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Abstract

This article reviews the origins and development ofctiresumptiorbased asset priag theory

over the last four decadeStarting with the original CCAPM derivations by Rubinstein (1976),
BreedenLitzenbergr (1978) and Breeden (1979), as well as related work by Lucas (1978), both
theory and subsequent tests are reviewed, and some new applications are provided. While initial
empirical tests such as those of HarSargleton (1983) and Meharescott (1985)vere largely
negative, more recent tests are much more supportive of CCAPM theory. Empstaic
severhauthors are presented, includitigpse of LettatLudvigson (2001), who use a
consumption/wealth conditioning variable, ParBealliard (2005)\n 0 ex ami ne Aul t i ma
consumpti on bet aMangd20@/)ywiho exaanmeimsgear tebision making

effects on tests. Important second generation consurdApdiesed asset pricing advances of

Campbell and Cochrane (1999) externalhabit formationrand Bansal and Yaron (2004) on

long-run risk arealso reviewedThesemodels develop utility functions thate consistenwith
bothlargecyclical changes in relative risk aversiandrisk premiumsandlagged impacts of
aggregate consumption changesisk premiums These second generation modese nany

free parameters arate able to fit thempiricaldata much better than the first generation

CCAPM models.



[. Introduction.

Consumptiorbased asset pricing mels have beeamongthe leading multipeod
general equilibrium asset pricing modeiginancial economicsesearctior the past 35 years.
The Consumption Capital Asset Pricing Model (CCAPM) was first derived in the late 1970s in
successively more general models by Rubinstein (1976), Breaddttaenberger (1978), and
Breeden (1979). While Lucas (1978) did not derive the CCAPM formula, his work on Euler
equations was also helpful to many empiricists in subsequent conswiasied asset pricing
tests. The CCAPMbuilt on theclassicsingleperiod marketbasedCAPM of Sharpe (1964) and
Lintner (1965), as well asn thesubsequent major wok the Intertemporal CAPMy Merton

(1973) The Consumppon CAPM links asset pricing with macroeconomic risk.

The CCAPM states that the expected exaeturn on any risky asset should be
proportional to its fAconsumption beta. o Thes
sensitivities of returns to movements in real consumption spending have more systematic risk
and should have proportionately hey excess returns. They pay off more when consumption is
high and marginal utility is low, and pay less when consumption is low and marginal utility is
high, so they are worth less in price and have higher equilibrium returns. This is different from
theoriginal marketorientedCAPM insights of Sharpe (1964) and Lintner (1965), as real
consumption growth is not perfecttprelatedwith market returns. In a multiperiod model,
marketwealthcan be high and still have marginal utility be high if the gimeent opportunity
set is good, as shown by Merton (1973) and Breeden (1984).

'See p. 412 of Rubinstein (1976) , egs. 26 and 27 in Bredtmmberger (1978) and
eqs. 19, 196, and 35 in Breeden (1979) for th
paper has also been credited with CCAPM development, but the paper has no equations with
consumption covariances or consumption betas and no CCAPM asse pritimm r mu | a . Luc
development of the relation of asset prices to marginal utility is similar in economic intuition to
the timestate preference literature of Hirshleifer (1970, Chapter 8), Rubinstein (1974, 1976), and
Ni el sen (1974) . portanticentnbutionsdoebs @ she emistante and
stability of equilibrium and of an equilibrium pricing density with intuitive economic properties.



