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Abstract

In this paper we show that volatility news is essential for a coherent eco-
nomic interpretation and measurement of the underlying risks in the economy,
and that ignoring volatility can lead to substantial biases in the stochastic dis-
count factor (SDF). We quantify and show that ignoring volatility can have
first-order implications for the implied consumption innovations, the SDF', and
asset returns. Furthermore, using a VAR based approach we document that
accounting for volatility leads to a positive correlation between the return to
human capital and the market, while this correlation is negative when volatil-
ity is ignored. Our volatility based asset pricing model captures well the levels
and differences in the risk premia across value and size portfolios. We fur-
ther show that accounting for volatility risks is important for correct economic
interpretation of the assets’ exposure to the underlying sources of risks.
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1 Introduction

Financial economists are interested in understanding risk and return and the under-
lying economic sources for movements in asset markets. These economic risk sources
are commonly linked to the cash-flow and the discount rate news (see e.g., Campbell
(1996)). In this paper we show that volatility news (news about economic uncertainty)
is an important and separate source of risk which critically affects the magnitude and
economic interpretation of the underlying risks in the economy. We show that ig-
noring volatility news results in a misspecified stochastic discount factor (SDF), and
distorted inference regarding the sources and magnitudes of economic risks and their
implications for asset prices. This, we show, has first-order implications for the prop-
erties of the return to wealth, the return to human capital, as well as other assets. Our
analysis leads us to consider a dynamic asset-pricing framework with three sources of
risks: cash-flow, discount rate, and volatility news. We show that such a framework
can account well for the variation and cross sectional differences in returns in the
data.

Our economic framework features recursive preferences of Epstein and Zin (1989)
and Weil (1989), and a time-varying volatility of underlying shocks. We show that
unlike the typical homoscedastic environments analyzed in the literature (e.g., Camp-
bell (1996)), expected consumption growth is no longer proportional to the expected
return on wealth, but is also driven by the news about aggregate uncertainty. Specif-
ically, following positive volatility news agents decrease their expected consumption
when the intertemporal elasticity of substitution (IES) parameter is above one, while
they increase expected consumption when the IES is below one. It is this critical
model implication that introduces volatility risk as one of the fundamental economic
sources of risk in addition to the cash-flow and discount rate risks. We show that
ignoring volatility results in a misspecified stochastic discount factor at any value
of the TES. In particular, we show that in the model with constant volatility, the
discount rate news just reflect the revisions in future risk-free rate as all the asset
risk premia are constant. This implies that the beta of return to the discount rate
news should be equal to its beta to the risk-free rate; if the risk-free rate is further
assume to be constant, there is no discount rate beta, and all the risk premium in the
economy should be captured by the cash-flow news. As volatility risks are strongly
and positively correlated with the discount rate news, an omission of the volatility
risks causes further bias in measurements and interpretations of the economic risks
in the economy.

We use a long-run risks model of Bansal and Yaron (2004) to quantitatively high-
light and analyze the importance of volatility news. Using a calibrated economy that
matches several key features of the data, we show the ramification of incorrectly as-
suming aggregate volatility is constant for inference regarding consumption and other
components of the stochastic discount factor. We show that the volatility of the im-



plied consumption shock will be significantly biased upwards in the specification which
incorrectly ignores the variation in economic uncertainty. The correlations between
the implied consumption innovations and the discount rate and volatility shocks are
significantly negative, even though these correlations for the true consumption shock
are zero. Ignoring the presence of aggregate uncertainty also biases downward the
volatility of the implied stochastic discount factor and the level of the market risk
premia. This is consistent with findings in the literature regarding consumption prop-
erties that are analyzed using financial market data (returns) under homoscedastic
assumptions (e.g., Campbell (1996)). In all, this analysis underscores the signifi-
cant misspecification of inference regarding the macroeconomic sources of risk when
fluctuations in aggregate uncertainty are ignored.

The results above are based on the assumption that the return to wealth is readily
available. In the actual data, the return on wealth is unobservable and is different
from the observed market return, which leads to further complications and enhances
some of the aforementioned biases. To implement our analysis on actual data, we
assume that the wealth return can be written as a weighted average of the return to
the stock market and the return to human capital (e.g., Campbell (1996)). Following
Lustig and Van Nieuwerburgh (2008), we also assume that the expected return on
human capital is linear in the economic states. This allows us to adopt a standard
VAR-based methodology for extracting the underlying news to construct the implied
shocks into consumption and stochastic discount factor. We find that considering
stochastic volatility has important implications for the properties of the market, hu-
man capital, and wealth returns. In the model without volatility, as in Lustig and
Van Nieuwerburgh (2008), the correlations between labor and market returns are very
negative. They become positive once the volatility risks are introduced, making labor
income now risky rather and than a hedge asset. Similarly, the correlations between
market and wealth, and wealth and labor returns become closer to one once volatility
risks are accounted for. At our values of preference parameters (risk aversion of 6.5
and TES of 2.5), the risk premium for the market portfolio is 9.7%, and it is equal to
4% and 2.6% for the returns to the wealth portfolio and the human capital, respec-
tively. The volatility risks contribute about one-third of the overall risk premium for
the human capital, and about a half for the wealth portfolio and the market. The
inclusion of the volatility risks has important implications for the time-series prop-
erties of the underlying economic shocks. For example, in the model with volatility
risks the implied discount rate news are high and positive in recent recessions of 2001
and 2008, which is consistent with a rise in economic volatility in those periods. The
model without the volatility channel, however, produces discount rate news which are
negative in those times.

The rest of the paper is organized as follows. In Section [2] we present a theoretical
derivation of the our generalized dynamic CAPM. We set up the long-run risks model
in Section [B] to gain further understanding on how volatility affects inference about



consumption innovations, cash-flow and discount rate variation. Based on the cali-
brated model, we highlight and quantify the mis-specification of consumption and the
stochastic discount factor, which is presented in Section 4. In Section 5 we develop
and implement an econometric framework to quantify the role of the volatility chan-
nel in the data. The model implications for the market, human capital and wealth
portfolio are discussed in Section 5. Conclusion follows.

2 Theoretical Framework

In this section we consider a general economic framework with recursive utility and
time-varying economic uncertainty, and derive the implications for the implied inno-
vations into the current and future consumption growth, returns, and the stochastic
discount factor. We show that ignoring the fluctuations in economic uncertainty
can severely bias the inference on economic news, and alter the implications for the
financial markets.

2.1 Consumption Innovation

We adopt a discrete-time specification of the endowment economy where the agent’s
preferences are described by a Kreps and Porteus (1978) recursive utility function of
Epstein and Zin (1989) and Weil (1989). The life-time utility of the agent U, satisfies

1

1 3y
U =|(1-6)C “+5(BU)| (2.1)

where C} is the aggregate consumption level, 9 is a subjective discount factor, ~ is a
risk aversion coefficient, 1 is the intertemporal elasticity of substitution (IES), and
for notational ease we denote 6 = (1 —~)/(1 — i) When v = 1/4, the preferences
collapse to a standard expected power utility.

As shown in Epstein and Zin (1989), the stochastic discount discount factor M,
can be written in terms of the log consumption growth rate, Ac;y 1 = log Cy 1 —log Cy,
and the log return to the consumption asset (wealth portfolio), r.,1;1. In logs,

0
miy1 = 910g5 — EACt—’_l + (9 — I)T’C,H_l. (22)

A standard Euler condition

EtMt+1Rt+1 — 1 (23)



allows us to price any asset in the economy. Assuming that the stochastic discount
factor and the consumption asset returns are jointly log-normal, the Euler equation
for the consumption asset thus implies:

Y- 1Vt, (2.4)

EiAciy = Ylogd + Y Ere 41 — o—

where we defined V; to be the conditional variance of the stochastic discount factor
plus the consumption asset return:

Vi = %Vart(mtﬂ + Tept1)- (2.5)
In general, the volatility component V; reflects the conditional second moments of the
underlying shocks in the economy which drive the stochastic discount factor and the
fundamental return on the wealth portfolio of the agent. In this sense, we interpret V;
as a measure of the economic uncertainty. In our subsequent discussion we show that,
under further model restrictions, the economic volatility V; is proportional to the con-
ditional variance of the future aggregate consumption; the proportionality coefficient
is always positive and depends on the risk aversion and the relative magnitude of the
news about future consumption.

The equilibrium restriction for the expected consumption in Equation (24)) is the
key to our analysis. It states that when IES parameter 1 is not equal to one, the
fluctuations in expected consumption are driven both by the movements in expected
returns, Eyr.+41, and the aggregate volatility V;. Specifically, when IES is above one,
the substitution effect dominates the wealth effect, so agents respond to positive news
about future expected returns by decreasing their current consumption and increasing
their savings and investment, which increases expected consumption in the future. On
the other hand, when ¢/ > 1, positive shock to economic uncertainty makes agents less
willing to save and invest today, so the current consumption goes up and the expected
future one goes down. Notably, the fluctuations in expected returns and volatility
are not independent of each other: a rise in economic volatility typically leads to a
simultaneous increase in expected returns due to a rise in a risk premium. Ignoring
volatility risks would imply, then, that these times of high expected returns correspond
to periods of high expected consumption, while in fact future expected consumption
goes down due to an increase in economic uncertainty. Thus, ignoring the volatility
risks can lead to a severe bias and mis-measurement in consumption innovation and its
response to the underlying economic news, and alter the implications for the financial
markets.

