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Abstract

We show that volatility movements have first-order implications for con-
sumption dynamics and asset prices. Volatility news affects the stochastic
discount factor and carries a separate risk premium. In the data, volatility
risks are persistent and are strongly correlated with discount-rate news. This
evidence has important implications for the return on aggregate wealth and
the cross-sectional differences in risk premia. Estimation of our volatility risks
based model yields an economically plausible positive correlation between the
return to human capital and equity, while this correlation is implausibly nega-
tive when volatility risk is ignored. Our model setup implies a dynamics capital
asset pricing model (DCAPM) which underscores the importance of volatility
risk in addition to cash-flow and discount-rate risks. We show that our DCAPM
accounts for the level and dispersion of risk premia across book-to-market and
size sorted portfolios, and that equity portfolios carry positive volatility-risk
premia.
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1 Introduction

Financial economists are interested in understanding risknd return and the under-
lying economic sources of movements in asset markets. Inglpaper we show that
macroeconomic volatility is an important and separate soae of risk which critically
a ects the aggregate economy (i.e., consumption) and assptices. Our analysis
yields a dynamic asset-pricing framework with three sourseof risks: cash- ow, dis-
count rate, and volatility risks. We show that volatility ri sk a ects consumption
and ignoring volatility news results in a sizable mis-specation of the stochastic dis-
count factor (SDF). Our empirical analysis yields two centil results: (i) the impact of
volatility on consumption is important for understanding joint dynamics of the return
to human capital and the return to equity; (ii) volatility ri sks carry a sizeable risk
premium and help explain the level and dispersion of expedteeturns in the cross-
section of assets. In sum, our evidence suggests that in dai to cash- ow and
discount-rate uctuations, volatility risk is an important channel for understanding
the macroeconomy and nancial markets.

Bansal and Yaron (2004) provide a structural framework to aamlyze volatility
risk. In their model risk premia is increasing in volatility of aggregate wealth, and
importantly, shocks to volatility carry a separate risk prenium. In this article we show
that consumption news is directly a ected by news about agggate volatility. This
equilibrium result reveals the importance of volatility rsks for a proper measurement
of consumption news and the stochastic discount factor (SDJFand for inference about
sources of risks in asset markets. Clearly the e ect of voléty on consumption, SDF,
and consequently asset prices is overlooked in the litera&uthat assumes a constant
volatility process (e.g., Campbell (1996)). We quantify te magnitude of the mis-
speci cation caused by ignoring volatility risks and docurant that it is signi cant for
both the SDF and risk premia.

We present empirical evidence that both macroeconomic- aneturn-based volatil-
ity measures feature persistent predictable variation, wbh suggests that volatility is
potentially an important source of economic risks. Our empcal ndings of long-run
predictable variation in volatility are consistent with ealier work by Bollerslev and
Mikkelsen (1996) in the context of market-return volatility, and by Stock and Wat-
son (2002) and McConnell and Perez-Quiros (2000) in the cemt of macroeconomic
volatility. We incorporate the evidence of time-variationin volatility in our dynamic
asset pricing model, and use it to evaluate the implicationsf volatility risk for con-
sumption, returns to human capital and equity, and the crossectional dispersion in
equity returns.

In a model with constant volatility, Lustig and Van Nieuwerburgh (2008) show
that returns to human capital and the market are puzzlingly egatively correlated.
Standard economic models would imply a positive correlatiobetween the two re-



turns, as both of these claims are long aggregate economidammes. In this paper
we provide a potential resolution to their puzzling nding by highlighting the impor-
tance of time-varying volatility of consumption. We documat that in the data, high
macro-volatility states are high-risk states associated itk signi cant consumption
declines and high risk premia and discount rates. In contrgsmodel speci cations
used in earlier empirical work ignore volatility risk and therefore counterfactually
imply that expected consumption should rise in these statesWe show that when
volatility risks are incorporated, an increase in the risk pemium is indeed a bad state
for consumption; this allows the model to capture consumpn and expected return
dynamics in a manner consistent with the data and generatespositive correlation
between human capital and equity returns.

To explore the importance of volatility risks for a broad crgs-section of asset re-
turns and their ability to account for the cross-sectional derences in risk premia,
we assume that the return to aggregate wealth is perfectly welated with the re-
turn to market equity (e.g., Epstein and Zin (1991), Campbél(1996)). Under this
assumption, volatility of aggregate wealth is observed ancan be used in empirical
analysis. Our model yields a dynamic CAPM (DCAPM) which hasltree sources of
risks: cash- ow, discount rate, and volatility risks. The market price of cash- ow
risk equals the risk aversion coe cient; the market prices fodiscount rate risks and
volatility risks are both equal to -1. As in Bansal and Yaron 2004), the market price
of volatility risk is negative, and assets with large payo sin high volatility states
(such as long straddle positions) should have positive veilé&y betas, and therefore
negative risk premia. Empirical evidence in Bansal, Khatctrian, and Yaron (2005b)
shows that equity has negative exposure to aggregate volayi since high volatility
lower equity prices; hence, equity should have a positive latility risk premium. As
discussed below, we nd considerable empirical support fthiese implications. Note
that when volatility risks are absent, as in Campbell (1996)all risk premia ought to
be constant and discount-rate news simply re ects risk-feerate news. If the risk-free
rate is also assumed constant, there is no discount-rate iaion and the entire risk
premium in the economy is due to cash- ow risk.

To estimate the unobservable return to human capital, we asme that the ex-
pected return on human component of wealth is linear in econoc states. This allows
us to extract the underlying news in consumption, wealth refrn and the stochastic
discount factor using a standard VAR-based methodolo@/We nd that in the model
without volatility risks, as in Lustig and Van Nieuwerburgh (2008), the correlation
between human capital and market returns is strongly negate. For the benchmark
preferences (risk aversion of 5 and intertemporal elastigiof substitution of 2), the
correlations in realized and expected returns range betwee0.50 and -0.70. In con-
trast, when volatility risks are incorporated, the two assts are positively correlated:

1The importance of human capital component of wealth for expaining equity prices has been
illustrated in earlier work by Jagannathan and Wang (1996) and Campbell (1996).



the correlation in return innovations is 0.20, and the cordations in discount rates
and ve-year expected returns are 0.25 and 0.40, respeciiweThe model-implied risk
premia of the wealth portfolio, human capital and equity are2.6%, 1.4% and 7.2%,
respectively. Volatility risks account for about one-thid of the total risk premium
of human capital, and about one-half of the risk premium of th wealth portfolio.
The inclusion of volatility risks has important implications for time-series dynamics
of the underlying economic shocks. For example, in our volbtly risk-based model,
discount rates are high and positive in recent recessions 2001 and 2008, which is
consistent with a sharp increase in economic volatility andsk premia during those
times. The constant-volatility speci cation, on the other hand, generates negative
discount rate news in the two recessions.

To test the pricing implications of our volatility-based DCAPM, we exploit vector-
autoregression dynamics of state variables and estimateethmodel under the null.
That is, we impose theoretical restrictions on the market pces of risks as well as
the riskless rate. In estimation, we utilize both time-sees moments and pricing
restrictions for a cross section of book-to-market and sizorted portfoliosd We
nd that all equity portfolios have negative volatility bet as, i.e., equity prices fall
on positive news about volatility. Given that investors ateich a negative price to
volatility shocks, volatility risks carry positive premia. Our volatility-based DCAPM
accounts for more than 95% of the cross-sectional variatidn risk premia and is
not rejected by the overidentifying restrictions. We nd that volatility risk accounts
for up to 2% of the overall risk premium of the market portfolo, and quantitatively
matter more for growth rather than value portfolios.

We document a strong positive correlation between the riskeemium and ex-ante
market volatility, which re ects a positive correlation beween discount rates and
volatility. We nd that in periods of recessions and those wh signi cant economic
stress, such as the Great Recession, both discount-rate seand volatility news are
large and positive. Our evidence based on the expected raiuio aggregate wealth
and its volatility and that of expected market return and its volatility are consistent
in that volatility and discount rates in both cases are strogly positively correlated.

The rest of the paper is organized as follows. In Sectibh 2 weepent a theoretical
framework for the analysis of volatility risks. We set up thelong-run risks model
to gain further understanding of how volatility a ects quartitative inference about
consumption dynamics and the stochastic discount factor.nlSection[3 we develop
an empirical framework to quantify the role of the volatility channel in the data and
discuss the model implications for the market, human capitaand wealth portfolio.
Section[4 discusses the implications of the volatility-basl DCAPM and the role

2To measure economic news, we use a standard list of predicéwariables (comprising the realized
market variance, price-dividend ratio, dividend growth, term and default spreads, and a long-term
interest rate), and unlike Campbell, Giglio, Polk, and Turl ey (2011), we do not use any portfolio-
speci ¢ characteristics such as the small-stock value spi.
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of volatility risks for explaining a broader cross-sectiorof assets. We conrm the
robustness of our results in Section 6. Conclusion follows.

2 Theoretical Framework

In this section we consider a general economic framework kitecursive utility and

time-varying economic uncertainty and derive the implicabns for the innovations
into the current and future consumption growth, returns, awl the stochastic discount
factor. We show that accounting for the uctuations in econaic uncertainty is

important for a correct inference about economic news, angnroring volatility risks

can alter the implications for the nancial markets.

2.1 Consumption and Volatility

We adopt a discrete-time speci cation of the endowment ecomy where the agent's
preferences are described by a Kreps and Porteus (1978) msore utility function of
Epstein and Zin (1989) and Weil (1989). The life-time utiliy of the agentU, satis es
" Ha
1 1 Lo d

U= (1 )C + EUL T (2.1)

where C; is the aggregate consumption level, is a subjective discount factor, is a

risk aversion coe cient, is the intertemporal elasticity of substitution (IES), and

for notational ease we denote = (1 )=(1 1): When = 1= the preferences
collapse to a standard expected power utility.