The first two decades &@CAPM tests produced mixed results. Tests ofsipecial case
of theCCAPM under constant relative risk aversipnHansen and Singleton (198B)ehra and
Prescott (1985and othersejected thenodel Chen, Roll and Ross (1986) found no significant
consumption factor priced when in the presence of other factors, including industrial production,
junk bond returns, and inflation hedgésrossman, Mé@ho and Shiller (1987 Breeden,
Gibbons and LitzenbergeBGL, 1989) and Wheatley (1988) examineeasurement issues in
consumption (such as time aggregation) and their biases on measuredilafard
consumption betas. BGL found a significant pesittoefficient on consumption betas; and
separately a significant positive coefficient on market betas; however, both the CCAPM and the
CAPM were rejected based on stronger form tests of their respective implied first order
conditions.BGL derived two usefl results used by several subsequent authors: (1) biases in
consumption betas due to time aggregation and how those arasesliuced with increased
differencing intervals for consumption growth and (2) estimation of consumption betas relative
to returrs on a consumption mimicking portfolio, which allows greater number and frequency of

observations and more precise estimates of consumption betas.

The very strong theory in support of the CCAPM, contrasted with wadikempirical
support,motivated resarchers to improve both their theoretical and empirical modelihgthe
theoretical sideRye (1972, 1973) and Greenig (1986) developed-tmakiplicative utility
functions, and then Sundaresan (198¥nstantinides (199@nd Abel (1990) modeled habit
formation andhenEpsteinZin (1989) and Weil (1989)often jointly referred to as EXV)
developed preference structures that displayed ¢tioneplementarity in utility for consumption
streams, allowing researchers to separate effects of different ¢éwatisatemporatelative risk
aversion (RRA) from levels of the elasticity of intertemporal substitution (ECGmpbell and
Cochrane (1999gnterproduced arempirically tractable modetith the habit formaon
approach,using n f e xt e r nfadsubkistemde teveloof congdimptiona
Arepresent ad itvhee ii rn dm ovdirattiaaseslinelatigerisk aversion as
surpluis consumption (above habit) gdges/ards zero iseveraecessions. With the flexibility
afforded by this modgethey were able to fit many aspects of empirical data on stock and bond

returns as relted to real consumption growth, especially the risk premium on the stock market,



which Mehra and Prescott (1985) had idnmund was

puzzleo), given the |l ow volatility of real co

In the early 1990s, Mankiw and Zeldes (198dnsidered that many househottid not
own stock at all or in significantThaymnount s, a
pointed ait that there is no reason that the Euler equation should hdiddseholds who are not
investing.They found that fohouseholdsvho actually owned stks, the implied estimates of
relative risk aversion were much more reasonable thamfmseholdsvho did not own stocks.
Heaton and Lucas (1992, 1996) examined fincom
of labor income, thus causing consumers to have more volatile consumption streams. Brav,
Constantinides and Geczy (2002) studied consunegrdépg data and found generally plausible
estimates of relative risk aversion, given th
streams. Vissing or gensen (2002) focused on estimating
substituti on, bowwihch acmsumers thangenthein exgected consumption
growth rate when interest rates or expected returns on assets change. She finds the EIS to be
quite different for stockholders than for nonstockholders, generally getting plausible estimates
for thosewho chose to invest istocks and bonds atmésed orrading offcurrentconsumption

versus futureonsumption

Also on the empirical side, advances were also made in examining changes in
conditional means, variances and covariances and testing conditienstons of the CAPM and
CCAPM, as iHarvey (1991), Ferson and Harvey (1991) Jagannathan and Wang (1996), and
Ferson and Harvey (1999) Particularlyinsightul papers in testing theonditional CCAPM
includeLettau and Ludvigson (2001a, #d Jagarethan and Wang (20Q7).ettauLudvigson
use deviations of consumption frdotal wealth (which includes a human capital estimate in
addition to stock market wealth) as a condi t]i
returns. Theyfindresultsgait compati bl e with Mertonds (1973)
intertemporal theories, in that high consumptiensuswealth is a predictor of future investment
returns, as consumers optimally smooth forward those changes in expected returns. Lettau and
Ludvigsa also find significant differences in the movements of consumption betas of value vs.

growth stocks during recessionghey find that alue stocks tend to have much larger increases



in consumption betas during recessions, when risks and risk premiuhigharehich helpgo
explain the Fam&rench (1992findingsof higher returns on value stocks than predicted by the
unconditional CCAPM betasesultswhich were viewed as anomalou¥agannathan and Wang
use recession and expansion periods identifiethéWBER as a conditioning variable, and find
that conditional consumption betas are excellent in describing conditional mean returns on the

FamaFrench portfolios.