The volatility shocks have no impact for the consumption innovation when there
is no stochastic volatility in the economy (so V; is a constant), or when the IES ¢ = 1.
These cases have been entertained in Campbell (1983), Campbell (1996), Campbell
and Vuolteenaho (2004), and Lustig and Van Nieuwerburgh (2008). In the empirical



section of the paper we argue for economic importance of the variation in aggregate
uncertainty and /ES > 1 to interpret financial markets.

We use the equilibrium restriction in the Equation (2.4]) to derive the immediate
consumption news. The return to the consumption asset r.;;; which enters the
equilibrium condition in Equation (24) is the return on the overall wealth portfolio of
the agent which pays consumption as its dividends each time period. Using standard
log-linearization approach, the immediate consumption innovation can be written as
the revision in expectation of future returns on consumption asset, minus the revision
in expectation of future cash flows:

o0 (o]
cy1 — Biern = (B — Ey) Z KiTers1vj — (B — Er) Z K1ACH 11, (2.6)

Jj=0 J=1
where the linearization parameter x; is related to the unconditional mean of the price-
consumption ratio. Using the Equation (2.4]), we further decompose the consumption
shock into news in consumption return, Ng.y1, revisions of expectation of future
returns (discount rate news), Npr.i1, as well as the news about future volatility

NV,t—I—l :
P —1
Nejt1 = Nrpr1 + (1 =) Nppasr + ﬁNV,Hb (2.7)
where for convenience we denoted
Neji+1 = cip1 — Brep NRiv1 = repr1 — Eiregyn,
(2.8)
NpRri+1 = (Eg1 — Zﬂlrctﬂﬂ v N = (B — Zﬁlvtﬂ

Consistent with our previous discussion, when 1) is above one, current consumption
goes down with positive shocks to future expected returns and negative shocks to
future economic uncertainty, as in both cases agents are willing to substitute away
from current to future consumption by increasing their saving and investment. As
discount rate and volatility shocks co-move positively with each other (increase in
economic uncertainty raises risk premia and increases future returns), ignoring the
volatility channel can lead to bias and mis-measurements of the consumption news
when the volatility is time-varying and the IES is away from one.

2.2 Discount Factor

The innovation into the stochastic discount factor implied by the representation in
Equation (2.2)) is given by,

0
My — Eymyp = _@(Acz%l — EiAcii) + (0 = 1)(reipr — Eirerya). (2.9)



Substituting the consumption shock in the Equation (Z7), we obtain that the
stochastic discount factor is driven by immediate return news, Np;i1, news about
future discount rates, Npr,4+1 and news about future economic volatility, Ny 41 :

mit1 — Eymyy = —YNpyp1 — (v — 1) Npgesr + Ny (2.10)

Thus, the key sources of risk in the economy include the news to current and
future discount rates, and news to future volatility in the economy. The first risk
factor, similar to a standard CAPM model and has a market price of risk equal to
the risk aversion coefficient v; the discount rate news has a market price risk of v —1,
and the volatility component has a market price of risk of negative one.

An alternative decomposition of the innovation into the stochastic discount factor
involves future expected cash flow news, Neop 41, future discount rate news, Npg 41,
and volatility news, Ny :

M1 — Eymy = —vNeri+1 + Nprisr + Ny, (2.11)

where the future expected cash flow news are given by,
Nerppy1 = (B — Ey) (Z K1A0t+g+1> = NpRyi+1 + Nr41.- (2.12)

The last equality follows from the consumption innovation identity in Equation (2.6]).

Using Euler equation, we obtain that the risk premium on any asset is equal to
the negative covariance of asset return r;,;; with the stochastic discount factor:

1
Eﬂ“i,t+1 — T+ §Va7°t7°i,t+1 = Covt(_mt—i-la Ti,t+1)- (2-13>

Hence, knowing the exposures (betas) of a return to the fundamental sources of risk,
we can calculate the risk premium on this asset, and decompose it into the risk
compensations for the future cash-flow, discount rate, and volatility news:

_Vartri,t—l—l

2
= VCOUt(Ti,Hl, NCF,t+1) - COUt(Ti,Hl, NDR,t+1) - COUt(Ti,Hl, Nv,t+1)-

Eirippr — g+ (2.14)

2.3 Risk and Return with Constant Volatility

As shown in the stochastic discount factor Equations (ZI0) and (2II]), the price of
the volatility risks is equal to negative 1; notably, the volatility risks are present even if
the IES parameter ¢ = 1. Thus, even though with IES equal to one ignoring volatility
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does not lead to the mis-specification of the consumption residual, the inference on
the stochastic discount factor is still incorrect and can cause significant changes in
the interpretation of the asset markets.

Let us consider in a greater detail the case when the volatility is constant and all
the economic shocks are homoscedastic. First, it immediately implies that the revision
in expected future volatility news is zero, Ny;y1 = 0. Further, using accounting
identity, let us rewrite discount factor news in terms of risk-free rate news and risk
premia news:

o0
_ j
Npri+1 = (Eir1 — Ey) E RATe 441
j=1

WE

= (Ey1 — Ey) W [(BtajTetrjet = Theeg) + 7 r 4]
=1
w . w .

= (Bepr = B) | D 6l (Brygressr — rpens) | + (B — B | D wlrpes
=1 j=1

(2.15)

Following the Equation (ZI3]), the risk premium on consumption asset depends
on the conditional covariance of consumption return with the stochastic discount
factor, and the conditional variance of the consumption return. However, when all
the economic shocks are homoscedastic, all the variances and covariances are constant,
which implies that the risk premium on the consumption asset is constant as well.
Thus, under homoscedasticity, the revision in future risk premia in Equation (215
is equal to zero, and the discount rate shocks just capture the innovations into the
future expected risk-free rates:

Npiety = (B — Ey) (Z K{Tf,tﬂ) = Nrrjt1- (2.16)
j=1

Hence, under homoscedasticity, the economic sources of risks include the revisions
in future expected cash flow, and the revisions in future expected risk-free rates:

NoVol NoVol
myiy © — Eymy " = —yNerey1r + Nerpita, (2.17)

Further, in homoscedastic economy the risk premium on any asset is constant and
depend on the unconditional covariances of the asset return to the economic risks:

tTit1 — Tpe + 5 ar{ritr1 (2.18)

= VCOU(T’i,tHa NCF,t—l—l) - COU(Ti,t+17 NRF,t+1)-
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Notably, the beta of returns to discount rate shocks, Npg i1, should just be
equal to the return beta to the future expected risk-free shocks, Nrpy1. In several
empirical studies in the literature (see e.g., Campbell and Vuolteenaho (2004)), the
risk-free rates are assumed to be constant. Following the above analysis, it implies,
then, that the news to the future discount rates are exactly zero, so that there is no
discount rate beta, and all the risk premium in the economy is captured just by the
risks in the future cash-flows. Thus, ignoring volatility risks can significantly alter
the interpretation of the risk and return in financial markets.

3 Long-Run Risks Model

To gain further understanding on how volatility affects inference about consumption
innovations, cash-flow and discount rate variation, and more generally fluctuations
in the stochastic discount factor, asset prices and risk premia, we utilize a stan-
dard long-run risks model of Bansal and Yaron (2004). This model captures many
salient features of the asset market data and importantly ascribes a prominent role
for volatility risk/]

In a standard long-run risks model consumption dynamics satisfies

Aciyr = pt o+ 0, (3.1)
Tip1 = Py + QeOr€rit, (3.2
ot = 024 (o} —02) + oW,

where p governs the persistence of expected consumption growth x;, and v determines
the persistence of the conditional aggregate volatility o2. n; is a short-run consump-
tion shock, ¢ is the shock to the expected consumption growth, and w;,; is the shock
to the conditional volatility of consumption growth; for parsimony, these three shocks
are assumed to be 7.i.d Normal.

The equilibrium model solution is derived in Bansal and Yaron (2004), and for
convenience is reproduced in the Appendix. In particular, the equilibrium solution to
the price-consumption ratio, pc;, is linear in the expected growth and consumption
volatility:

per = Ay + Apzy + Ago?, (3.4)

!See Bansal (2007), Bansal, Kiku, and Yaron (2007a), Bansal and Yaron (2004) for a discussion
of the long-run risks channels for the asset markets, and in particular, Bansal and Shaliastovich
(2010), Drechsler and Yaron (2011), Eraker and Shaliastovich (2008), Bansal, Khatchatrian, and
Yaron (2005b) for the importance of the volatility risks.



and the innovation into the stochastic discount factor is determined by the short-run,
expected consumption and the volatility news:

Mep1 — Eymigs = —Ae0iMit1 — ApPe0i€i1 — Ao Oy Wit (3.5)

The equilibrium loadings for the price-consumption ratio Ay, A, and A,, and the
market prices of risks A., A, and A, depend on the preference parameters and the
consumption dynamics, and are provided in the Appendix. In particular, when IES
is bigger than one, positive shocks to expected consumption increase immediate and
future expected consumption return news (A, > 0), while positive shocks to con-
sumption volatility decrease immediate consumption return shocks and increase fu-
ture expected return shocks (A, < 0).