As shown in Epstein and Zin (1989), the stochastic discounigtount factor M,
can be written in terms of the log consumption growth rate, ¢+; 10gCi;  l0gCy;
and the log return to the consumption asset (wealth portfoi), rc4+1. In logs,

My = log — G *( Drepen: (2.2)

A standard Euler condition
E: [Mt+1 Rt+1] =1 (2.3)

allows us to price any asset in the economy. Assuming that thetochastic discount
factor and the consumption asset return are jointly log-nanal, the Euler equation



where we de neV,; to be the conditional variance of the stochastic discount &or
plus the consumption asset return:

1
Vt = év art(rnt+1 + rc;t+l)

= %V anMeg + Com(Mear s Feeer) + %V anret !
The volatility component V; is equal to the sum of the conditional variances of the dis-
count factor and the consumption return and the conditionatovariance between the
two, which are directly related to the movements in aggregatvolatility and the risk
premia in the economy. In this sense, we interpre¥; as a measure of the aggregate
economic volatility. In our subsequent discussion we showat, under further model
restrictions, the economic volatility \; is proportional to the conditional variance of
the future aggregate consumption, and the proportionalitcoe cient is always posi-
tive and depends only on the risk aversion coe cient. As cané seen from equation
(2.4) economic volatility shocks do not impact expected cenmption when there is no
stochastic volatility in the economy (soV, is a constant), or when the IES parameter is
one, = 1:These cases have been entertained in Campbell (1983), Carabij1996),
Campbell and Vuolteenaho (2004), and Lustig and Van Nieuwleargh (2008). In the
paper we argue for economic importance of the variation in ggegate uncertainty
and IES > 1 to interpret movements in consumption and in asset markets

(2.5)

We use the equilibrium restriction in the Equation [Z.%) to erive the immediate
consumption news. The return to the consumption asset...; which enters the
equilibrium condition in Equation (2.4) satis es the usualbudget constraint:

Wi = (W C)Reyer (2.6)

A standard log-linearization of the budget constraint yieds:
1
Feivr = o+ WGa _1WCt + G, (2.7)

wherewg  log (W;=C) is the log wealth-to-consumption ratio (inverse of the samgs
ratio), and o and ; are the linearization parameters. Solving the recursive egtion

forward, we obtain that the immediate consumption innovaon can be written as the
revision in expectation of future returns on consumption &t minus the revision in
expectation of future cash ows:

x x
Ct+1 EtCt+1 = ( Et+1 Et) J;|_rc;t+1+ j (Et+l Et) J]_ Ct+j +1 : (28)
j=0 j=1

Using the expected consumption relation iH(214), we can filmrer express the consump-
tion shock in terms of the immediate news in consumption reta, Ngr.t+; ; revisions
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of expectation of future returns (discount rate news)Npg. +1; as well as the news
about future volatility Ny.+1 :

1

NC;t+1 = NR;t+1 + (1 )NDR;t +1 t lNV;t+1; (29)

where for convenience we denote

Ncit+1 G+t EtCt+JO NRrit+1 et Etr(t')t+l;

1 1
x x o
Nort+1  (Ew1 E)@  drewjsA; Ny (Ewa E)@ VA
0 1
R

Ncrie1  (Etv1 Ep @ Jl Grj+1A = Npri+1 + NRi+1
=0

To highlight the intuition for the relationship between corsumption, asset prices
and volatility, let us de ne the news in future expected consmption Ngcg.+1 :
!
x
Necrit+1 = (Ewr Ep) b Cuja (2.11)

j=1

Note that the consumption innovation equation in [Z.4) impies that the news in future
expected consumption is driven by the discount rate news téé¢ wealth portfolio and
the news in economic volatility:

1
Necrt+1 = N prit+1 —1Nv;t+13 (2.12)

In a similar way, we can decompose the shock in wealth-to-cgmption ratio into
the expected consumption and volatility news:

(Ets1  E)WG+1 = Necrt+r Npri+t
1 1 . (2.13)

1 - NECF;t +1 —1Nv;t+1

When the IES is equal to one, the substitution e ect is equald the income
e ect, so the future expected consumption moves one-to-omgth the discount rate
news. As the two news exactly o set each other, the wealth-toonsumption ratio is
constant so that the agent consumes a constant fraction ofted wealth. On the other
hand, when the IES is not equal to one, the movements in expedt consumption
no longer correspond to the movements in discount rates whaggregate volatility is
time-varying. Indeed, uctuations in economic volatility lead to the time variation
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in the risk premia which directly a ects the discount ratedd In Sections 3 and 4
we empirically document that "bad" economic times are ass@ted with low future
expected growth, high risk premia and high uncertainty, sohat the volatility news
co-move signi cantly positively with the discount rate neve and negatively with the
cash- ow news. This evidence is consistent with the economrestriction in (Z.12)
when volatility risks are accounted for: when the IES is abavone, volatility shocks
directly lower future expected consumption and can o set aisultaneous increase in
discount rates. However, ignoring the volatility news, thestructural equation (Z.12)
would imply that news to future consumption and discount ra¢s news are perfectly
positively correlated, so that the bad times of high volatity and high discount rates
would correspond to the good times of positive news to futureonsumption. This
stands in a stark contrast to the empirical observations andconomic intuition, and
highlights the importance of volatility risks to correctly interpret the movements in
consumption and asset prices.

2.2 Asset Prices and Volatility

The innovation into the stochastic discount factor impliedby the representation in
Equation (Z2.2) is given by,

My+q Etmt+1 = —( Ci+1 Et Ct+1)+( 1)(rc;t+1 Etrc;t+l): (214)

Substituting the consumption shock in Equation[(Z.B), we diain that the stochas-
tic discount factor is driven by future cash ow news,Ncg.+1; future discount rate
news,Npg: +1 ; and volatility news, Ny.i.1 :

M1 EtMir = N crit+1 + Nprit+1 + Nyiger - (2.15)

As shown in the above equation, the market price of the caslew risk is ;
and the market prices of volatility and discount rate news a& equal to negative 1.
Notably, the volatility risks are present at any values of tle IES. Thus, even though
with IES equal to one ignoring volatility does not lead to themis-speci cation of the
consumption shock, the inference on the stochastic discauactor is still incorrect
and can signi cantly a ect the interpretation of the asset markets.

3Time-varying risk aversion would also induce time-varyingrisk premia. However, the volatility
dynamics we use is directly estimated from the observable n@o quantities. In contrast, the process
for variation in risk aversion is more di cult to directly me asure in the data.



Given this decomposition for the stochastic discount factpwe can rewrite the
expression for the ex-ante economic volatility; in (2.5) in the following way:

1
Vi = §V ar(Mey + Feen)

1
= EV arc( Ncrts1 + Nprit+1 + Nyier + Ngie1) (2.16)

1
= QV ar ((1 INcri+1 + Nyite1) ;

where in the last equation we used the identity that the sum othe immediate and
future discount rate news on the wealth portfolio is equal téhe current and future
consumption news. Consider the case when the variance ofatdity news Ny...; and
its covariance with cash- ow news are constant (i.e., voldity shocks are homoscedas-
tic). In this case, V, is driven by the variance of current and future consumption
news, where the proportionality coe cient is determined oty by the coe cient of
risk-aversion:

1
V; = const+ é(1 )2V ar,(Ncp+1): (2.17)

Hence, the news inV; correspond to the news in the future variance of long-run
consumption shocks; in this sens#j is the measure of the ex-ante economic volatility.
Further, note that when there is a single consumption voldity factor, we can identify
V; from the rescaled volatility of immediate consumption newsV; = const+ %(1

)2Var( c+1); where is the scaling factor which is equal to ratio of the variance
of long-run consumption growth to the variance of current azsumption growth,

= Var(Ncrg)=VarnNc): (2.18)

We impose this structural restriction to identify economicvolatility shocks in our
empirical work.

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

1
Etliger  Iee + EV anrit+r = COM( Mg TFigsr): (2.19)

Hence, knowing the exposures (betas) of a return to the funohental sources of
risk, we can calculate the risk premium on the asset, and denpose it into the risk
compensations for the future cash- ow, discount rate, andolatility news:

1
Eirit+ rg + =Varrits
thit+1 ft 2 thit+1 (2.20)

= CoV(rit+1;Ncri+1) Cou(rit+1;Npri+1) CoM(rit+1;Nyits1):



Consider a case when the volatility is constant and all the eaomic shocks are
homoscedastic. First, it immediately implies that the rewsion in expected future
volatility news is zero, Ny..+; = O: Further, when all the economic shocks are ho-
moscedastic, all the variances and covariances are constamhich implies that the
risk premium on the consumption asset is constant as well. Th, the discount rate
shocks just capture the innovations into the future expecterisk-free rates. Hence,
under homoscedasticity, the economic sources of risks i the revisions in future
expected cash ow, and the revisions in future expected ridkee rates:

NoV ol NoVol _ .
my1 o Emis ® = Necrrsr + Ngpgeas (2.21)

P .
— 1
fOT NRF;t +1 — ( Et+1 Et) j=1 J;l_rf;t +]

When volatility is constant, the risk premia are constant ad determined by the
unconditional covariances of asset returns with future risfree rate news and future
cash- ow news. Further, the beta of returns with respect to idcount rate shocks,
Npr:t+1; Should just be equal to the return beta to the future expectedisk-free
shocks,Nget+1: In several empirical studies in the literature (see e.g., @Ggpbell and
Vuolteenaho (2004)), the risk-free rates are assumed to benstant. Following the
above analysis, it implies, then, that the news about futureliscount rates is exactly
zero, and so is the discount-rate beta, and all the risk preomn in the economy
is captured just by risks in future cash- ows. Thus, ignoriig volatility risks can
signi cantly alter the interpretation of the risk and retur n in nancial markets.