More recently, Bansal and Yar@rg2004)article has had major impact by modeling the
Alng run risko caused by small, persistent sho
growth. They show that variance of real consumption growth grows more than proportionally
with time, which isconsistent witlthe persistence of growth shock&dditionally, they provide
evidence that shows that the conditional volatility of consumption is\wangng, which leads
naturally to timevarying risk premia.Much subsequentesearch has been damethis long run
risk model, most notably in the papby BansalDittmar,andKiku (2009). Bansal, Dittmar and
Kiku show that aggregate consumption and aggregate dividends have a cointegrating relation.
They observethd@tt he devi ation of the |l evel of dividen
vai abl e) is important for predictingl8anddi dend
10 years). Imposing cointegration allows them to predict 11.5% of the variatieyear 1
returns, whereas only 7.5% of the variation is predicted withoategpiation. Their conditional
consumption betas account for about 75% of the egesgsonal variation in risk premfar the

oneyear horizon, and 85%br long horizons.

After Grossman, Melino and Shill¢t987) and Beeden, Gibbons and Litzenberger
(1989) raised concerns about measuring consumption, in 2005 Parker and Jullised thladvi
IS I mportant t o measur esindecdnsdumptiom thangeseosiow u mpt i on
moving, and could take-2 years for the full effects to be observed. dsmeasures ahese
ultimate consumption betas, they were able to explain much of the FHameh(19R) effects
for sizerelated portfolios and value vs. growth (book/market) portfolios.

Jagannathan and Wang (2007) show Wtetn consumption betas obsks are computed

using yeatoveryear consumption growth based upon the fourth quarter, the consutbated



CAPM explains the crossection of stock returns as well as the Fama and French) (t®6e

factor model. Jagannathaiiang argue that major iegtment and job decisions are most often

made in the fourth quarter, as investors and firms plan for the coming year, so this is when the

Euler equations should fit bedtor estimation of consumption betas, they follow Breeden
GibbonsLitzenberger (1989 n usi ng a fAconsump(@CMRformedifrom c ki ng
the 6 Famd-rench benchmark portfolios, using weights from an OLS regresSmmsumption

growth on the benchmark portfoliod his allows them to substitusgnchronous portfolio

returns fo (time aggregated) real consumption growth in the empirical tests, giving more

precisely estimated consumption betas.

The plan of the paper is as followSection Il derives the main theoretical results for
aggregation of consumption in a discrete tistete preference model, atin the CCAPM in
Mer t on & s -tene mdadel Seatiorulls derives the term structure of interest rates from the
term structure of expected growth of consumption, the term structure of volatility and the term
structure of ifiation, and then shows tests of this theory. Section IV discsssagedearly
1980s tests of the CCAPRNhd focuses on the equity premium puzzle of Mehra and Prescott,
given its large impact on subsequent resea8gttion V presents the Breeden, Gibs,
Litzenberger derivations for time aggregation and the consumption mimicking por$aaion
VI presents the advances in modeling utility maximization withtimoa-separable utility
function. Section Mldiscussesignificantresearch on limite@articipation and incomplete
markets. Section Vlpresents the 1990s empirical modeling of changing conditional risks and
changng risk premiums. Section I¥iscusses the advancesmpirical applications ahodels
with habit formationled by the Cambell-Cochrane model. Sectiotipresents the 2002007
results on modeling changes in conditional consumption risk and changes in the investment and
job opportunity sets, led by Lettau and Ludvigson. Sectiopr&sents the longun risk model
and testsrad developmentsased orthe original work by Bansal and YaroBection Xl|
presents research on cash flow betas (dividends and profitsql@onsumptiorgrowthversus
market returns As the consumptictvased asset pricing literature is so vastton Xlll
presentslescriptions of additionaelected works in thastdecade, which has been dominated
by additional extensions and tests of competing empirical models with habit forph@tignun

risk and disaster riskSection XV makes some concluaj remarks.