Given the model solution, we can provide explicit expressions for the immedi-
ate consumption returns news, Ng,.1, the discount rate shocks, Npg1, and the
volatility news shocks, Ny;41, in terms of the underlying economic structure.

The consumption return shock, Ng 11 is driven by all three shocks in the economy,

NR,t—I—l = ApR19s01€411 + ApR10w Wi + 0441, (3-6)

while the discount rate shocks, Npg 41 is driven only by the expected growth and
volatility innovations:

1 K1

NpRriy1 = @m%aﬁtﬂ — K1 A0 Wit (3-7)

The economic volatility component, V;, is directly related to the conditional vari-
ance of consumption growth:

1 1
V, = iVart(erH + myyq) = const + 5)((1 —7)%02, (3.8)

where the proportionality parameter x is provided in the Appendix. Therefore, the
innovation into the future expected volatility Ny, satisfies

1
Ny = sx(1 - 7)? OwWiy1. (3.9)

1
2 1— kv

Notably, under the model restrictions, the volatility parameter x is unambiguously
positive and is equal to the ratio of variances of the long-run cash flows news, Nog 41,
to the immediate consumption news, N¢ y41:

~ Var(Nerit1)

_ LAriVor) 3.10
X Var(Negs) (3.10)
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This restriction is useful in identifying x in the empirical work.

Notice that all the three shocks, Ng 11, Nprt+1 and Ny,qq, are correlated with
each other as they depend on the underlying shocks in the economy. In particular,
if IES is above one, the discount rate shocks and the volatility shocks are positively
correlated, because the volatility is driving the risk premium which is an important
component of discount rate innovations.

The expression for consumption innovations, N¢4+1, and the stochastic discount
factor can now be written in terms of the innovations to the consumption return,
discount rate and volatility shocks, as shown in Equations (2.7) and 2I0):

v —1
Civ1 — Ei(ciy1) = Npag1 + (1 = ¥)Nppig1 + ﬁNV,tH (3.11)
M1 — Eymiys = —yYNrap1 — (v — 1)Npresr + Nygrr.

Under the null of the model, the consumption shock is equal to o711, and the
innovation into the stochastic discount factor matches the expression in Equation

B3).

It is important to recognize that volatility innovations are relevant for the correct
inference on the consumption return, discount rate, and volatility shocks, as long as
¥ is different from 1 (as A, # 0). Ignoring the volatility component can distort the
measurement of Np 11, and Npg i1, and Nyyq. Even if the return news Ng ;1 and
Npr 41 could be correctly estimated using flexible specification in the data, it is clear
from equation (BI1)) that the economic implications about the consumption innova-
tions and the stochastic discount factor can be very misleading when the volatility
channel is ignored.

The distortions into the stochastic discount factor affect the implications for risk
premia and the asset sensitivity (beta) to economic sources of risks. To study this
effect within the model environment we introduce a generic dividend process,

Adt_H = U4 + ¢[L’t + TON+1 + PdotUd t+1- (312)

In the Appendix it is shown that under the model, the innovation in the dividend
asset return can be written in terms of the future expected cash flow, consumption
return, and volatility news:

(Ery1 — Ey)rage = BerNer + BorNprit1 + By Nvisr + @aoitar1,  (3.13)

where @q0iuq41 1 independent of the fundamental shocks, and Ber, Bpr, and By
capture the sensitivity of return to cash-flow, discount rate, and volatility news, re-
spectively. These betas depend on the parameters governing the consumption and
dividend dynamics; in particular, for reasonable parameter values considered in the
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literature, cash-flow betas are positive, o > 0, while betas to discount rate and
volatility news are negative: Gpr < 0 and [y < 0.

One potential important aspect in conducting empirical work is the fact the con-
sumption return itself is not observed and therefore the market return is often used
instead. The discrepancy between these two assets can exacerbate the distortions and
economic inference problems described above. In the next section we quantify these
various issues in turn.

4 Volatility Risks and Mis-Measurement of Con-
sumption Innovation

In this section we evaluate, based on the calibration of the the long-run risks model,
the extent to which consumption innovations are mis-measured if one ignores the
presence of volatility. The parameter configuration used in the model simulation
is similar to Bansal, Kiku, and Yaron (2009b) and is given in Table [l The model
reproduces key asset market and consumption moments of the data and thus provides
a realistic laboratory for our analysis — Table 2 reports these moments. Notice that
the model produces a significant positive correlation between the discount rate news
and the volatility news: it is 60% for the consumption asset, and 90% for the market.
Further, for both consumption and market return, most of the risk compensation
comes from the cash-flow and volatility news, while the contribution of the discount
rate news is quite small. In terms of the sensitivity of asset return to the underlying
sources of risks, note that the cash-flow beta is positive, while the discount rate and
volatility betas are both negative in the model.

Table [3] reports the implied consumption innovations when volatility is ignored,
that is when the term Ny is not accounted for in constructing the consumption
innovations. In constructing the implied consumption innovations via equation (2.7))
we use the analytical expressions for N1, Nprit+1, and Ny, which are given
in Equations [3.6), (87), and ([3.9), respectively. In particular, we assume that the
consumption return news Ng;y1 and Nprs+1 can be identified correctly even if the
volatility component is ignored, and we focus only on the mis-specification caused by
an omission of the volatility news Ny,;;1. We consider the implications of the volatility
news for the measurements of the consumption return innovations, Ng 11, Nprit1
in the subsequent section.

Table Bl shows that when IES is not equal to one, the implied consumption in-
novations are distorted. In particular, when IES is equal to two, the volatility of
consumption innovations is about twice that of the true consumption innovations.
Furthermore, when volatility is ignored, the correlation between the true consump-
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tion shock and the implied consumption shock is only 0.5. In addition, the correlation
of the implied consumption innovation and the discount rate and volatility news are
very negative while in the model they should be zero when volatility is correctly ac-
counted for. Similar distortions are present when the IES is less than one albeit by
a smaller magnitude. Notably, Panel B of Table [3 confirms that when the model
has no stochastic volatility, and thus constant risk premia, the implied consumption
innovations and the true ones coincide for all IES values. In Table @ we report the
implications of ignoring volatility for the stochastic discount factor. When volatility
is ignored, for all values of the IES the SDF’s volatility is downward biased by about
one-third. The market risk premium is almost half that of the true one, and the cor-
relations of the SDF with the return, discount rate, and cash-flow news are distorted.
Finally, it is important to note that even when the IES is equal to one, the SDF is
still misspecified. In all, the evidence clearly demonstrates the potential pitfalls that
might arise in interpreting asset pricing models and the asset markets sources of risks
if the volatility channel is ignored.

The analysis above assumed the researcher has access to the return on wealth,
Tett+1. In many instances, however, that is not the case (e.g., Campbell and Vuolteenaho
(2004), Campbell (1996)) and the return on the market 74,44 is utilized instead. In
Table [§l we repeat the analysis above, except that rg .41 replaces r.;41 in the stochas-
tic discount factor, and hence in the construction of Nz, Npgr, and Ny. The fact
the market return is a levered asset relative to the consumption/wealth return exac-
erbate the inference problems shown earlier. In particular, Table Bl shows that when
the TES is equal to two, the volatility of the implied consumption shocks is about
14.3%, relative to the true volatility of only 2.5%. Moreover, the correlation struc-
ture with various shocks is distorted in a significant manner. The correlation between
the implied consumption shocks and the discount rate shocks and volatility shocks
are very negative (in the model they should be zero), while the correlation with the
immediate return shock is almost one whereas the true correlation should be 0.45.
It is interesting to note that now even when IES is equal to one the consumption
innovation shocks are misspecified. The columns marked "Mkt vol” correspond to the
case in which Ny is included in the definition of Ne but rg.41 is used in the definition
of V;. The small difference between the case of ignoring volatility altogether and the
case in which volatility is included but is based on the market return, indicates that
much of the misspecification arise in the construction of the return and discount rate
innovations, Ng, and Nppr respectively. The market return, being a levered return
relative to the consumption return, yields much too volatile implied consumption
innovations. Further, the distinction between r4y; and 7,441 leads to a distorted

innovation structure even when the underlying economy has constant volatility (see
Panel B of Table [).

Campbell (1996) (Table 9) reports the implied consumption innovations based
on equation (2.7)) when volatility is ignored and the return and discount rate shocks
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are read off a VAR using observed financial data. The volatility of the consumption
innovations when the IES is assumed to be 2 is about 22%, not far from the quantity
displayed in our simulated model in Table B As in our case, lower IES values lead
to somewhat smoother implied consumption innovations. While Campbell (1996)
concludes that this evidence is more consistent with a low IES, the analysis here
suggests that in fact this evidence is consistent with an environment in which the TES
is greater than one and the innovation structure contains a volatility component.