2.3  Mis-Speci cation of Consumption and SDF

To gain further understanding of how volatility a ects quartitative inference about
consumption, the stochastic discount factor, asset pricesd risk premia, we utilize
a standard long-run risks model of Bansal and Yaron (2004). his model captures
many salient features of the macroeconomic and asset markkgtta and importantly

ascribes a prominent role for the volatility risk]

In a standard long-run risks model, consumption dynamics saes

CG+1 = T Xttt o, (2.22)
Xte1 = Xi¢+ ' et t+1; (2.23)
t2+1 = g + ( t2 5) T wWier; (2.24)

4See Bansal and Yaron (2004) and Bansal, Kiku, and Yaron (200%) for a discussion of the
long-run risks channels for the asset markets and specicif the role of volatility risks, Bansal
et al. (2005b) for early extensive empirical evidence on the role fovolatility risks, and Eraker and
Shaliastovich (2008), Bansal and Shaliastovich (2010), ah Drechsler and Yaron (2011), for the
importance of volatility risks for derivative markets.



wherex; drives the persistent variation in expected consumption @h 2 is the condi-
tional variance of the consumption shocks. Innovation; is a short-run consumption
shock, . is the shock to the expected consumption growth, and; is the volatility
shock; for parsimony, these three shocks are assumed toilnd Normal.

As shown in Bansal and Yaron (2004), the innovation in the edjibrium stochastic
discount factor satis es,

(Ets1  E)Miq = c ot t+l X et t+l wWi+1 (2.25)

where ; x and  denote the market prices of short-run, long-run and volaitly
risk, respectively; their expressions are provided in theppendix. In particular, with
preference for early resolution of uncertainty (> 1= ); the market price of volatility
risks is negative: < 0; so that high volatility represents bad states for investors
in which their marginal utility goes up. Further, when IES paameter is above one,
the equilibrium equity valuations fall at times of high voldility, consistent with the
empirical evidence documented in Bansat al. (2005b). Negative asset beta coupled
with negative market price of volatility risks leads to a posive risk premium for
volatility shocks in the model. Further, note that the risk premium in the economy
is time-varying and driven by the conditional volatility of consumption 2: When the
conditional volatility of economic shocks is constant, thease considered in Campbell
(1996), the risk premia on all the assets should be constantes time.

We use a standard calibration of the model to evaluate the esmt of the mis-
measurement of the innovations into consumption and stochic discount factor if
one ignores the presence of volatility. The parameter conugation used in the model
simulation is similar to Bansal, Kiku, and Yaron (2009b) ands presented in Table
[Adlin the Appendix. The model is calibrated to match a wide rage of asset-market
and consumption moments in the data and thus provides a reslic laboratory for
our analysis. We document the key moments of the consumptiand asset-market
data in Table [, and provide the model-implied output in the Apendix Table[A2.
Notably, the model produces a signi cant positive correlabn between the discount
rate news and the volatility news: it is 60% for the consumpbin asset, and 90%
for the market. Further, for both consumption and market retirn, most of the risk
compensation comes from the cash- ow and volatility news, hile the contribution of
the discount rate news is quite small.

Table [2 reports the implied consumption innovations when \atility is ignored,
that is when the term Ny is not accounted for in constructing the consumption inno-
vations. In constructing the implied consumption innovatbns via equation [(2.D) we
use the equilibrium solutions foMNg.t+1, Npr:t+1, @and Ny.+1 implied by the long-run
risks model. In particular, we assume that the consumptioneturn newsNgr.t+; and
Nprit+1 Can be identi ed correctly in the simulated data even if the eonometrician
ignores volatility component in the analysis.
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The top panel of Table[2 shows that when IES is not equal to onéhe implied
consumption innovations are distorted. In particular, wha IES is equal to two, the
volatility of consumption innovations is about twice that d the true consumption
innovations, and the correlation between the true consumjan shock and the implied
consumption shock is only 50%. Similar distortions are prest when the IES is less
than one. In the bottom panel of Table[2 we report the implicabns of ignoring
volatility for the stochastic discount factor. When volatiity is ignored, for all values
of the IES the SDF's volatility is downward biased by about oa-third. The market
risk premium is almost half that of the true one, and the corrdations of the SDF with
the return, discount rate, and cash- ow news are distortedFinally, it is important to
note that even when the IES is equal to one, the SDF is still ngpeci ed. In all, the
evidence clearly demonstrates the potential pitfalls thatnight arise in interpreting
asset pricing models and the asset markets sources of rigkhe volatility channel is
ignored.

The analysis above assumed the researcher has access to #term on wealth,
ret+1 . IN Many instances, however, that is not the case (e.g., Catogll and Vuolteenaho
(2004), Campbell (1996)) and the return on the market .+, is utilized instead. The
fact the market return is a levered asset relative to the consption/wealth return
exacerbate the inference problems shown earlier. In padiar, Table in the
Appendix shows that when the IES is equal to two, the volatity of the implied con-
sumption shocks is about 14.3%, relative to the true volatil of only 2.5%. Campbell
(1996) (Table 9) reports the implied consumption innovatins based on equatioi{219)
when volatility is ignored and the return and discount rate Bocks are read o a VAR
using observed nancial data. The volatility of the consumpion innovations when
the IES is assumed to be 2 is about 22%, not far from the quantidisplayed in our
simulated model in Table[AH As in our case, lower IES values lead to somewhat
smoother implied consumption innovations. While Campbel{1996) concludes that
this evidence is more consistent with a low IES, the analysisere suggests that in
fact this evidence is consistent with an environment in whicthe IES is greater than
one and the innovation structure contains a volatility compnent.

3 Volatility, Aggregate Wealth and Consumption

In this section we develop and implement a volatility-baseghermanent income hy-
pothesis framework to quantify the role of the volatility clannel for the asset markets.
As the aggregate consumption return (i.e., aggregate welalteturn) is not directly
observed in the data we assume that it is a weighted combinati of the return to
the stock market and human capital. This allows us to adopt atandard VAR-based

5The data used in Campbell (1996) is from 1890-1990 which leadto slightly higher volatility
numbers than the calibrated model produces.
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methodology to extract the innovations to consumption reten, volatility, SDF, and
assess the importance of the volatility channel for return® human capital and equity.

3.1 Econometric Speci cation

Denote X a vector of state variables which include annual real consyation growth
¢; real labor income growth vy;; real market return rgy; market price-dividend
ratio pd; and the realized variance measurBV, :

Xy = G Yi rax pd RV ° (3.1)

For parsimony, we focus on a minimal set of economic variablén our benchmark
empirical analysis, and in Section 6 we con rm that our main esults are robust to
the choice of predictive variables, volatility measuremés and estimation strategy.

The vector of state variablesX, follows a VAR(1) speci cation, which we refer to
as Macro VAR:

Xiv1 = x +  X¢+ U (3.2)

where is a persistence matrix and x is an intercept. Shockau;,; are assumed to
be conditionally Normal with a time-varying variance-covaance matrix :

To identify the uctuations in the aggregate economic volatity, we include as
one of the state variables a realized variance measure basedthe sum of squares of
monthly industrial production growth over the year:

)Q.Z
RViy = ipt2+j=12: (3.3)
j=1

Constructing the realized variance from the monthly data hes us capture more
accurately the uctuations in the aggregate macroeconomigolatility in the data,
and we use industrial production because high-frequencyateconsumption data is
not available for a long sample. For robustness, we checkduaat our results do not
materially change if we instead construct the measure based the realized variance of
annual consumption growth. To ensure consistency, we reaée industrial production
based realized variance to match an average level of consuinip variance.

The expectations ofRV,.; implied by the dynamics of the state vector capture the
ex-ante macroeconomic volatility in the economy; this wayfaeextracting conditional
aggregate volatility is similar to Bansalet al. (2005b), Bansal, Kiku, and Yaron
(2007b), among others. Following the derivations in Sectid2, the economic volatility
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V; then becomes be proportional to the ex-ante expectation ofie realized variance
RVi+1 based on the VAR(1):

1
Vi= Vot 5 (1 )?E{RVis1
1 (3.4)
= Vp+ > 1 )AE2 X

whereV, is an unimportant constant which disappears in the expressis for shocks,
iy is a column vector which picks out the realized variance meag from X;; and

is a parameter which captures the link between the observedgregate consumption
volatility and V;: In the model with volatility risks, we x the value of to the ratio
of the variances of the cash- ow to immediate consumption mes, consistent with
the theoretical restriction in Section 2. In the speci caton where volatility risks are
absent, the parameter is set to zero.