Il. Review of Consumption CAPM Theory.

A. Individuals Are Different. Aggregation of Consumption

In reality, investment counselors know that individuals are often quite different in their
preferences and behavior, having different levels &faigrsion different tax backetsand
different preferences with regard to nonlinear risks, such as those causing positive and negative
skewness (i.e., tail risks). Some prefer to lever up to get high returns and are willing to accept
high risks, whileothers choose to hold a lot of Treasury securities and low return/low risk
combinations. Some are willing to write insurance by taking credit risks or fixed rate mortgage
prepayment risks, while others wish to purchase portfolio insurance, paying topiicie
downside risk while retaining much of the upside potential. Reactions to alternate possible
consumption paths can also vary quite a lot, as some individuals may be comfakisalgi¢he
risk of having to reduce consumption significantly if megskfall sharply, while others may go to
extreme lengths to smooth consumption or to protect their consumption from going below a
certainsubsistencéhreshold.

Dealing with heterogeneous preferences like these is a challenge analytically to asset pricing
theoristsPaper s have been written on the fAaggregat
to have heterogeneous preferences and yet derive asset pricing results in terms of aggregate
wealth or aggregate consumptiorYet it is surprising that many the most welknown articles
in consumptiorbased asset pricirgimply assune eitheridentical individuals othe existence of
afirepreentative individuale.g.Lucas (1978), Campbe@ochrane (1999), Bans#karon
(2004). This may lead students to iesle that the aggregation problem is unsolvable and that
we have to just assume it away. That is not true in some important cases, as shown by Merton
(1973), Breeden and Litzenberger (1978) and Breeden (1979), which derive the Intertemporal
CAPM (ICAPM) and the Consumption CAPM (CCAPM) and actually are able to aggregate
fully diverse preferences in the class of tiaditive utility functions.It is insightful to show
how market price signals coordinate optimal consumption plans in such a way thagkegitim

aggregation results can be obtained.



Breeden and Litzenberger (1978, Theorem 1) provide the most general aggregation
theorem that we are aware of to datee Mge her basic timestate preference model derive
theaggregation resultEach individwal, k, chooseplannedconsumptiond , for each timestate
ts, which maximizes the expected value aftimeadditive utility function® @ Fo , subjectto
the usual budget constraimtrinitial wealth,& . Individualsare assumed to agree on the
subjective probabilities for state$ {}, which sum to 1.0 for each date. Markets are assumed to
be complete, and th&rrow securityprice of insurancéhatpays $1.00 if and only if state
occuringat time t is%es To find the optimal contingent consumption plan, individuals maximize

the Lagrangian:

maxL =u5(c;) + & 8 P (e +/ W - o - & & 7. (1)
Cs t s

t ds

Firstorder conditions for a maximum give:

k r~K
&k:u@k- /*=0Y /*=uj where: u 1 w 2)
MGy MCis
.k
ik =pLui - /*f, =0 Y f = ,Os_uktg =price of $1 in timestate ts. (3)
af.. 0 ; .
s x aelTSlQ High MU means low Consumptiof
.k %ﬂislg wtlsl 0
utls f - 1 e 0 . ..
Y ==-*t Y —e&4 0= 5 (for all individuals, k) (4)
Ui P Ui %, 6 Ffs 5
T @6 | Low MU means high Consumptio

So if ordered from high to lowstateprice/probability ratios at the optimum are positively and
monobnically related to marginal utilities in different states, and negatively related to

consumption across stateédl/ith homogeneous probability beliefs, the price/probability ratios

computed for all are the same for each individual and the ordering of states froim llowghoy
price/probability ratios will also order states by optimal consumption levels from low to high.

