bg Yo Y1 az’a RMSE R’
SBV25
18.360 4135.739 2.791 24.889 26.228 5908.198 20.682 0.152 0.957
2.553 4.827 0.747 1.742 2.553 4.827 0.478
1.372 2.610 0.411 0.952 1.372 2.610
SBV25 + IND38
7.220 1193.359 -0.661 -7.025 10.314 1704.799 57.190 0.212 0.905
1.272 2.329 -0.193 -0.925 1.272 2.329 0.358
1.133 2.378 -0.175 -0.839 1.133 2.378
SBV25+E/P+CF/P+D/P
26.536 3284.674 6.585 34.303 37.908 4692.391 29.983 0.149 0.956
4.142 4.073 1.842 3.143 4.142 4.073 0.992
2.535 2455 1.193 1.745 2.535 2.455
Panel B (bond premia, first stage GMM)
bee  bes by by yg yi __oZ'a RMSE R
SBV25
17.939 -2227.003 5.301 37.663 25.627 -3181.432 17.118 0.214 0.916
2.192 -3.877 1.361 2.329 2.192 -3.877 0.704
0.930 -1.154 0.495 1.193 0.930 -1.154
SBV25 + IND38
3.789 -404.998 -1.708 -10.308 5.413 -578.569 62.982 0.231 0.887
0.716 -1.096 -0.533 -1.408 0.716 -1.096 0.188
0.681 -0.986 -0.481 -1.377 0.681 -0.986
SBV25+E/P+CF/P+D/P
34.444 -535.075 11.381 38.095 49.205 -764.392 23.352 0.190 0.929
4.280 -1.688 2939 3.135 4.280 -1.688 1.000
2.954 -0.797 1.826 2.261 2.954 -0.797
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Panel C (DY, second stage GMM)

bee by bk bs Vo vi__ aZ'a RMSE R’
SBV25
14.010 2187.604 1.220 17.816 20.014 3125.148 15.624 0.204 0.923
2.448 3.996 0.407 1.871 2.448 3.996 0.790
20.947 2594.248 5.820 23.370 29.924 3706.068 22.190 0.259 0.877
2.202 2.811 1114 1.820 2.202 2.811  0.389
SBV25 + IND38
4479 903.825 -2.273 -4.948 6.398 1291.179 64.731 0.219 0.898
1.249 3.632 -1.076 -1.076 1.249 3.632 0.150
4.084 978.958 -1.973 -4.830 5.834 1398.512 53.246 0.235 0.883
0.973 3.782 -0.852 -0.988 0.973 3.782 0.503
SBV25+E/P+CF/P+D/P
20.501 1913.187 3.229 27.071 29.287 2733.124 39.076 0.172 0.942
5.486 5.675 1.518 5.305 5.486 5.675 0.889
19.598 2302.496 1.518 24.479 27.997 3289.280 33.690 0.244 0.882
3.152 4.355 0.519 3.243 3.152 4.355 0.971
Panel D (bond premia, second stage GMM)
bce bces by bg Yo Y1 o'z’a RMSE R’
SBV25
14.180 -905.446 2.423 23.030 20.258 -1293.495 25.811 0.253 0.883
2.334 -2.634 0.797 2.469 2.334 -2.634 0.214
16.351 -714.665 0.526 13.016 23.359 -1020.951 18.537 0.407 0.695
1.476 -1.053 0.089 0.962 1.476 -1.0563 0.615
SBV25 + IND38
0.947 -389.052 -3.367 -8.146 1.353 -555.788 66.320 0.237 0.882
0.268 -2.382 -1.641 -1.825 0.268 -2.382 0.121
2110 -343.723 -2.151 -8.378 3.015 -491.033 63.120 0.253 0.865
0.563 -1.840 -0.944 -1.812 0.563 -1.840 0.185
SBV25+E/P+CF/P+D/P
25781 -231.336 6.162 30.162 36.830 -330.480 46.680 0.203 0.919
6.575 -1.187 2.815 5.744 6.575 -1.187 0.646
19.290 -495.299 1.467 19.575 27.557 -707.569 25.318 0.353 0.754
3.120 -1.852 0.458 2.722 3.120 -1.852  0.999
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Table XVII

Average pricing errors for book-to-market quintiles

This table reports In Panel A the square root of the average pricing error in % (RMSE), and the
cross sectional adjusted (R?), for several models. The models are the BBGB model in equation
(18); the CAPM and 2 beta CAPM with unrestricted risk prices of equations (66) and (67); the
ICAPM I, II, Il and 1V corresponding to equations (22), (44) and (49); the ICAPM V, VI, VII,
VIII and IX corresponding to equations (54), (58), (60), (61) and (62), respectively; and the
Fama-French 3 factor model (FF3). In Panel B are reported the average pricing errors across the
book-to-market quintiles. All the pricing errors are presented in percentage points. BV1 denote
the lowest book-to-market quintile. The sample is 1954:08-2003:12. For further details, refer to
section V of the paper.