Following the above derivations, the revisions in future gectations of the eco-
nomic volatility can be calculated in the following way:

Nuga = 5 (@ V%0 + Qi 35)

where Q is the matrix of the long-run responsesQ = 1 ( | )

The VAR speci cation implies that shocks into immediate maket return, N&. ., ;
and future market discount rate newsNgg. ,; ; are given bﬁ

d  — 0, . d — 0 :
Ngira = ItUteas Nprysg = 17 QU ; (3.6)

wherei, is a column vector which picks out market return component ém the set
of state variablesX;:

While the market return is directly observed and the market eturn news can
be extracted directly from the VAR(1), in the data we can onlyobserve the labor
income but not the total return to human capital. We make the 6llowing identifying
assumption, identical to Lustig and Van Nieuwerburgh (2008 that expected labor
income return is linear in the state variables:

Etry;t+1 = + b%(t, (37)

where b captures the loadings of expected human capital return to #h economic
state variables. Given this restriction, the news into futve discounted human capital
returns, N2x. .1 ; is given by,

NE/)R;t a =B QU (3.8)

8In what follows, we use superscript "d" to denote shocks to the market return, and superscript
"y" to identify shocks to the human capital return. Shocks without the superscript refer to the
consumption asset, consistent with the notations in Sectia 2.
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and the immediate shock to labor income returniN., ., ; can be computed as follows:
!

x
Nii+1 = (Et1  Ep) b Vi N2rit 41
t+ ,-:o it (3.9)
00+ Quur B 'Quiss;

where the column vectoriy picks out labor income growth from the state vectoiX;:

To construct the aggregate consumption return (i.e.,agggate wealth return), we
follow Jagannathan and Wang (1996), Campbell (1996), Letteand Ludvigson (2001)
and Lustig and Van Nieuwerburgh (2008) and assume that it is portfolio of the
returns to the stock market and returns to human capital:

Fee = (1 P)rae+Ir gy (3.10)

The share of human wealth in total wealth! is assumed to be constant. It imme-
diately follows that the immediate and future discount ratenews on the consumption
asset are equal to the weighted average of the correspondingws to the human
capital and market return, with a weight parameter! :

Nrit+1 = (1 ! )ng;t+1 +IN I%;t+1;

(3.11)
NDR;t+1 = (1 ! )NSR;t +1 +IN él)R;t +1:

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

Equations (3.6)-(3.9).

Finally, we can combine the expressions for the volatility @ws, immediate and
discount rate news on the consumption asset to back out the pied immediate
consumption shock following the Equation[{Z219):

1
1 I\IV;t+1

C+1  EiCs1 = Nrysr +(1 )NpRrit+1 +
l(l 1)i%Q + ! (iS(I{; Q P 'Q Ut+1}

NR;t +1
+(1 )l(l !)i?Q +{Z!b0 'Q Ut+§+ —::II: % (1 {;zi\?Qutﬁl}
NpRrit +1

Nv;t +1
q(b) s :
(3.12)

The vector g(b) de ned above depends on the model parameters, and in pariar,
it depends linearly on the expected labor return loadingb: On the other hand, as
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consumption growth itself is one of the state variables irXy; it follows that the



The Macro VAR estimation results are reported in Tabl€13. Thenagnitudes ofR?
in the regressions vary from 10% for the market return to 80%f the price-dividend
ratio. Notably, the consumption and labor income growth rags are quite predictable
with this rich setting, with the R? of 60% and nearly 40%, respectively. Because of the
correlation between the variables, it is hard to interpretmdividual slope coe cients
in the regression. Note, however, that the ex-ante consumeh volatility is quite
persistent with an autocorrelation coe cient of 0.63 on anmal frequency, and it
loads signi cantly and negatively on the market price-divilend ratio.%

We plot the ex-ante consumption volatility and the expectedconsumption growth
rate on Figure[2. The evidence on persistent uctuations inhe ex-ante macroeco-
nomic volatility and the gradual decline in the volatility over time is similar to the
ndings in Stock and Watson (2002) and McConnell and Perez4@ros (2000). No-
tably, the volatility process is strongly counter-cyclicé its correlation with the NBER
recession indicator is -40%, and it is -30% with the expectedal consumption growth.
Consistent with this evidence, the news in future expectedonsumption implied by
the Macro VAR, Necr ; is sharply negative at times of high volatility. Indeed, as
shown in Table[4, future expected consumption news are on axge -1.70% at times
of high (top 25%) versus 2.23% in low (bottom 25%) volatilitytimes. Further, in
Figure[2 we plot a Macro VAR impulse response of consumptiomagvth to one stan-
dard deviation shock in ex-ante consumption volatilityV ar, .1 ; see Appendix for
the details of the computations. One standard deviation vatility shock corresponds
to an increase in ex-ante consumption variance by :@5%yY: As shown in the Figure,
consumption growth signi cantly declines by almost 1% on ta impact of volatility
news and remains negative up to ve years in the future. The sponse of the labor
income growth is similar.

In the full model with volatility risks, the volatility news is strongly correlated
with the discount rate news in the data. As documented in Talel[4, the correlation
between the volatility news and the discount rate news on thmarket reaches nearly
90%, and the correlations of the volatility news with the disount rate news to labor
return and the wealth portfolio are 30% and 80%, respectiwel A high correlation
between the volatility news and the discount rate news to thevealth return is evident
on Figure[4. These ndings are consistent with the intuitionof the economic long-
run risks model where a signi cant component of the discountate news is driven
by shocks to consumption volatility (see Section 2.3). On #hother hand, when the
volatility risks are absent, the discount rate news no longee ect the uctuations in
the volatility, but rather mirror the revisions in future expectations of consumption.
As a result, the correlation of the implied discount rate new with volatility news
becomes -0.85 for the labor return, and -0.3 for the wealth gfolio. The implied
discount rate news ignoring volatility risks is very di erent from the discount rate
news when volatility risks are taken into account. For examp, when volatility risks

"The process for realized volatility is obviously more volatle and less persistent.
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are accounted for, the measured discount rate news is 5.14%the latest recession
of 2008 and 0.91% in 2001. Without the volatility channel, heever, it would appear
that the discount rate news is negative at those times: the masured discount rate
shock is -2.86% in 2008 and -0.73% in 2001. Thus, ignoring thaatility channel,
the discount rate on the wealth portfolio can be signi canty mis-speci ed due to
the omission of the volatility risk component, which would Her the dynamics of the
aggregate returns as we discuss in subsequent section.

3.3 Labor, Market and Wealth Return Dynamics

Table[H reports the evidence on correlations between immatk and future returns on
the market, human capital and wealth portfolio. Without the volatility risk channel,
shocks to the market and human capital returns are signi caty negatively correlated,
which is consistent with the evidence in Lustig and Van Nieugrburgh (2008). Indeed,
as shown in the top panel of the Table, the correlations betwa immediate stock
market and labor income return newsNg,., and N%..,; the discount rate news,
NZri+1 and N, ., ; and the future long-term (5-year) expected returnsgrf .,s
andEr}, .,5;range between -0.50 and -0.70. All these correlations turgitive when
the volatility channel is present: the correlation of immetate return news increases
to 0.20; and for discount rates and the expected 5-year retws it goes up to 0.25
and 0.40, respectively. Figurél3 plots the implied time-sies of long-term expected
returns on the market and human capital. A negative correladbn between the two
series is evident in the model speci cation which ignores hatility risks. The evidence
for the co-movements of returns is similar for the wealth anduman capital, and the
market and wealth portfolios, as shown in the middle and lowepanels of Table[5.
Because the wealth return is a weighted average of the markahd human capital
returns, these correlations are in fact positive without tk volatility channel. These
correlations increase considerably and become closer teeance the volatility risks
are introduced. For example, the correlations between immdiate and future expected
news on the market and wealth returns rise to 80% with the voléity risk channel,
while without volatility risks the correlation is 0.07 for the discount rates, 0.26 for
the 5-year expected returns and 0.46 for the immediate returshocks.

To understand the role of the volatility risks for the propeties of the wealth
portfolio, consider again the consumption equation in_(Z2), which for convenience
we reproduce below:

!
x 1

(Et+1 Et) Jl Ct+j+1 = N DR;t +1 —1NV;t+1

j=1

y d
IN pri+1 ¥ (1 P)Npri+s ——Nvit+1

(3.15)
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When the volatility risks are not accounted for,N, = 0 and all the variation in the
future cash ows is driven by news to discount rates on the mket and the human
capital. However, as shown in Tablél4, in the data consumptiogrowth is much
smoother than asset returns: the volatility of cash- ow new is about 5% relative to
14% for the discount rate news on the market. Hence, to expharelatively smooth
variation in cash ows in the absence of volatility news, thediscount rate news to
human capital must o set a large portion of the discount ratenews on the market,
which manifests as a large negative correlation between thgo returns documented
in Table . On the other hand, when volatility news is accoumtd for, they remove
the risk premia uctuations from the discount rates and isate the news in expected
cash ows. Indeed, a strong positive correlation between hatility news and discount
rate news in the data is evident in Tabld4. This allows the mad to explain the
link between consumption and asset markets without forcing negative correlation
between labor and market returns.

We use the extracted news components to identify the innovan into the stochas-
tic discount factor, according to Equation [Z.1b), and docment the implications for
the risk premia in Table[6. At our calibrated preference pamaeters, in the model
with volatility risks the risk premium on the market is 7.2%;it is 2.6% for the wealth
portfolio, and 1.4% for the labor return. Most of the risk prenium comes from the
cash- ow and volatility risks, and the volatility risks contribute about one-half to the
overall risk premia. The discount rate shocks contribute viually nothing to the risk
premia. These ndings are consistent with the economic loagin risks model (see
Table [A.2). Without the volatility channel, the risk premia are 2.3% for the market,
0.9% for the wealth return and 0.5% for the labor return.