5 Volatility Risks, Consumption and Labor Income

In this section we develop and implement an econometric framework to quantify the
role of the volatility channel for the asset markets. As the consumption return is not
directly observed in the data, we follow Lustig and Van Nieuwerburgh (2008) and
Campbell (1996) and assume that it is equal to the weighted average of the return to
the stock market and the return to human capital. This allows us to adopt a standard
VAR-based methodology to extract the underlying innovations to consumption return
and volatility, construct the implied shocks into consumption and stochastic discount
factor, and assess the importance of the volatility channel for the inference about the
returns to the human capital, the market and the wealth portfolio, as well as the size
and value risk premia.

5.1 Econometric Specification

Let X, a vector of state variables, which includes the real market return r,4,, consump-
tion growth rate Ac;, labor income growth Ay;, market price-dividend ratio pd;, and
the measure of the realized variance of aggregate consumption RV, which we discuss
in detail later:

Xt: [Td,t ACt Ayt pdt R‘/;g}, (51)

For parsimony, we focus on a minimal set of economic variables in our empirical
analysis. We have checked that our results do not materially change if the vector
X, is extended to include other predictors, such as interest rate, term and default
spread, etc. We also entertained a co-integrating specification between consumption
and labor income, which produced similar results.

2The data used in Campbell (1996) is from 1890-1990 which leads to slightly higher volatility
numbers than the calibrated model produces.
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We assume that the vector of state variables X; follows an unrestricted VAR(1)
specification:

Xt+1 = Ux + (I)Xt + U1, (52)

where ® is a persistence matrix, px is an intercept, and wu;., is a vector of Nor-
mal shocks with mean zero and variance-covariance matrix 2. As shown below, this
specification allows us to extract the volatility news and the immediate and future
expected revisions into the returns in a convenient way.

The key novel element in the state vector X; is the realized variance RV}, which
is based on the square of consumption residual:

RV, = (Ac, — E(Ac))?, (5.3)

so that expectations of RV, ; implied by the dynamics of the state vector capture the
ex-ante uncertainty about future consumption in the economy; this way of extracting
conditional aggregate volatility is similar to Bansal et al. (2005b), Bansal, Kiku,
and Yaron (2007b) and , among others. Following the derivations in Section [B], the
economic volatility V; is assumed to be proportional to the ex-ante the expectation
of the realized variance RV, from the VAR(1):

1
Vi=Vo+ §X(1 —7)?E;RVy4
i (5.4)
=V + §X(1 — 7)2i;q)Xt,

where 1} is an unimportant constant which disappears in the expressions for shocks,
1, is a column vector which picks out the realized variance measure from X;, and y
is a parameter which captures the link between the observed aggregate consumption
volatility and V;. In the model with volatility risks, we fix the value of x to the ratio
of the variances of the cash-flow to immediate consumption news, consistent with the
restriction in Equation ([B.I0). In the specification where volatility risks are absent,
the parameter yx is set to zero.

Following the above derivations, the revisions in future expectations of the eco-

nomic volatility can be calculated in the following way:
1

NV,t+1 = §X(1 - 7)2i;QUt+1, (5-5)

where @) is the matrix of the long-run responses, @ = kP (I — qu))_l )

The VAR specification implies that the shocks into immediate market return,
N ;l“ 1, and future market discount rate news, N, Rit+1, 4r€ given byﬁ

d o d o
NR,t—l—l = 1, U1, NDR,t+1 = 0, Quiy1, (5.6)

3In what follows, we use superscript ”d” to denote shocks to the market return, and superscript
M <

y” to identify shocks to the human capital return. Shocks without the superscript refer to the
consumption asset, consistent with the notations in Section 2.
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where i, is a column vector which picks out market return component from the set
of state variables X;; that is, 7, has 1 in the first row and zeros everywhere else.

While the market return is directly observed and the market return news can
be extracted directly from the VAR(1), in the data we can only observe the labor
income but not the total return on human capital. We make the following identifying
assumption, identical to Lustig and Van Nieuwerburgh (2008), that expected labor
income return is linear in the state variables:

Et,ry,t—l—l =+ b/Xt, (57)

where b captures the loadings of expected human capital return to the economic
state variables. Given this restriction, the news into future discounted human capital
returns, Njp ., are given by,

N%R,t—i—l =00 Quys, (5.8)

and the immediate shock to labor income return, th 41, can be computed as follows:

NI%,tH = (Ei1 — Ev) <Z “{Aytﬂ'ﬂ) - N%)R,t+1

J=0

(5.9)
= 00, (I + Q)upyr — V'O Que,

where the column vector ¢, picks out labor income growth from the state vector X.

To construct an aggregate wealth return, following Lustig and Van Nieuwerburgh
(2008) and Campbell (1996), Lettau and Ludvigson (2001) among others, we make
the assumption that the consumption return is given by the weighted average of the
returns to human capital and the stock market:

Ter = (1= w)ras +wry,. (5.10)

The share of human wealth in total wealth w is assumed to be constant. It immedi-
ately follows that the immediate and future discount rate news on the consumption
asset are equal to the weighted average of the corresponding news to the human
capital and market return, with a weight parameter w :

Ngy1 = (1 — W)Ng,tﬂ + WNJy%,t+1>

; : (5.11)
Nprit1 = (1 —w)Npr i1 + WNpRii-

These consumption return innovations can be expressed in terms of the VAR(1) pa-
rameters and shocks and the vector of the expected labor return loadings b following

Equations (5.6)-(5.9).
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Finally, we can combine the expressions for the volatility news, immediate and
discount rate news on the consumption asset to back out the implied immediate
consumption shock following the Equation (2.7]):

ciy1 — Eeiyr = Npgyr + (1= 9¥)Npryr + %vatﬂ
= [(1 —w)irQ +w(iy(I + Q) —V®'Q)] U1
NR\;Jrl
(1= )1 =)@ + b Q) s + (V27 ) ul1 =2 Que
ND;:tH ! ) N\:;H ’

= Q(b)/ut—l—l-
(5.12)

The vector ¢(b) defined above depends on the model parameters, and in particular,
it depends linearly on the expected labor return loadings b. On the other hand, as
consumption growth itself is one of the state variables in X, it follows that the
consumption innovation satisfies,

Ct+1 — EtCt+1 = z'/cut+1, (513)

where i, is a column vector which picks out consumption growth out of the state
vector X;. We impose this important consistency requirement that the model-implied
consumption shock in Equation (5.12) matches the VAR consumption shock in (5.13)),
so that

q(b) = ic, (5.14)

and solve the above equation, which is linear in b, to back out the unique expected
human capital loadings b. That is, in our approach the specification for the expected
labor return ensures that the consumption innovation implied by the model is identical
the consumption innovation in the data. This can be compared to the approach in
Lustig and Van Nieuwerburgh (2008) who numerically estimate the loading b to match
a few selected moments of the model-implied consumption shock in the data.

5.2 Data and Estimation

In our empirical analysis, we use an annual sample from 1930 to 2010. Real consump-
tion corresponds to real per capita expenditures on non-durable goods and services,
and real income is the real per capita disposable personal income; both series are
taken from the Bureau of Economic Analysis. Market return data is for a broad port-
folio from CRSP. The realized consumption variance measure is constructed from the
demeaned squares of real consumption, according to the Equation (G.3)).
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The summary statistics for these variables are presented in Table [6 and their
time-series plots are depicted on Figure[ll The average labor income and consumption
growth rate is about 2%. The labor income is more volatile than consumption growth,
but the two series co-move quite closely in the data with the correlation coefficient
of 0.80. The average log market return is 5.7%, and its volatility is almost 20%. The
realized consumption variance is quite volatile in the data, and spikes up considerably
in the recessions, as evident from Figure[ll Notably, the realized variance is negatively
correlated with the price-dividend ratio: the correlation coefficient is about -0.30,
which is consistent with a high (bigger than one) value of the IES parameter 1.

The estimation results for the unrestricted VAR(1) specification are reported in
Table [ It is hard to interpret individual slope coefficients due to the correlations
between all the variables, and quite a few of the slope coefficients are imprecisely
estimated. Overall, future consumption, labor income and equity prices are expected
to increase following positive shocks to the labor income, and decrease following a rise
in aggregate consumption volatility. Fall in consumption and labor income, market
returns and prices predicts an increase in the ex-ante volatility in the economy. The
adjusted R? in these regressions vary from 4% for the market return to nearly 80%
for the price-dividend ratio. Notably, the consumption growth is quite predictable
with this rich setting, and the R? reaches almost 60%.

5.3 Labor, Market and Wealth Return Correlations

To derive the implications for the market, human capital, and wealth portfolio re-
turns, we set the risk aversion coefficient v to 6.5, and the IES parameter ¢ to 2.5; we
examine the sensitivity of model results to the preference parameters in our subse-
quent discussion. We fix the share of human wealth in the overall wealth w to 0.792,
as in Lustig and Van Nieuwerburgh (2008).