Panel A
BBGB | 1l 1l \"/ \"/ Vi Vil VIl IX CAPM CAPM2 FF3
RMSE 0.273 0.272 0.223 0.223 0.233 0.146 0.161 0.228 0.152 0.214 0.290 0.287 0.137
x12 3.281 3.260 2.671 2.676 2.796 1.757 1.936 2.741 1.826 2.565 3.478 3.449 1.647
R? 0.880 0.881 0.913 0.913 0.905 0.964 0.956 0.912 0.957 0.916 0.865 0.867 0.967

Panel B
BBGB | 1l 1l \"/ \"/ Vi Vil VIl IX CAPM CAPM2 FF3
BV1 -0.396 -0.391 -0.172 -0.156 -0.229 -0.068 -0.102 -0.181 -0.083 -0.148 -0.427 -0.423 -0.026
BV2 -0.075 -0.074 -0.072 -0.095 -0.038 0.025 0.003 -0.142 0.007 -0.112 -0.073 -0.073 -0.010
Bv3 0.105 0.103 0.031 0.047 0.138 0.040 0.043 0.060 0.076 0.109 0.121 0.116 0.039
Bv4 0.233 0.231 0.108 0.153 0.180 0.072 0.059 0.205 0.069 0.199 0.263 0.258 0.057
BV5 0.240 0.236 0.149 0.099 0.025 -0.038 0.036 0.125 -0.028 0.019 0.284 0.282 -0.032
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Table XVIII

ICAPM with bond risk premia: Incorporating the UMD factor

This table reports the estimation and evaluation results for the ICAPM models presented in
Section V,

2
o
E(ri1—Tie) +5-= beroicrtbkoik+besig+bumpoiumo (1)
2
o
E(riy1—Tit1) +— = beroicrtberpyoicroy+bkoik+beoig+bumpoiumo  (2)

2
E(ri1—Tit1) +5-= beroicr+bersoicra+bkoik+besis+bumpoiump  (3)

Panels A, B and C present the results for models (1), (2) and (3), respectively. There are 3 sets of
test assets - the 25 size/book-to-market portfolios (SBV25); the combination of these with 38
industry portfolios (SBV25+IND38), and the combination of SBV25 with 30 characteristic
portfolios (SBV25+E/P+CF/P+D/P). In each panel are reported the covariance risk prices and
the associated Newey-West t-statistics (with 5 lags) arising from first stage GMM (first 2 rows)
and second stage GMM (following 2 rows), where the standard errors are from system GMM 1.
bump represent the covariance risk prices associated with the UMD factor. Test values (first
row) and respective p-values (second row) for the asymptotic y? test are presented for each
GMM estimation. The sample is 1954:08-2003:12. Italic, underlined and bold numbers denote
statistical significance at the 10%, 5% and 1% levels respectively. For further details, refer to
Section V.

Panel A (unrestricted ICAPM)
bce by bg buwp__ 'Z "

SBV25
6.345 -2.253 9.520 -21.829 33.991
0.696 -0.439 0.776 -2.863 0.036
15.959 3.717 11.467 -0.570 25.649
2.348 0.972 1.311 -0.118 0.220

SBV25 + IND38
5.091 -1.707 -9.159 -3.318 60.633
0.823 -0.463 -1.159 -0.882 0.249
4889 -1.882 -4.216 1.049 65.040
1.347 -0.866 -0.901 0.537 0.144

SBV25+E/P+CF/P+D/P

25.215 6.101 28.674 -10.453 34.473
3.686 1.443 3.334 -2.240 0.963
20.863 3.639 23.838 -4.460 42.987
5.469 1.652 4.801 -2.296 0.780
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Panel B (DY)

bee berpy by bg by 'Z'a
SBV25
36.823 5417.602 10.507 48.072 17.003 21.699
3.880 6.647 2.018 3.668 2.767 0.357
35.380 3221.370 12.325 36.755 20.165 16.118
4.668 5.263 2.989 3.593 4.365 0.709
SBV25 + IND38
5.600 1159.549 -1.346 -7.875 -2.255 61.138
0.899 2.349 -0.363 -0.983 -0.626 0.207
5419 808.514 -1.560 -3.153 1.711 63.648
1.433 3.205 -0.702 -0.655 0.880 0.150
SBV25+E/P+CF/P+D/P
21.430 2922.453 4.200 29.315 -5.111 37.834
3.195 4.717 0.992 3.384 -1.292 0.897
18.484 1657.116 2.454 23986 -1.275 38.271
4.831 5.059 1.115 4.746 -0.697 0.887
Panel C (bond premia)
bce bces by bg bymp o'za
SBV25
-4.319 -1810.367 -4.497 7.294 -18.036 36.763
-0.414 -3.781 -0.844 0.584 -2.540 0.012
13.246 -579.045 3.276 12.544 1.383 26.876
1.754 -1.719 0.831 1.347 0.293 0.139
SBV25 + IND38
1.735 -380.512 -2.605 -11.318 -3.157 60.688
0.286 -1.046 -0.734 -1.459 -0.846 0.218
2.144 -316.897 -2.633 -6.023 1.024 64.569
0.554 -1.898 -1.192 -1.255 0.518 0.132
SBV25+E/P+CF/P+D/P
18.138 -828.604 4.236 24.448 -11.316 35.472
2.600 -2.442 1.012 2.821 -2.367 0.940
17.192 -391.312 2.568 22.064 -4.906 42.964
4.406 -1.957 1.173 4.293 -2.491 0.749
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Figure 1

Average pricing errors: 25 size/book-to-market portfolios

This figure presents the average pricing errors (stated in percentage points) across the
book-to-market quintiles associated with the 25 size/book-to-market portfolios. Figure 1.A.
presents the BBGB model in equation (18), the CAPM and 2 beta CAPM with unrestricted risk
prices of equations (66) and (67), and the ICAPM 1, II, 11l and IV corresponding to equations
(22), (44) and (49). In figure 1.B. the ICAPM models are V, VI, VII, VIl and IX, corresponding
to equations (54), (58), (60), (61) and (62), respectively. Figures 1.C. and 1.D. are the same as
Figures 1.A. and 1.B. respectively, with the difference that the CAPM and 2 beta CAPM
models, are those derived in equations (64) and (65) with restricted risk prices. ij denotes the
portfolio with ith size and jth book-to-market quintiles. The sample is 1954:08-2003:12. For
further details, refer to Section V.
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Figure 1.B
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Figure 1.D
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