While the main results in the paper are obtained with preferece parameters =5
and =2;in Table[7 we document the model implications for a range of ¢hlIES pa-
rameter from 0.5 to 3.0. Without the volatility channel, thecorrelations between labor
and market returns are negative and large at all consideredlues for the preference
parameters, which is consistent with the evidence in Lustignd Van Nieuwerburgh
(2008). In the model with volatility risks, one requires IESsu ciently above one
to generate a positive link between labor and market returngwith IES below one,
the volatility component no longer o sets risk premia varidion in the consumption
equation, which makes the labor-market return correlatiosm even lower than in the
case without volatility risks. The evidence is similar for ther values of risk aversion
parameter. Higher values for risk aversion lead to highersk premium, that is why
we chose moderate values ofin our analysis.
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4 Volatility-Based Dynamic CAPM

To further highlight the importance of volatility risks for understanding the dynamics
of asset prices, we use a market-based VAR approach to newsataposition. As fre-
guently done in the literature, here, we assume that the wel portfolio corresponds
to the aggregate stock market and, therefore, is observabl&his assumption allows
us to measure cash- ow, discount-rate and volatility newsicectly from the available
stock market data. As shown in Sectiofl3, in a more general 8ag that explicitly
makes a distinction between aggregate and nancial wealthnd accounts for time-
variation in volatility, realized and expected returns on walth and stock market are
highly correlated. This evidence suggests that we should béle to learn about time-
series dynamics of fundamental risks and their prices fronhé observed equity data.
Furthermore, to sharpen identi cation of underlying risks we will extract them by
exploiting both time-series and cross-sectional momentsteictions.

The theoretical framework here is same as the one in Sectidnwih the return
on the consumption asset equal to the return on the market ptiolio. Hence, the
equilibrium risk premium on any asset is determined by its gposure to the innova-
tion in the market return and news about future discount rate and future volatility.
The multi-beta implication of our model is similar to the muti-beta pricing of the in-
tertemporal CAPM of Merton (1973) where the risk premium depnds on the market
beta and the asset exposure to state variables that captur@danges in future invest-
ment opportunities. What distinguishes our volatility-based dynamic capital asset
pricing model (DCAPM) from the Merton's framework is that, in our model, both
relevant risk factors and their prices are identi ed and pined down by the underlying
model primitives and preferences. This is important from aempirical perspective as
it provides us with testable implications that can be taken o the data. Note also that
in our volatility-based DCAPM, derived from recursive preérences, the relevant eco-
nomic risks comprise not only short-run uctuations (as in he equilibrium C-CAPM
of Breeden (1979)) but also risks that matter in the long run.

4.1 Market-Based Setup

As derived above, the stochastic discount rate of the econgns given by:
mt+1 Etmt+l = N CFt+1 + NDR;t +1 + NV;t+1: (41)

In order to measure news components from equity data, we assel that the state of
the economy is described by vector:

Xt (RVie; zi; d tsg; dsg; i)
where RV, is the realized variance of the aggregate market portfolioz; is the log
of the market price-dividend ratio; d; is the continuously compounded dividend
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growth of the aggregate market; ts; is the term spread de ned as a di erence in
yields on the 10-year Treasury bond and three-month T-bill;ds; is the yield di er-
ential between Moody's BAA- and AAA-rated corporate bondsand i; is the log of
the real long-term interest rate. The data are real, sampledn an annual frequency
and span the period from 1930 till 2010. The realized variaads constructed by sum-
ming up squared monthly rates of market return within a year.The real long-term
rate is measured by the yield on the 10-year Treasury bond adjted by in ation
expectations. Excess returns on the market and a cross seatiare constructed by
subtracting the annualized rate on the three-month Treasuyr bill from annual, nom-
inal equity returns. Our state vector comprises variableshiat are often used in the
return-forecasting literature. We discuss the robustnessf our evidence to the state
speci cation below.

We model the dynamics oiX; via a rst-order vector-autoregression:
Xiv1 = x +  X¢+ U (4.2)

where isa (6 6)-matrix of VAR coe cients, x isa (6 1)-vector of intercepts,
and ui+1 is a (6 1)-vector of zero-mean, conditionally normal VAR innovatins.
Note that the dynamics of the log return on the aggregate maek portfolio (r) are
implied by the dynamics of its price-dividend ratio and divilend growth:

Me1 = ot O+ 1Zt1 Zt; (4.3)

where ¢ and ; are constants of log-linearization. To construct cash- owdiscount-

rate and volatility news we iterate on the VAR, using the samalgebra as in Section
3.1 with a simpli cation that all news components are now diectly read from the

VAR since the return on the market is assumed to represent theturn on the overall

wealth. For example, discount rate news is computed as:

0
Nprit+1 = 0 g+ 10z QU ; (4.4)

wherei, andi 4 are (6 1) indicator vectors with an entry of one in the second and
third positions, respectively, andQ = 1 ( | 1) ! Other news components are
computed in a similar way.

We use the extracted news to construct the innovation in thetgchastic discount
factor and price a cross section of equity returns by explailg the Euler equation,
ie.,

Ei Rit+1 R Cov My EiMuaricsr Eilitea (4.5)

Covi Ncrits1s i+t Covt Nprit+1; it+1 Cou Nvits1; it+1

whereE; Rit+1  Ryg is the arithmetic risk premium of asset, and jt+1  Tit+1
Eirit+1 IS the innovation into assett return. It is important to emphasize that we
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carry out estimation under the null of the model. In particulr, we restrict the
premium of a zero-beta asset and impose the model's restiacts on the market prices
of discount-rate and volatility risks. The price of cash- av risks (i.e., risk aversion)
is estimated along with time-series parameters of the model

To extract return innovations for the cross section, we usenaconometric approach
similar to Bansal, Dittmar, and Lundblad (2005a) and Bansal Dittmar, and Kiku
(2009a) that allows for a sharper identi cation of long-runcash- ow risks in asset
returns. In particular, for each equity portfolio, we estinate its long-run cash- ow
exposure (i) by regressing portfolio's dividend growth rate on the thre-year moving
average of the market dividend growth:

die = i+ § oot ﬁt ; (4.6)

where d;; is portfolio-i dividend growth, ~di 2 ¢ is the average growth in market
dividends from timet 2 tot, and }’t denotes idiosyncratic portfolio news. Using
the log-linearization of return:

Fits1 = ot  Ohts1 + 1Zit+1 Zix (4.7)
the innovation into assett return is then given by:
o1 = i( Ot B Gua)* St i A (4.8)

wherez;; is the price-dividend ratio of portfolioi, ;.o and ., are portfolio-specic

constants of log-linearization, ( div;  E¢ dip) is the VAR-based innovation in

the market dividend growth rate, and 7, ,, is the innovation in the portfolio price-

dividend ratio obtained by regressing;;+; on the VAR state variables. We use the
extracted innovation in the portfolio return to construct the risk-premium restriction

given in Equation @3)@

To extract news and construct the innovation in the stochast discount factor,
we estimate time-series parameters and the coe cient of #saversion using GMM by
exploiting two sets of moment restrictions. The rst set of noments comprises the
VAR orthogonality moments; the second set contains the Euleequation restrictions
for the market portfolio and a cross-section of ve book-tanarket and ve size sorted
portfolios. To ensure that the moment conditions are scaleappropriately, we weight
each moment by the inverse of its variance and allow the weighto be continuously
up-dated throughout estimation. Further details of the GMMestimation are provided
in Appendix C.

80ur empirical results remain similar if instead we rely on the cointegration-based speci cation
of Bansalet al. (2009a).
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4.2 Ex-Ante Volatility and Discount-Rate Dynamics

The GMM estimates of the market-based VAR dynamics are prested in Table [8.
As shown in the rst row of the table, the realized variance othe market return
is highly predictable with an R? of more than 60%. Time-variation in the one-year



in book-to-market characteristics and monotonically deling with size. Value and
small stocks in the data are more sensitive to persistent daow risks than are
growth and large rms, which is consistent with the evidencén Bansalet al. (2005a),
Hansen, Heaton, and Li (2008) and Bansadt al. (2009a).

Second, we nd that all assets have negative exposure to dismt-rate and volatil-
ity risks. That is, in the data, prices of all equity portfolios tend to fall when discount
rates or volatility are expected to be high. Because the pes of discount-rate and
volatility risks, according to the model, are equal to negate one, both risks carry
positive premia. The documented positive compensation faolatility risks is con-
sistent with the evidence of a positive variance premium repted in Drechsler and
Yaron (2011), and Bollerslev, Tauchen, and Zhou (2009). Tke papers show that
the estimate of the variance risk premium de ned as a di erece between expected
variances under the risk-neutral and physical measure istanly positive on average,
it is almost always positive in time series. Our ndings are lso con rmed by the
option-based evidence in Coval and Shumway (2001) who shohat, in the data,
average returns on zero-market-beta straddles are signaotly negative. Recently,
Campbellet al. (2011) also consider an ICAPM framework with time-varying @latil-
ity. They, however, report a negative compensation for voldity risks which con icts
with the discussed evidence on the variance risk premium amxpected straddle re-
turns. From an economic standpoint, high volatility statesare states of low prices and
low aggregate wealth. Hence, volatility risks should carrg positive risk premium.

The evidence in Tabld P also shows that discount-rate and waility risks, each,
account for about 20% of the overall market risk premium, andeem to a ect the
cross section of book-to-market sorted portfolios in a sitar way. Both discount-rate
and volatility risks matter more for the valuation of growth rms than that of value
rms. This is consistent with economic intuition that growth rms, whose cash ows
are shifted to the future, are more exposed to risk-premia drdiscount-rate variation.

Overall, our volatility-based DCAPM accounts for about 96%ef the cross-sectional
variation in risk premia, and implies a value premium of 6.1%nd a size premium
of about 6.8%. The cross-sectional t of the model is illusated in Figure[@(a). The
estimate of the market price of cash- ow risks is statistidéy signicant: b = 2:64
(SE=0.41), and the model is not rejected by the overidentiing restrictions: the 2
test statistic is equal to 7.74 with a p-value of 0.65.