Table 8 reports the model-implied correlation structure between market, human
capital and wealth portfolio returns. Without the volatility channel, shocks to market
and human capital returns are significantly negatively correlated, which is consistent
with the evidence in Lustig and Van Nieuwerburgh (2008). Indeed, as shown in the
top panel of the Table, the correlation of immediate news to returns, N, , and
N}, 111, 15 -0.50; it is -0.78 for the discount rate news, Njp ., and N}, 1, and it is
-0.65 when we consider the future long-term (5-year) expected returns, Eyrf , - and
Eyr{ ., 5. All these correlations turn positive when the volatility channel is present:
the correlation of immediate return news increases to 0.36; for discount rate to 0.25,
and for the expected 5-year returns to 0.51. Figure [ plots the implied time-series of
long-term expected returns on the market and human capital. A negative correlation
between the two series is evident in the model specification which ignores volatility
risks.
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These effects for the co-movements of returns are also similar for the wealth and
labor, and the market and wealth returns, as shown in the middle and lower panels of
Table B Because the wealth return is a weighted average of the market and human
capital returns, these correlations are in fact positive without the volatility channel,
but the correlations become considerably larger and closer to one once the volatility
risks are introduced. For example, all the correlations between the market and wealth
returns increase to 90% with the volatility channel, while they are between 0 and 50%
without it.

To understand conceptually the role of the volatility risks for these effects, it is
helpful to re-write the consumption restriction in the Equation (Z7) in the following
way:

-1
Nergv1 — Negr1 = WNpprisr — %NVJ—H- (5.15)

Hence, the revisions about future expected consumption, Negii1 — Nepyr = (B —
E) (Z]Oil /@{Actﬂ-ﬂ) , are positively related to the discount rate news to the wealth

portfolio, and if ¢ > 1, are negatively related to the news about future economic
volatility. In the model without the volatility channel, Ny, = 0, so all the revisions
in the future expected consumption have to be proportional to the discount rate news
on the wealth portfolio, magnified by the IES parameter ). However, empirically, the
volatility of the expected consumption news is much smaller than the volatility of the
discount rate news on the market, Nf)p, ,, which is one of the components of the
discount rate news on the wealth portfolio (recall that Npg 1 = (1 — w)Npg ) +
wNpgi1 ). This means that the discount rate news on human capital must offset
a large portion of the discount rate news on the market, which manifests itself in
a strong negative correlation between market and labor return news documented in
Table 8

On the other hand, in the model with volatility risks, the variance of future ex-
pected consumption news depends on the variance of discount rate news, the variance
of volatility news, as well as the covariance between the discount rate and the volatility
news:

v-1

2
7_1) VGT(N\/’H_:[)

Var(Nerpi1 — Nogy1) = 0*Var(Npri1) + (

w_

1 (5.16)
- 2¢—100@(NDR¢+1, Nyq1).

The discount rate and the volatility news are strongly positively correlated in the
economic models and data (see calibrated model output in Table Pl and subsequent
discussion). Thus, when IES is above one, the covariance term in the above equation
can substantially reduce the right-hand side, which allows to the model to match the
volatility of cash-flow news without forcing a negative correlation between the labor
and market return dynamics.
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5.4 Risk Sources and Risk Compensation

The implied consumption news, discount rate news on the wealth portfolio, and the
economic volatility news are plotted on Figures BH5], and the statistics for these inno-
vations appear in the output in Table [O

The cash-flow news Neop11 and the immediate consumption news N¢ ;41 remain
the same in the model specifications with and without the volatility channel. Indeed,
in our approach the immediate consumption news, N¢ 41, are matched exactly to
the data, and the cash-flow news, Nog41, under the model are equal to the weighted
average of the future expected labor news and future expected dividend news, which
are extracted directly from the VAR. As shown in Figure[3] the cash-flow news and the
immediate consumption news strongly co-move together, with a correlation coefficient
of 0.51. The cash-flow news are more volatile than the immediate consumption news,
and cash-flow news drop significantly in the recessions.

The discount rate news on the wealth portfolio, in the model specifications with
and without the volatility channel, are plotted on Figure[dl The volatility channel has
a large impact on the inference about the discount rate news. The two discount rates
in the models with and without the volatility are only weakly correlated with each
other (the correlation coefficient is 0.09), and the discount rate news are more volatile
in the specification with volatility risks (its standard deviation is 3.3% versus 2.1% in
the case without volatility, as shown in Table [@). In the model with volatility risks,
the discount rates strongly and positively correlated with the volatility news, Ny 41,
as economic models predict. Indeed, this correlation for the consumption asset is
0.83; it is 0.47 for the discount rate on human capital return and 0.79 for the market.
Without the volatility channel, the correlation of discount rate news with volatility
shocks is, strictly speaking, zero as Ny,;1; = 0 when y = 0. Considering instead the
correlation of discount rate news on the wealth portfolio with revision in the ex-ante
realized variance, 7, Qu¢y1, it is equal to -0.48. The discount rate news exhibit quite
a different time-series behavior in the models with and without volatility risks, as
depicted in Figure @ In the model with volatility risks, discount rate news are high
and positive in recent recessions of 2001 and 2008, which is consistent with a rise in
economic volatility shown on Figure Bl Without the volatility channel, however, it
would appear that the discount rate news are negative at those times. Following our
discussion, these measurements are contaminated by an omitted variable equal to the
negative of the economic volatility news. Thus, ignoring the volatility channel, the
discount rate on the wealth portfolio can be significantly biased due to the omission
of the volatility component, consistent with our discussion in the previous section.

We use the extracted news components to identify the innovation into the stochas-
tic discount factor, according to the Equation (ZI1]), and document the implications
for the risk premia in Table[@. At our calibrated preference parameters, in the model
with volatility, the risk premium on the market is 9.70%; it is 4.04% for the wealth
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portfolio, and 2.55% for the labor return. Without the volatility channel, the risk pre-
mia drop to 3.49%, 1.34%, and 0.78%, respectively. The contribution of the volatility
risks to the overall risk premia vary from about one-third for the human capital, to
about a half for the wealth portfolio and the market. These numbers are generally
consistent with the output from the calibrated LRR model (see Table 2

While the main results in the paper are obtained with preference parameters
v = 6.5 and ¢ = 2.5, in Table [I0] we document the model implications for the range
of risk aversion (5, 6.5 and 8) and IES (from 0.5 to 3.0) parameters. Without the
volatility channel, the correlations between labor and market returns are all negative
at all considered values for the preference parameters, which is consistent with the
evidence in Lustig and Van Nieuwerburgh (2008). The risk premia on the assets
increases with the risk aversion and the IES. In the model with volatility risks, it
is evident that one requires IES sufficiently above one to generate a positive link
between labor and market returns — with IES below one these correlations are even
lower than in the case without volatility risks. High values for risk aversion and IES
also lead to high implied risk premium, that is why we chose moderate values of
and ¢ to explain positive correlation between labor and market returns, and generate
market risk premium close to the data.

6 Market-based VAR Approach

6.1 Set-up

To further highlight the importance of the volatility channel for understanding the
dynamics of asset prices, we use a market-based VAR approach to news decomposi-
tion. As frequently done in the literature, here, we assume that the wealth portfolio
corresponds to the aggregate stock market and extract the underlying risks in a GMM
framework that exploits both time-series and cross-sectional moment restrictions.

To facilitate interpretation of various news, we make the following identifying
assumption:
Eirig — 1y = a0 + O‘O-?,t ) (6.1)

That is, we assume that risk premia in the economy are driven by the conditional
variance of the market return, o2, = Var,(Ng41). We can now re-write the innova-
tion into the stochastic discount factor in terms of cash-flow news, risk-free rate news
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and long-run news in ait. In particular, using the definition of V; and the dynamics

of the SDF (see equations (2.5]) and (ZII])):

1 1
Vi = §Va7’t (g1 + 1e41) = §Va7’t( —¥Nerpgr1 + Norewr + Nvagr + Ngey1)  (6.2)
1
= §VCL7“t( —Y(Ng41 + Nrpit1 + Nrrgs1) + Nrpis1 + Nrrgg1 + Ny + NR,t+1)
~ 0.5(1—7)%07, .

Note that the second line in equation ([6.2]) makes use of the decomposition of discount-
rate news into risk-premia (Ngp) and risk-free rate (Ngpr) news, and the last line
exploits assumption (6.I]) and homoscedasticity of volatility shocks. Since variation
in the risk-free rate in the data is quite small, we ignore its contribution to the
conditional variance and use equation (6.2)) as an approximation. We can now express
the innovation in the SDF as:

Mmyy1 — Eyfmup] = —vNersr + Noresr + Nvaga (6.3)
~ —vNcrii1 + Nrrgr1 + (a +0.5(1 — 7)2)N027t+1 )

where N02,t+1 = (Et—l—l_Et) <Zji1 K{O'%H_j), and NRF,t—l—l = (Et+1—Et) (Z(;il H{Tf,t+j> .
Note that if the volatility channel is shut down (i.e., risk premia are constant), the
last term of the innovation in the stochastic discount factor disappears.