Our empirical evidence is fairly robust to economically resnable changes in the
VAR speci cation, sample period or frequency of the data. Foexample, omitting
term and default spreads from the VAR yields a p-value of 0.25The estimation of
the model using post-1964 quarterly-sampled data results & 2 statistic of 8.1 with
a corresponding p-value of 0.33. Across these alternatiyeesi cations, the estimates
of the market price of cash- ow risks continue to be signi cat, and the extracted
discount-rate and volatility risks remain strongly positively correlated.
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4.4 Asset Pricing Implications of the Restricted DCAPM

In addition to the unrestricted model discussed above, we msider a speci cation that

ties the dynamics of the expected return of the market portfm to the dynamics of its

conditional variance. This restricted speci cation has tle advantage of allowing for a
better identi cation of the role of volatility risks and is motivated by a documented
tight link between discount-rate and volatility news. The atimation details of this

set-up are presented in Appendix D.

Table [T0 presents the asset pricing implications of the re#tted volatility-based
DCAPM that incorporates the constraint on the dynamics of tke risk premium. It
reports the model-implied premia of the aggregate market dnthe cross section,
and portfolio betas with respect to each risk source. Congst with the evidence
from the unrestricted model, cash- ow risks remain the key eterminant of the level
of the risk premium and its dispersion in the cross section. til§ volatility risks
contribute signi cantly. At the aggregate level, about 2% & the premium is due to
volatility risks. Thus, volatility risks account for about 25% of the overall market
premium. At the cross-sectional level, the contribution ofvolatility risks is fairly
uniform across size-sorted portfolios, but displays somargible heterogeneity in the
book-to-market sort. Value rms in the data seem to be quitemmune to volatility
risks, and therefore carry an almost zero volatility risk pgmium. Growth rms, on the
other hand, are relatively sensitive to news about future eanomic uncertainty. The
restricted speci cation is not rejected by the test of ovedentifying restrictions and,
as shown in FigurdB(b), accounts for a large portion of the @ss-sectional variation
in risk premia. Once again notice that all equity portfolioshave negative exposure to
volatility risks, and therefore, provide investors with paitive volatility premia.

The variance decomposition of the stochastic discount famt reveals that 52% of
the overall variation in the SDF is due to cash- ow risks and bout 12% is due to
volatility risks. While the direct contribution of volatil ity risks may seem modest,
they account for another 32% of the variation in the SDF throgh their covariation
with cash- ow news. Similar to the consumption-based eviahee presented in Section
[3, cash- ow news rises during expansions and falls in redess, while news about
future uncertainty exhibits strongly counter-cyclical dyhamics. Volatility risks have
a sizable e ect on the dynamics of asset prices. A one-stamdadeviation increase
in volatility news leads to a negative 11% fall in the return bthe aggregate market
portfolio.

To summarize, our empirical evidence in Sectidd 4 highlightthe importance of
volatility risks for understanding the cross-sectional sk-return tradeo. We show
that revisions in expectations about future volatility corribute signi cantly to the
overall variation in the stochastic discount factor. In thedata, equity prices fall when
volatility news and marginal utility are high. Therefore, \olatility risks carry a sizable
and positive risk premium.
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5 Robustness

We conduct a number of robustness checks to ensure that our imaesults are not



fact, is slightly larger relative to the case when volatily shocks are homoscedastic.
On average, volatility risks account for about 25% of the ovall risk premia in the
cross-section, and about 40% of the total premium of the maek portfolio. The
contribution of volatility risks varies signi cantly across stocks sorted on book-to-
market characteristic. Similar to the implications of our enchmark speci cation,
growth stocks are more sensitive to volatility (and discourrate) variation than value
stocks are.

Conclusions

In this paper we show that volatility news is an important souce of risk that a ects
the measurement and interpretation of underlying risks intie economy and nan-
cial markets. Our theoretical analysis yields a dynamics sst pricing model with
three sources of risks: cash- ow, discount-rate and voléty risks, each carrying a
separate risk premium. We show that ignoring volatility riks may lead to sizable
mis-speci cations of the dynamics of the stochastic discatifactor and equilibrium
consumption, and distorted inferences about risk and retar Calibrating an o -the-
shelf, long-run risks model, we nd that potential distortions caused by neglecting
time-variation in economic volatility are indeed signi cant and manifest in large up-
ward biases in the volatility of consumption news and largeaivnward biases in the
volatility of the implied stochastic discount factor and, @nsequently, risk premia.

Consistent with the existing empirical evidence, we documethat both macro-
economic and return-based measures of volatility are highpersistent. Importantly,
we also nd that, in the data, a rise in volatility is typically accompanied by a
signi cant decline in realized and expected consumption, fall in equity prices and an
increase in risk premia. That is, high volatility states arestates of high risk reinforced
by low economic growth and high discount rates. This evideacis consistent with
the equilibrium relationship among volatility, consumpton and asset prices implied
by our model. A speci cation that ignores time-variation involatility, in contrast to
the data, would imply an upward revision in expected lifetire consumption following
an increase in discount rates and would clearly fail to accoufor a strong positive
correlation between volatility and discount-rate risks.

The empirical evidence we present highlights the importarcof volatility risks for
the joint dynamics of human capital and equity returns, and e cross-sectional risk-
risk tradeo . Our dynamic volatility-based asset pricing nodel is able to reverse the
puzzling negative correlation between equity and human-pdal returns documented
previously in the literature in the context of a homoscedagt economy. By incorpo-
rating empirically robust positive relationship between x-ante volatility and discount
rates (a missing link in the homoscedastic case), our modeiplies a positive corre-
lation between returns to human capital and equity while, shultaneously, matching
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time-series dynamics of aggregate consumption. We also whihat quantitatively,
volatility risks help explain both the level and variation in risk premia across port-
folios sorted on size and book-to-market characteristicdVe nd that during times
of high volatility in nancial markets (hence, high margind utility), equity portfolios
tend to realize low returns. Therefore, equity markets cayra positive premium for
volatility risk exposure.

27



A Long-Run Risks Model Setup

In a standard long-run risks model of Bansal and Yaron (2004) consumption dynamics
satis es

Ct+1 = T Xttt o1 (A1)
s = g+ X+ ¢ g tUdgets (A.2)
Xt41 = Xt+ et t+1; (A.3)
t2+1 = g + t2 3) T wWie (A.4)

where governs the persistence of expected consumption growtky



news, Nv.t+1, In terms of the underlying shocks and model parameters. The&onsumption
return shock, Nr:t+1 is driven by all three shocks in the economy,

NRit+1 = Ax 1 ' x t t+1 T A 1 wWis1 + t t+1; (A.9)

while the discount rate news,Npr: +1 IS driven only by the expected growth and volatility
innovations:

1 1
Nprit+1 = -1

1 "ot t4l 1A WWiep s (A.10)

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

1 1
Vi = EV arg(re;te1 + Mes1) = const+ > (1 )2 t2; (A.11)

where the proportionality coe cient  satis es,

= e 4+1: (A.12)

Consistent with our discussion in Section 2, as volatility s1ocks are homoscedastic and
there is a single consumption volatility factor, the volatility parameter is unambiguously
positive and is equal to the ratio of variances of the long-rim cash ows news,Ncg:t+1, t0
the immediate consumption news,Nc:t+1:

Var(Ncr;t+1)
= —— = = A.13
Var(Nc;t+1) ( )
The innovation into the future expected volatility Ny.+1 Satis es
_1 2 1 .
NV;t+1 = — (l ) wWi+1 - (Al4)
2 1 1

Notice that all the three shocks, Nr:t+1; Nprt+1 and Ny.t+1 ; are correlated with each
other as they depend on the underlying shocks in the economyin particular, if IES is above
one, the discount rate shocks and the volatility shocks are psitively correlated, because the
volatility is driving the risk premium which is an important component of discount rate
innovations.

The expression for consumption innovationsNc:t+1, and the stochastic discount factor
can now be written in terms of the innovations to the consumpion return, discount rate
and volatility shocks, as shown in Equations [Z9) and [ZI%. Under the null of the model,
the consumption shock is equal to  +1; and the innovation into the stochastic discount
factor matches the expression in Equation [(A.T).
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The price-dividend ratio satis es

pdk = Ho+ Hxxc + H

2.
to
where
1 1 1
H. = - H = ms + 0:5(( )2+ ( x 1H)? 3+ 3).
§ 1 1d , 1 1d ’

for a log-linearization parameter 14

log 1¢= mg+ 4+ H

51 14 )+0:5( wH )% 2:
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Table A.1: Con guration of Long-Run Risks Model Parameters

Preferences

0.9984 10 2
Consumption "

0.0015 0.975 0.037
Volatility g w

0.0072 0.999 2.8e-06
Dividend d "y

0.0015 2.5 3.5 2.0

Baseline calibration of the long-run risks model.

Table A.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- ow Risk Premium 1.22 3.44
Discount Rate Risk Premium 0.03 0.03
Vol. Risk Premium 1.06 2.54

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 anual frequency.
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Table A.3: Consumption Innovation Ignoring Volatility and Consumpti on Return

IES =2 IES=1 IES = 0.75
Ignore Vol Mkt Vol True Ignore Vol Mkt Vol True Ignore Vol MktV ol 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 8.822.49

Corr. with True cons. shock 0.35 0.39 1.00 0.43 0.46 1.00 0.58 0.57 1.00
Panel B: Model with Constant Volatility

Volatility of cons. shock 8.48 8.48 2.49 8.47 8.47 2.49 8.41 48 2.49

Corr. with True cons shock 0.59 0.59 1.00 0.59 0.59 1.00 0.59 .50 1.00

Consumption shock, the stochastic discount factor shock ath the market risk premium under the calibrated long-run risks model
(column "True"), and implied when dividend return is substi tuted for consumption return (column "Mkt Vol"), and when th e
volatility risks are ignored (column "Ignore Vol"). Popula tion values based on the long-run risks model with stochast volatility.