We describe the state of the economy by vector:
Xt = (R‘/T’,ta Adt) pdta Tf,ta tsta dst),

that includes the realized volatility of the aggregate market portfolio (RV,,), its
dividend growth and the price-dividend ratio (Ad; and pd,, respectively), the risk-free
rate (rs;), the term spread defined as a difference in yields on the 10-year Treasury
bond and three-month bill, and the yield differential between Moody’s BAA- and
AAA-rated corporate bonds. The data are real, sampled on an annual frequency
and span the period from 1930 till 2009. The realized volatility is constructed by
summing up de-meaned squared monthly real rates of return within each year. The
real interest rate is measured by the yield on the 10-year Treasury bond adjusted by
inflation expectations.

We model the dynamics of X, via a first-order vector-autoregression and construct
the news by iterating on the VAR (this derivation follows the algebra in Section [G.1]
with a simplification that all the news are now directly read from the VAR since
the return on the market is assumed to represent the return on the overall wealth).
Note that the first equation in the VAR allows us to estimate the dynamics of the
conditional variance, o?,, which we use to obtain the estimate of the market risk
premium in equation (G.1I).
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To extract the news and construct the innovation in the stochastic discount factor,
we estimate time-series parameters (VAR parameters, oy and «;) and risk aversion
(7) using a continuously-updated GMM by exploiting two sets of restrictions| The
first set of moments includes the VAR orthogonality moments as well as two moments
of the risk-premium regression implied by equation (6.1I). The second set of moments
contains the Euler equation restrictions for the market portfolio and a cross-section
of 5 book-to-market and 5 size sorted portfolios:

1
Ey[rige — ] + ivart(ri,t—i—l) = Covy(=mug1, Tip11)- (6.4)

The cross-sectional return innovations are extracted using an econometric approach
similar to Bansal, Dittmar, and Lundblad (2005a), Bansal, Dittmar, and Kiku (2009a),
and Hansen, Heaton, and Li (2008) that allows for a sharper identification of long-
run cash-flow risks in asset returns. In particular, for each portfolio, we estimate its
long-run cash-flow exposure (¢;) by regressing portfolio’s dividend growth rate on the
three-year moving average of the market dividend growth:

Ad;y = pi + i Ady oy + GZt ) (6.5)

where Ad,; is portfolio-i dividend growth, Ad,_o_, is the average growth in market
dividends from time ¢t — 2 to ¢, and eit denotes idiosyncratic portfolio news. Using
the log-linearization of return:

Tit+1 = Kio + Adi,t+1 + Ri1Zit+1 — Zit (6-6)
the innovation into asset-i return is then given by:
Tit+1 — Eﬂ”i,t+1 = ¢i(Adt+1 - EtAdt+1> + Egtﬂ + HiEf,tH ) (6-7)

where z;; is portfolio-¢ price-dividend ratio, ;o and r;; are the asset-specific con-
stants of log-linearization, (Ad;.; — E;Adyyq) is the VAR-based innovation in the
market dividend, and €, is the innovation in the asset price-dividend ratio, ob-
tained by regressing z; ;41 on the state variables as well as the lagged price-dividend
ratio of asset i. We use the extracted innovation in the portfolio return to construct
the risk-premium restriction given in equation (6.4))

6.2 Discussion of the Empirical Evidence

The implications of the GMM estimation are given in Tables [Tl and 12 The top
panel of Table [[] presents market news volatilities (on the diagonal) and pair-wise

4The off-diagonal elements of the weight matrix are set at 0.
>Our empirical results do not materially change if, instead, we rely on the cointegration-based
specification of Bansal et al. (2009a).
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correlations of news, implied by a specification that incorporates the volatility chan-
nel. The bottom panel reports the corresponding moments in the case when volatility
risks are zeroed out. To illustrate the dynamics of shocks over business cycles, we also
report the correlations between the extracted shocks and the NBER business cycle
indicator.

Empirical evidence in Table [I1] shows that volatility news exhibits strong coun-
tercyclical dynamics. Similarly, the risk premium of the market portfolio plotted in
Figure [0] tends to increase in recessions and decline during economic expansions. Al-
though the R? in the regression of one-year excess returns on the conditional variance
is only about 1%, the predictive variation in excess returns increases to about 9% at
the three- and five-year horizons. We find that volatility risks contribute significantly
to the variation in the stochastic discount factor. The variance decomposition of the
SDF reveals that 43% of the overall variation in the SDF is due to cash-flow risks
and about 14% is due to volatility risks. While the direct contribution of volatility
risks may seem modest, they account for another 33% through their covariation with
cash-flow news

In the homoscedastic case, the risk premium is constant and the variation in
the stochastic discount factor is driven by cash-flow and risk-free rate news, with
cash-flow risks playing a dominant role and explaining about 92% of the variance
of the SDF. Note that when the conditional volatility is time-varying, cash-flow and
volatility news are strongly negatively correlated (the correlation between the two
time series is about -70%), which adds significantly to the variation in the SDF.
When the volatility is assumed to be constant, the now-absent covariation channel
gets compensated by higher volatility of cash-flow risks to generate enough variation
in the SDF.

Table reports the observed and the model-implied premia of the aggregate
market and the cross section of book-to-market and size sorted portfolios for the
two specifications. It also presents the decomposition of the total compensation into
premia for each source of risks. While both specifications account well for the market,
value and size premia in the data, important differences surface. When the volatility is
constant, both the level and the cross-sectional dispersion in risk premia are virtually
entirely driven by cash-flow risks. In the specification that allows for variation in
the conditional second moments, cash-flow risks remain the key determinant of the
cross-sectional dispersion in risk premia. However, volatility risks now contribute a
sizable portion to the overall risk premia. At the aggregate market level, volatility
risks account for almost 30% of the total risk compensation. Their contribution at
the portfolio level averages more than 20%.

We also find that cash-flow and volatility risk premia vary substantially over time,
typically increasing during recessions and declining during booms. Using the Fama-

6The remaining part is due to risk-free rate news and its covariation with the other two shocks.

24



MacBeth cross-sectional approach, we construct two portfolios that have a unit expo-
sure to either cash-flow or volatility risks. We then regress portfolio returns on a set of
state variables and plot the fitted values from these projections in Figure[[l We find
that one-year ahead excess returns on the cash-flow portfolio are highly predictable
by the current level of economic uncertainty, measured by realized volatility of re-
turns, with a robust t-statistic of 3.4 and an R? of 8.5%. The volatility risk premium
is forecasted by the default spread with an R? of about 2%. As the figure shows,
although both premia spike during Great Depression and display countercyclical fluc-
tuations, their dynamics are not perfectly synchronized. Consider, for example, the
1980’s recession that featured a much higher increase in the volatility risk premia
relative to the perceived compensation for cash-flow risks.

To summarize, our empirical evidence highlights the importance of the volatility
channel in understanding the underlying sources of risks and their identification. We
show that revisions in expectations about future volatility contribute significantly
to the overall variation in the stochastic discount factor and carry a sizable risk
premium. The volatility component of the SDF, if ignored, seems to get absorbed by
cash-flows news. That is, in the constant-volatility specification, cash-flow news fill-in
for both cash-flow and volatility risks, which significantly alters the interpretation of
the extracted shocks and the implied risk premia.

Conclusions

In this paper we show that volatility is a key and separate source of risk which affect
the measurement and interpretation of underlying risks in the economy and finan-
cial markets. We show that ignoring volatility can lead to substantial biases in the
stochastic discount factor (SDF). Using a calibrated long run risks model we quantify
and show that ignoring volatility can have first order implications for the implied
consumption innovations, the SDF, and other assets. Specifically, we show that the
volatility of the implied consumption shock will be significantly biased upwards in
the specification which incorrectly ignores the variation in economic uncertainty. The
correlations between the implied consumption innovations and the discount rate and
volatility shocks are significantly negative, even though these correlations for the true
consumption shock are zero. Ignoring the presence of aggregate uncertainty also bi-
ases downward the volatility of the implied stochastic discount factor and the level
of the market risk premia.

Using a VAR based approach we show that accounting for volatility leads to a
positive correlation between the return to human capital and the market, while this
correlation is negative when volatility is ignored. Similarly, the correlations between
market and wealth, and wealth and labor returns become closer to one once volatility
risks are accounted for. The model implied risk premium for the market portfolio
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is 9.7%, and it is equal to 4% and 2.6% for the returns to the wealth portfolio and
the human capital, respectively. The inclusion of the volatility risks has important
implications for the time-series properties of the underlying economic shocks. For
example, in the model with volatility risks the implied discount rate news are high
and positive in recent recessions of 2001 and 2008, which is consistent with a rise
in economic volatility in those periods. The model without the volatility channel,
however, produces discount rate news which are negative in those times. In all, this
evidence highlights the importance of volatility risks to interpret financial markets
and thus leads to consider an asset pricing framework that explicitly incorporates
volatility risks.
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A Long-Run Risks Model Solution

The discount rate parameters and market prices of risks satisfy

1
My == Mo = (1-0)(1 - k1v)Ay, mg = 0logd —yu— (0 —1)log k1 — mop,
Ae=7 X=0-0)k14s, Io=(1-0)r1A,.
(A1)
Equilibrium price-to-consumption ratio parameters satisfy
2
-1 P ()
Ay = Y A=) (1= =) | A2

and k1 is the log-linearization parameter.