Volatility is annualized, in percent.



B Impulse Response Computations

The VAR(1) dynamics for the state variables follows,

Xir1 =  +  Xi+ Ugsr; (B.1)
where the unconditional variance-covariance matrix of shaks is = o
The ex-ante consumption variance isVar ¢ = o+ Xy for 1 =% : Hence, ex-

ante volatility shocks are ui.1: To generate a one-standard deviation ex-ante volatility
shock, we choose a combination of primitive shocksl;z1 proportional to their impact on
the volatility:

t+1 p —9701' .

Based on the VAR, we can compute impulse responses for consytion growth, labor
income growth, price-dividend ratio and expected market reurn in the data. Using the
structure of the model and the solution to the labor return sensitivity b;we can also compute
the impulse response of model-implied consumption return ad price-consumption ratio to
the volatility shocks.

Appendix C: GMM Estimation

The dynamics of the state vector are described by a rst-orde VAR:
Xt= o+t Xg1+ U

where X is a (6 1)-vector of the state variables, is a (6 1)-vector of intercepts,
isa (6 6)-matrix, and u; is a (6 1)-vector of gaussian shocks. The VAR orthogonality
moments compose the rst set of moment restrictions in our GMM estimation:
u
EhAR =g =0:
! U Xt 1
The second set of moments comprises the Euler conditions fdrl portfolios (the aggregate
market and the cross section of ve size and ve book-to-marlet sorted portfolios):
h i11
E hfS = E R} RiskPrem;  =0;
1=
where Ri‘?t is the excess return of assets, and RiskPrem, Cov Miy1 EtMis1; Tit+1
Eirit+1 is the model-implied risk premium of asseti.
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Let R denote the sample counterpart of the combined set of momentestrictions, i.e.,

The parameters of the VAR dynamics and the coe cient of risk aversion are estimated by
minimizing a quadratic form of the sample moments:

f Y% ; g=argmin R°W R ;
0

whereW is a weight matrix. The moments are weighted by the inverse otheir corresponding
variances; the o -diagonal elements of matrix W are set at zero. We allow the weights to
be updated throughout estimation (as in a continuously up-dated GMM). The reported

standard errors are based on the New-West variance-covarnice estimator.

When we incorporate restrictions on the variation in risk premia, the set of moment
conditions is augmented by the two orthogonality moments inplied by equation (B.3). In
particular, let "¢ rf ( o+ r2;t 1), Where r¢ is the log excess return of the market
portfolio. Then,

EhRP = ! =0:
! e

The estimation of the parameter vector, which in addition includes ¢ and , is set-up in
the same way as described above.

Appendix D: Incorporating Restrictions on Risk-
Premia Variation

To facilitate the interpretation of risks and identify the c ontribution of volatility risks, we
make the following assumption:

Etlrer  rrel= o+ 2 (B.3)

That is, we assume that risk premia in the economy are driven i the conditional variance
of the market return, r2;t Vari(Nr:t+1). We can now re-write the innovation into the
stochastic discount factor in terms of cash- ow news, riskfree rate news and long-run news

in rzt In particular, using the de nition of V; and the dynamics of the SDF (see equations
E5) and (Z2.19)):
i = %V arg Mesq + sy = %V are  Ncrt+1 + Npri+1 + Nvieer + NRrites (B.4)
= %V ar (Nrit+1 + Nrpit+1 + Nrrt+1) + Nrpit+1 + Nrrt+1 + Nyisr + NRit+1
051 )? %
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Note that the second line in equation [B.4) makes use of the deomposition of discount-
rate news into risk-premia (Nrp ) and risk-free rate (Nrg ) news, and the last line exploits
assumption (B.3) 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 [B.4) as an approximation. We can now express #hinnovation in the SDF as:

Merr E¢[Mesa] = N crit+1 + Nprit+1 + Nyite1 (B.5)
N cris1 + Nregsr + +0:5(1 )2 N 244 ;

whereN E E) DL 12 d P
2441 (B Ed) jo1 1 fiej »@dNrrier (BEea B o 1M+
Note that if the volatility channel is shut down (i.e., risk p remia are constant), the last term
of the innovation in the stochastic discount factor disappers.

We exploit the same market-based VAR set-up as earlier. Notéhat the rst equation
in the VAR allows us to estimate the dynamics of the conditional variance, r2t which we
then use to obtain the estimate of the market risk premium. We continue to rely on GMM
in estimation of the VAR parameters, the parameters of the risk-premium dynamics ( ¢
and ), and risk aversion. The set of moment restrictions is augmeted by the two moments

of the risk-premium regression implied by equation [B.3).
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Tables and Figures

Table 1: 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 4.76 11.13 0.44

Summary statistics for real consumption growth, real labor income growth, real market return,
stock market price-dividend ratio and the realized variane. Realized variance is based on the sum
of squared monthly industrial production growth rates over the year, and is re-scaled to match the
unconditional variance of consumption growth. Annual obsevations from 1930 to 2010. Consump-
tion growth, labor income growth and market return statisti cs are in percent; realized variance is
multiplied by 10000.
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Table 2: Mis-Speci cation of Consumption and SDF Dynamics

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




Table 3: Macro VAR Estimates

G Yt I dt pak RV, R?

Ct+1 0.221 0.149 0.058 0.002 2.628 0.61
[0.090] [0.037] [0.012]  [0.003]  [1.091]

vi+1 -0.271  0.507 0.079 0.005 2.991 0.36
[0.271] [0.146] [0.026] [0.007]  [3.417]

e -3.081 1109 0.065 -0.073 -10.653  0.08
[0.881] [0.369] [0.085]  [0.037]  [10.265]

pd+ -3.586 0.974 -0.234 0.921 -8.872 0.80
[0.939] [0.647] [0.147] [0.041]  [10.856]

RVi+1  -0.007 -0.006 0.001 -0.001 0.310 0.35
[0.005]  [0.004] [0.0004] [0.0003] [0.091]

Parameter estimates of the Macro VAR which includes real cosumption growth c, real labor
income growth vy, real market return ry, market price-dividend ratio pd and the realized variance
RV: Realized variance is based on the sum of squared monthly indtrial production growth rates

over the year, and is re-scaled to match the unconditional vaance of consumption growth. Annual
observations from 1930 to 2010. Robust standard errors arenithe brackets.
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Table 4: Role of Volatility for Economic News

With Vol Risk No Vol Risk
NEecr Nv Ndr | Nds Npr Nu N2z Npr Ny
Std. Dev. 5.19 29.72 14.22| 258 391 47.27 465 260 26.41

Corr. with Ny -0.27 1.00 086 | 028 0.77 0.84 -0.85 -0.27 0.24

Volatility News Periods:

Lowest 25% 223 -3257 -12.37-0.61 -2.96 -44.77 448 111 -8.13
Highest 25% -1.70  36.94 16.03 0.68 3.75 49.90 -5.09 -0.86 8.35

Standard deviation of economic news, correlation with voldility news and the magnitude of the news
in lowest 25% and highest 25% volatility periods. Economic ews include news in expected future
consumption Ngcr ; future volatility Ny ; stochastic discount factor Ny, ; and discount rates on the
market N3y ; labor N} and wealth return Npg : "With Vol Risk" columns show the economic news
when the volatility risks are present in the construction of the aggregate wealth portfolio, while "No

Vol Risk" columns document the implications when volatilit y risks are ignored. Risk aversion is set
at =5;and IES =2:
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Table 5: Labor, Market and Aggregate Wealth Return Correlations

No Vol Risk With Vol Risk

Market and Labor Return:

Immediate Shocks ~ Corr (Ng;N%) -0.60 0.20
Discount Shocks ~ Corr (NSg;NJs) -0.72 0.25
5-year Expectations Corr(Etrﬂ t+5;Etr%'! t+5) -0.50 0.38
Market and Wealth Return:

Immediate Shocks  Corr (N3;NR) 0.46 0.80
Discount Shocks Corr (Ngg:NpRr) 0.07 0.86
5-year Expectations Corr(Etrﬂ t+5  Etlt1 t+5) 0.26 0.78
Wealth and Labor Return:

Immediate Shocks ~ Corr (Ng;N%) 0.43 0.74
Discount Shocks Corr (Npr;NZg) 0.65 0.71
5-year Expectations Corr (E¢ry t+5;Etr%’! t+5) 0.71 0.87

Correlations between immediate shocks, discount rate shds and 5-year expected returns to the
market, labor, and aggregate wealth.Ng; Npr andE;ry; +5 stand for the immediate news, discount
rate news, and 5 year expected return to the wealth portfolig respectively. Subscripts "y" and "d"
denote the corresponding news for the labor return and stockmarket return. "With Vol Risk"
columns show the implications the volatility risks are present in the construction of the aggregate
wealth portfolio, while "No Vol Risk" columns document the i mplications when volatility risks are
ignored. Risk aversionis setat =5;and IES =2:
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Table 6: Labor, Market and Aggregate Wealth Return Risk Premium

No Vol Risk With Vol Risk

Market Return:

Risk Premium Cov( Nm;N9) 2.34 7.16
Cash-Flow Risk Premium Cov( Ncg;Ng) 2.57 2.57
Vol Risk Premium Cov( Ny;N3) 0 4.28
Discount Rate Risk Premium Cov( Npr;Ng) -0.23 0.30
Wealth Return:

Risk Premium Cov( Nm;NgR) 0.86 2.57
Cash-Flow Risk Premium Cov( N cg;NR) 0.94 1.20
Vol Risk Premium Cov( Ny;NRgR) 0 1.31
Discount Rate Risk Premium Cov( Npgr;NRgr) -0.08 0.06
Labor Return:

Risk Premium Cov( Ny;NZ) 0.53 1.42
Cash-Flow Risk Premium Cov( N cF; Né’e) 1.27 0.86
Vol Risk Premium Cov( Ny;NR) 0 0.57
Discount Rate Risk Premium Cov( Npgr; Né’e) -0.04 0.00

Total risk premium on labor, market and wealth return, and it s decomposition into cash- ow,
discount rate and volatility risk premium components. Ny denotes the stochastic discount factor
shock, andN¢g ;Npr and Ny represent the current and future cash- ow news, discount rde news
on the wealth portfolio and volatility news. Ng;NJ and N2 denote the immediate return news to
wealth, labor and market, respectively. "With Vol Risk" col umns show the implications the volatility
risks are present in the construction of the aggregate wealt portfolio, while "No Vol Risk" columns
document the implications when volatility risks are ignored. Risk aversion is set at =5; and IES
=2:
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Table 7: Role of Preferences for Aggregate Returns

Lbr-Mkt Corr Risk Premia Lbr-Mkt Corr Risk Premia
Nr Npr Er Mkt Lbr Wealth | Nk Npg Er Mkt Lbr Wealth
With Vol Risk No Vol Risk
05 -089 -054 -0.35 486 -503 -3.04-081 -0.20 0.05 165 -1.38 -0.77
1.0 -0.94 -043 -0.16 6.39 -1.38 0.18| -0.94 -0.43 -0.16 2.11 -0.30 0.18
1.5 -0.29 -0.17 0.13 6.90 0.41 1.71] -0.76 -0.60 -0.35 2.27 0.21 0.62
20 020 025 038 7.16 142 2.57| -0.60 -0.72 -0.50 2.34 0.49 0.86
25 036 052 050 731 205 3.11| -0.51 -0.79 -0.62 2.39 0.67 1.01
30 044 062 056 742 249 3.48| -0.44 -0.84 -0.71 2.42 0.79 1.12

Correlations between labor and and market returns (immedide newsNg; discount rate newsNpg
and 5-year expected returnskr), and the risk premia on the market, labor and aggregate wedh
returns. "With Vol Risk" columns show the implications the v olatility risks are present in the con-
struction of the aggregate wealth portfolio, while "No Vol Risk" columns document the implications

when volatility risks are ignored. Risk aversion is set at =5; and the IES varies betwee 0.5 and 3.
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Table 8: Market-based VAR Estimates

RVt Z d; tsq ds it R?
RVri+1  0.274 -0.017 0.023 -0.696 2.579 0.353 0.63
[0.167] [0.012] [0.035] [0.336] [1.031]  [0.202]
Zt+1 -0.961 0.904 -0.584 0.856 4.981 0.593 0.80
[0.863] [0.074] [0.261] [1.276] [5.213]  [0.556]
O+1 0.715 0.050 0.161 2.347 -7.887 -0.407 0.27
[0.408] [0.031] [0.131] [0.952] [3.121]  [0.370]
tSt+1 -0.071 0.004 -0.016 0.410 1.036 -0.029 0.50
[0.023] [0.003] [0.011] [0.103]  [0.147]  [0.019]

dsi+1 0.020 -0.001 0.009 -0.127 0.682 0.021 0.56
[0.017] [0.002]  [0.006] [0.034] [0.146]  [0.024]

it+1 -0.352 0.001 -0.050 -0.197 2.075 0.613 0.48
[0.105]  [0.007]  [0.026] [0.182]  [0.792]  [0.109]

Table [ presents GMM estimates of the market-based VAR.RV,; denotes the realized variance of
the aggregate market portfolio; z; is the log of the price-dividend ratio; d; is the log dividend
growth; ts; and ds; are term- and default spreads, respectively;; is the log of the interest rate.
Robust standard errors are presented in brackets. The data sed in estimation are real and cover
the period from 1930 to 2010.
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Table 9: Asset Pricing Implications of the Volatility-Based DCAPM

Risk Premia (%) Betas 100

Data Model CF DR Vol
Market 7.9 7.7 1.80 -1.67 -1.23
BM1 7.2 7.2 1.72 -1.53 -1.09
BM2 7.6 8.3 2.11 -1.59 -1.13
BM3 9.4 10.0 2.66 -1.58 -1.37
BM4 10.8 11.3 3.29 -1.58 -1.04
BM5 13.1 13.2 4.64 -0.91 -0.09
Sizel 14.8 14.2 4.57 -1.55 -0.62
Size2 13.0 12.4 3.47 -1.98 -1.29
Size3 11.6 11.2 2.97 -1.94 -1.38
Size4d 104 9.7 2.43 -1.88 -1.44
Sizeb5 7.4 7.4 191 -1.44 -0.98

Price(CF)  Price(DR)  Price(Vol)

2.64 -1 -1
[0.38] [na] [na]

Table @ shows risk premia implied by the volatility-based Dynamic CAPM and risk exposures (betas)
of the aggregate market and a cross section of ve book-to-ntket and ve size sorted portfolios.
The bottom panel presents the estimates of the market price®f risks and the corresponding robust
standard errors (in brackets). According to the model, prices of discount-rate and volatility risks
are xed at -1. \Data" column reports average returns in excess of the three-month Treasury bill
rate in the 1930-2010 sample.
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Table 10: Asset Pricing Implications of the Restricted Volatility-B ased
DCAPM

Risk Premia (%) Betas 100

Data Model CF RF Vol
Market 7.9 7.6 1.98 -0.02 -1.93
BM1 7.2 7.0 1.92 0.19 -1.76
BM2 7.6 8.3 2.30 0.10 -1.81
BM3 9.4 10.2 2.80 -0.09 -2.09
BM4 10.8 114 3.39 -0.17 -1.58
BM5 13.1 13.0 4.54 -0.04 -0.05
Sizel 14.8 14.1 4.63 0.07 -0.96
Size2 13.0 12.5 3.67 0.07 -2.06
Size3 11.6 11.3 3.19 0.05 -2.20
Size4d 104 9.8 2.63 -0.05 -2.25
Size5 7.4 7.4 2.04 -0.04 -1.52

Price(CF)  Price(RF)  Price(Vol)

2.85 -1 -1
[0.45] [na] [na]

Table [I0 shows risk premia implied by the restricted volatility-based Dynamic CAPM and risk
exposures (betas) of the aggregate market and a cross sectiof ve book-to-market and ve size
sorted portfolios. In this speci cation, discount-rate variation is decomposed into variation in risk
premia (which are proportional to the conditional market variance) and variation in the risk-free
rate. The bottom panel presents the estimates of the market pices of risks and the corresponding
robust standard errors (in brackets). According to the modd, prices of risk-free and volatility news
are xed at -1. \Data" column reports average returns in excess of the three-month Treasury bill
rate in the 1930-2010 sample.
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Figure 1: Volatility and Expected Consumption Growth from Macro VAR
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Ex-ante consumption volatility (solid line) and expected consumption growth (dashed line) implied
from Macro VAR. The two series are standardized. Shaded arearepresent the NBER recession

dates.

Figure 2: Consumption Response to Volatility Shock from Macro VAR

-0.8

Impulse response of consumption growth to one standard deation shock in ex-ante volatility of
consumption, implied by the Macro VAR. One standard deviation volatility shock corresponds to an
increase in ex-ante consumption variance by (B5%Y: Consumption growth is annual, in per cent.
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Figure 3: 5-year Expected Market and Labor Returns

No Volatility Risk
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With Volatility Risk
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|

Five-year expected returns on the market (solid line) and human capital (dashed line). "With
Volatility Risk" panel shows the implied expected returns when the volatility risks are present in
the construction of the aggregate wealth portfolio, while "No Volatility Risk" panel documents the
return implications when volatility risks are ignored. The return series are standardized. Shaded
areas represent the NBER recession dates.
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Figure 4: Discount Rate and Volatility News

| 1

1940 1950 1960 1970 1980 1990 2000 2010

Discount rate news on the wealth portfolio Npr and the volatility news Ny : The news series are
standardized. Shaded areas represent the NBER recessiontéa.
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Figure 5: Discount Rate and Conditional Variance of the Market Portfo lio
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Figure [ plots time-series of the 5-year expected market return and 5-year conditional variance of
the market portfolio implied by the unrestricted market-based VAR estimates. The two lines are
normalized to have a zero mean and a unit variance; shaded areas represent the NBER recession
dates.
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Figure 6: Data and Model-Implied Risk Premia
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(a) Volatility-Based DCAPM
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(b) Restricted Volatility-Based DCAPM

Figure[fl presents a scatterplot of sample average excess returns versus model-implied risk premia of
the aggregate market and a cross section of five book-to-market and five size sorted portfolios. Panel
(a) shows cross-sectional fit of the unrestricted volatility-based DCAPM. Panel (b) corresponds to
the restricted version of the volatility-based DCAPM. In the restricted specification, variation in the
market risk premium is proportional to variation in the conditional variance of the market portfolio.
Sample averages correspond to average returns in excess of the three-month Treasury bill rate in the
1930-2010 sample.
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