The equilibrium return on consumption asset in this economy satisfies

1
Tet41 = const + —xy + Ay (kv — 1)o't2 + Apr19g0t€r41 + Agk10pWir1 + oeer1. (AL3)

(G
Using the solution to the equilibrium economy, the proportionality coefficient y satisfies,
2
v ( F1pe > L1 (A4)
1—r1p

The price-dividend ratio satisfies

pd; = Hy+ Hyxy + Hyo?, (A.5)
where
1
H, — ¢ — b H, = ms+0.5((ﬂ'—7)2—1—(/\33—/{1de)2ng+90?[)7 (AG)
1 —Kiap 1 —Kiav

for a log-linearization parameter k14

log k1qg = mo + pgq + Hoag(l — k1gv) + 0.5(\s — k1aHy)%02,. (A.7)

The multivariate return betas are given by,

/BCF =T,
1— 1 (A.8)
ﬁDszql — “lp] <¢——>—w>,
— Kidp K1 (0
and [y satisfies

1 K1p 2 K1
_ 1 _ 2 76 1 e HO’ AO’ . A
5(1=7) ((1—/<1p> + > 1_/{1]/5\/ K1aHo + k1 40BDR (A.9)
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Tables and Figures

Table 1: Configuration of Long-Run Risks Model Parameters

Preferences ) ¥ Y
0.9984 10 2
Consumption 1 p Ve

0.0015 0.975  0.037

Volatility o v Ow

0.0072  0.999 2.8e-06

Dividend [ [0 ©Yd T

0.0015 2.5 3.5 2.0

Baseline parameter values for the long-run risks model. The model is calibrated on monthly
frequency.
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Table 2: Consumption and Asset Market Calibration

Mean  Std. Dev. AR(1)

Consumption: 1.82 2.90 0.43
Dividend: 1.82 10.54 0.34
Risk-free Rate: 1.52 1.14 0.98

Wealth Market

Corr. of discount rate with vol shock 0.59 0.96
Total Risk Premium 2.28 6.01
Cash-flow Risk Premium 1.22 3.44
Discount Rate Risk Premium 0.03 0.03
Vol. Risk Premium 1.06 2.54
Cash flow beta Gop 1 2

Discount rate beta Bpgr -1 -0.33
Volatility beta gy 0 -0.11

Long-run risks model implications for consumption growth and asset market. Based on a
long model sample of monthly data. Consumption is time-aggregated to annual frequency.
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Table 3: Consumption Innovation Ignoring Volatility Channel

IES = 2 IES=1 IES = 0.75
Ignore Vol True Ignore Vol True Ignore Vol True

Panel A: Model with Time-varying Volatility
Vol of cons. shock 5.46 2.49 2.49 2.49 2.79 2.49

Consumption shock correlations:

True cons. shock 0.46 1.00 1.00 1.00 0.89 1.00
Return shock Ng 0.85 0.64 1.00 1.00 0.93 0.78
Discount rate shock Npgr -0.72 0.00 0.00 0.00 -0.15 0.00
Volatility shock Ny -0.89 0.00 0.00 0.00 0.45 0.00

Panel B: Model with Constant Volatility

Volatility of cons. shock 2.49 2.49 2.49 2.49 2.49 2.49
Consumption shock correlations:

True cons shock 1.00 1.00 1.00 1.00 1.00 1.00

Implied consumption innovations computed from the model ignoring volatility contribution,
versus the true short-run consumption shock. Population values in the full model with time-
varying volatility (Panel A) and the model with constant volatility (Panel B), monthly
frequency. Volatility is annualized, in percent.
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Table 4: IMRS Innovations Using Ignoring Volatility

IES =2 IES=1 IES = 0.75
Ignore Vol True Ignore Vol True Ignore Vol True
Panel A: Model with Time-Varying Volatility
Vol of IMRS shock 0.41 0.62 0.40 0.60 0.39 0.58
Market Risk Premium 3.48 6.02 2.75 4.96 2.28 3.84
IMRS shock correlations:
True IMRS shock 0.71 1.00 0.67 1.00 0.64 1.00
Return shock Np -0.78 -0.96 -0.62 -0.46 -0.24 0.24
Discount rate shock Npgr -0.41 0.30 -0.78 -0.52 -0.71 -0.74
Volatility shock Ny 0.06 0.74 0.00 0.74 -0.04 0.74
Panel B: Model with Constant Volatility

Vol of IMRS shock 0.42 0.42 0.40 0.40 0.39 0.39
Corr. with true IMRS shock 1.00 1.00 1.00 1.00 1.00 1.00

Implied IMRS innovations computed from the model ignoring volatility contribution versus
the true IMRS shock. Population values in the full model with time-varying volatility
(Panel A) and the model with constant volatility (Panel B), monthly frequency. Volatility

is annualized, in percent.
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Table 5: Consumption Innovation Ignoring Volatility and Consumption Return

IES =2 IES=1 IES = 0.75
Ignore Vol Mkt Vol True Ignore Vol Mkt Vol True Ignore Vol Mkt Vol True

Panel A: Model with Time-varying Volatility
Vol of cons. shock 14.32 12.73 2.49 11.53 10.87 2.49 8.67 8.82 2.49

Correlation of implied cons. shock with:

True cons. shock 0.35 0.39 1.00 0.43 0.46 1.00 0.58 0.57 1.00
Return shock N}% 0.92 0.95 0.45 0.97 0.98 0.48 0.99 0.99 0.59
Discount rate shock NdDR -0.70 -0.63 0.00 -0.49 -0.44 0.00 0.22 0.19 0.00
Volatility shock N‘C} -0.81 -0.76 0.00 -0.69 -0.64 0.00 -0.30 -0.35 0.00

Panel B: Model with Constant Volatility

Volatility of cons. shock 8.48 8.48 2.49 8.47 8.47 2.49 8.41 8.41 2.49
Correlation of implied cons. shock with:

True cons shock 0.59 0.59 1.00 0.59 0.59 1.00 0.59 0.59 1.00
Return shock N}% 0.99 0.99 0.52 1.00 1.00 0.54 0.99 0.99 0.64
Discount rate shock NdDR 0.59 0.59 0.00 0.59 0.59 0.00 0.58 0.58 0.00
Volatility shock N‘Cﬁ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Implied consumption innovations computed from the model ignoring volatility contribution and using dividend return in place of
consumption return, versus the true short-run consumption shock. Population values in the full model with time-varying volatility
(Panel A) and the model with constant volatility (Panel B), monthly frequency. Volatility is annualized, in percent.



Table 6: Data Summary Statistics

Mean Std. Dev. AR(1)
Consumption growth  1.86 2.18 0.48
Labor income growth  2.01 3.91 0.39
Market return 5.70 19.64 -0.01
Price-dividend ratio 3.38 0.45 0.88
Realized variance 4.70 12.40 0.39

Summary statistics for real consumption growth, real labor income growth, real market
return, price-dividend ratio and realized consumption variance. Annual observations from
1930 to 2010. Consumption growth, labor income growth and market return statistics are

in per cent; realized variance is multiplied by 10000.

Table 7: VAR Estimation Results

Tt Acy Ay, pdy RV, R,
0]

Tdt+1 0.06 -3.73 0.97 -0.08 -30.18 0.04
(0.08)  (1.08)  (0.36)  (0.03) (23.55)

Aciiq 0.06 0.19 0.12 -0.00 -1.67 0.57
(0.01)  (0.10)  (0.04)  (0.01)  (1.07)

Ay 0.08 -0.27 0.48 0.00 -0.17 0.31
(0.03)  (0.26)  (0.14)  (0.01)  (1.57)

P41 -0.24 -3.90 0.94 0.92 -14.16  0.79
(0.14)  (1.15)  (0.70)  (0.05)  (23.41)

RViyq  -0.001 -0.009 -0.001 -0.001 0.217  0.24
(0.001) (0.012) (0.005) (0.001) (0.124)

Ql/2

Tdt+1 0.18

Aciyr 000 0.01

Ayriq 0.00 0.02 0.02

P41 0.18 -0.03 -0.03 0.08

RV,+1 -0.0001 -0.0003 -0.0002 -0.0000 0.0009

Estimation results of the VAR(1) dynamics of the economic states, Xy11 = pux +PX¢+upiq,
where u; is Normal with variance-covariance matrix €. X; includes real market return, rg,
real consumption growth, Ac;, real labor income growth, Ay, price-dividend ratio, pd;, and

realized consumption variance, RV;. Annual observations from 1930 to 2010.
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Table 8: Model-Implied Correlations With and Without Volatility

Without Vol With Vol

Market and Labor Return:

Immediate Shocks ~ Corr(N%, N%) -0.50 0.36
Discount Shocks Corr(N& g, N¥ ) -0.78 0.25
5-year Expectations Corr(Eri, s, Eir] ii5) -0.65 0.51
Market and Wealth Return:

Immediate Shocks ~ Corr(N%, Ng) 0.51 0.82
Discount Shocks COTT(NI%R,NDR) -0.00 0.89
5-year Expectations C’orr(Etrf_)HE,, Eyriii5) 0.23 0.90

Wealth and Labor Return:

Immediate Shocks ~ Corr(Ng, N},) 0.48 0.83
Discount Shocks Corr(Npr, N p) 0.63 0.66
5-year Expectations Corr(Eiri—i1s, Etrf_)t%) 0.58 0.83

Model-implied correlations between market, human capital, and wealth returns, with and
without the volatility risks. Risk aversion is set at v = 6.5, and 1ES ¢ = 2.5.
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Table 9: Model-Implied Risk Premia and Shock Correlations

Without Vol With Vol

Market Return:

Risk Premium Cov(—Ny, N&) 3.49 9.70
Vol Risk Premium Cov(—Ny,N§) 0 5.60
Vol of Immediate News Std(N%) 18.45 18.45
Vol of Discount News — Std(N$ ) 12.45 12.45
Wealth Return:

Risk Premium Cov(—Nypr, Ng) 1.34 4.04
Vol Risk Premium Cov(—Ny, Ngr) 0 1.88
Vol of Immediate News Std(Ng) 3.78 6.40
Vol of Discount News  Std(Npr) 2.10 3.34
Labor Return:

Risk Premium Cou(—Nyr, N},) 0.78 2.55
Vol Risk Premium Cov(—Ny, N}) 0 0.90
Vol of Immediate News  Std(N},) 4.74 4.95
Vol of Discount News  Std(N},p) 4.23 1.97

Model-implied risk premia and shock correlations, with and without volatility. Risk aversion
is set at v = 6.5, and IES ¢ = 2.5.
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Table 10: Robustness Evidence on Correlations with and without Volatility

Lbr-Mkt Corr

Risk Premia

Lbr-Mkt Corr

Risk Premia

P Nr Npr Er Mkt  Lbr Wealth ‘ Nr Npr Er Mkt Lbr Wealth
With Volatility Without Volatility
7=5
0.5 -091 -044 -0.25 4.01 -2.11 -3.72 |-0.83 -0.25 0.02 1.79 -0.79 -1.47
1.0 -094 -045 -0.20 527 020 -1.13 |-0.94 -0.45 -0.20 232 0.17 -0.39
1.5 -0.50 -0.44 -0.12 5.70 1.29 0.13 |-0.77 -0.60 -0.39 250 0.62 0.12
2.0 -0.06 -0.41 -0.01 591 1.89 0.84 |-0.61 -0.70 -0.54 2.58 0.86 0.41
25 015 -030 0.12 6.03 227 1.28 | -0.50 -0.78 -0.65 2.64 1.02 0.59
3.0 025 -0.15 024 6.12 2.53 1.59 | -0.44 -0.83 -0.74 267 1.12 0.71
v=26.5
0.5 -091 -049 -0.32 7.23 -440 -746 |-0.83 -0.25 0.02 265 -1.18 -2.18
1.0 -0.94 -0.45 -0.20 878 028 -1.95 |-0.94 -0.45 -0.20 3.17 0.23 -0.54
1.5 -0.33 -0.34 0.02 9.29 228 0.44 |-0.77 -0.60 -0.39 3.35 0.82 0.16
2.0 0.18 -0.07 031 955 3.36 174 |-0.61 -0.70 -0.54 344 1.14 0.54
25 036 025 051 970 4.04 2.55 | -0.50 -0.78 -0.65 3.49 1.34 0.78
3.0 044 040 058 981 4.50 3.11 -0.44 -0.83 -0.74 3.53 1.49 0.94
v7=38
0.5 -0.92 -0.52 -0.38 11.28 -7.85 -12.88 |-0.83 -0.25 0.02 3.50 -1.57 -2.90
1.0 -0.94 -0.45 -0.20 13.10 0.37 -2.97 |-0.94 -0.45 -0.20 4.03 0.29 -0.69
1.5 -0.12 -0.20 0.17 13.71 3.70 1.07 | -0.77 -0.60 -0.39 4.20 1.03 0.20
2.0 037 031 055 14.01 5.47 3.23 |-061 -0.70 -0.54 4.29 143 0.67
2.5 051 054 067 14.19 6.57 4.57 |-0.50 -0.78 -0.65 4.35 1.67 0.97
3.0 057 059 069 1431 7.32 548 | -044 -0.83 -0.74 438 1.84 1.17

Model implications for the correlations between human capital and market return news
(immediate and future discount rate) and 5-year expected returns, and risk premia for

market, human capital and wealth return, at different risk aversion and IES parameters.
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Table 11: News Dynamics Implied by the Market-Based VAR

Nerp N,» Ngp  SDF

With Volatility

Neg 0.11
N, 0.68 0.10

Npp 045 051 0.05
SDF 0.95 0.86 059 047

NBER indicator 0.44 -0.36 -0.36 -0.46

Without Volatility

Ncor 0.13

N, 0 0

Ngrp -0.32 0 0.05

SDF -0.99 0 042 0.44
NBER indicator 0.40 0 -0.36 -0.42

Table [I] presents pairwise correlations of cash-flow (N¢p), volatility (N,2) and risk-free (Ngp)
news, and their volatilities (on the diagonal), measured using the market-based VAR approach. The
top panel corresponds to the case that accounts for the variation in the conditional volatility (and
risk premia), the bottom panel refers to the homoscedastic case. The last row of each panel reports
correlations of the news series with the NBER business cycle indicator.
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Table 12: Risk Premia Implied by Market-Based VAR

Risk Premia Decomposition
Data Model CF Vol Rfree

With Volatility
Market 7.7 8.0 54 24 0.3

BM1 7.0 8.0 5.7 21 0.2
BM2 7.4 7.7 5.6 19 0.2
BM3 9.1 9.6 6.9 23 04
BM4 10.6 10.8 82 20 0.5

BMb5 13.0 13.8 11.3 15 1.0

Sizel 14.5 14.7 11.7 23 0.7
Size2 12.7 10.6 79 23 04

Size3 11.3 9.4 70 21 04
Sized 10.1 8.7 6.2 23 03
Sizeb 7.2 7.9 5.7 19 0.2

Without Volatility

Market 7.7 8.1 7.9 0 0.3
BM1 7.0 7.9 7.7 0 0.2
BM2 7.4 7.7 7.5 0 0.2
BM3 9.1 9.4 9.0 0 04
BM4 10.6 10.9 10.3 0 0.6
BMb5 13.0 13.9 12.8 0 1.1
Sizel 14.5 14.6 13.9 0 08
Size2 12.7 10.6 10.2 0 04
Size3 11.3 9.4 9.1 0 0.4
Sized 10.1 8.6 8.4 0 03
Sizeb 7.2 7.9 7.7 0 0.2

Table shows risk premia implied by the market-based VAR for the aggregate market and a
cross section of five book-to-market and five size sorted portfolios, and the contribution of cash-
flow, volatility and risk-free rate risks to the overall compensation. “Data” column reports average
excess returns in the 1930-2009 sample. The top panel corresponds to the case that accounts for the
variation in the conditional volatility (and risk premia), the bottom panel refers to the homoscedastic
case.
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Figure 1: Time Series of Variables
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Real consumption and labor income growth rates (top panel), real market return (middle
panel) and realized consumption variance (bottom panel). Annual data from 1930 to 2010.
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Figure 2: 5-year Expected Market and Labor Returns
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Five year DCAPM-implied expected returns on the market (solid line) and human capital
(dashed line), in the specifications without volatility (x = 0) (top panel) and with volatility
at the implied x (bottom panel).

Figure 3: Consumption News

0.15

0.1f

0.05

-0.151 b

-0.2F m

0-25 | | | | | | |
1930 1940 1950 1960 1970 1980 1990 2000 2010

Long-run consumption news N¢gp and immediate consumption news Nc¢.
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Figure 4: Discount Rate News on Wealth Portfolio
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Discount rate news on the wealth portfolio Npgr in the specifications without volatility
(solid line) and with volatility (dashed line).
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Figure 5: Future Expected Economic Volatility News
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Figure 6: Market Risk Premia implied by Market-Based VAR
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Figure [@ plots time-series of the risk premium of the aggregate market portfolio implied by the
market-based VAR. Shaded areas represent the NBER recession dates.
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Figure 7. Cash-Flow and Volatility Risk Premia implied by Market-Based
VAR
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Figure [ plots time-series of cash-flow and volatility risk premia implied by the market-based VAR.
Shaded areas represent the NBER recession dates.

46



	Introduction
	Theoretical Framework
	Consumption Innovation
	Discount Factor
	Risk and Return with Constant Volatility

	Long-Run Risks Model
	Volatility Risks and Mis-Measurement of Consumption Innovation
	Volatility Risks, Consumption and Labor Income 
	Econometric Specification
	Data and Estimation
	Labor, Market and Wealth Return Correlations
	Risk Sources and Risk Compensation 

	Market-based VAR Approach
	Set-up
	Discussion of the Empirical Evidence

	Long-Run Risks Model Solution