And i f every individual 6s optimal consumpti on

can clearly see that tom aggrégaté camrisumptiod isalser yone o s



ordered in the same way. Given that, then there exists a positive, monotonic functional
relationship of eotoothaggregdte corisumptad, 6 ¥ 6c O Mwherem

"Q 1 Opti mal r es p o ncomrssmption planstaprice/prababdity ratids across
states have coordi nat e &inceeveeymdivaume &arginal atititg u mpt i o
of consumptions the samdor a given level of aggregate consumptsordis thesame

monotoncally decreasing functioof aggregate consumptioan aggregatetility function that is
monotonicallyincreasing and strictly concave followBurthermore,ieac h i ndi vi dual 0 s
function has a positive third derivative (imgidi by decreasing absolute riskession), Kraus and
Litzenberger 1983 have shown that the aggregate utility function would atseela positive

third derivative and decreasing absolute risk aversidre positive third derivative implies a

preference foskewness, which implieseteris paribusthat assets having a convex relation to

consumption would be preferred to those having a concave relation with consumption.

Understanding this consumption aggregation resultin 197&vway t o Br eedend s
well knownderivation of the Consumption CAPIn the very general framewor¥ the
continuoustime model of Merton (1969, 1971, 1973). Then at the University of Chicago, he
brought together insights fromthe treet at e pr ef erence model s ( AWes
devel oped at Berkeley, Stanf or d-timemdodeldGfILA) and
Merton and Cox, Ingersoll and Ross (1985) developed at MIT, Yale and Penn. Breeden
reasoned that i f every individual dasingonsumpt i
function of aggregate consumptiona complete markeit must be the case thesen in an
incomplete marketmovements in aggregate congutian would locallydeterminemovements
in marginal utilities for everyone, to the extent permitteeigting securities He showed that
randomnessin ndi vi dual sd const r aininoemdplete markenoddbe c ons um
uncorrelated with all assetsd returns, for if
assetds r et ur n, onchadgesmwerd then inat aximalyncerielatgdtwith

aggregate consumption and the consumption plan was not optimal.

Substituting the fact that each individual
aggregate real consumptiomie see that state peis depend only upon their probabilities, the

level of real aggregate consumption in the state and the level of aggregate consumption today:



b % ——— GE 0 - (5)

These state pricder aggregate consumption claimenbes ed t o val ue -any secu
state contingent payoft time tin terms of its joint probability distribution with aggregate real

consumption athatdate, which gives consumptidrased asset pricing for all assets.

If the cash flows to a security different future dates and states are the sg},{tken
those cash flows can be replicated by purchasing Arrow securities and, to avoid arbitrage, must

have a present valuepMhat is the cost of the replicating portfolio, which is (substitutindgp¥q.

W W BBy.w %® B -—m— (6)

Dividing by the initial price to put the payoffs in return forme get the Euler equation forms:

3¢

p B —— for every asset 7

WeEQ m B hoh , for any two assets i and j.(8)

These Euler equations are often tested by econometricians, following Hansen and Singleton
(1983). While the Euler conditions haveequently been tested assuming a representative
investor with constant relative risk aversion, the above analysis is consistent with any
monotonically increasing, strictly concave aggregate utility function that is based on diverse
individual preferenceand endowments. For example, an aggregate utility function displaying
decreasing relative risk aversion is consistent with the above equations and would imply risk
premiums that increase in economic contractions and decrease in economic expansions. The
parameters of the aggregate utility function should be estimated by the econometrician, rather

than restricted a priori without any theoretical justification.
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B. Consumption CAPM in Continuous Time Model with Incomplete Markets

Aft er Shar pdevaedopment bfithe singlgenod GAPM, Fama (1970),
Hakansson (1970) and others recognized that multiperiod optimal por{iticspt for the
special case afarrowlog utility) would be different from the presgtions of singleperiod

models becausedni vi dual s6 indirect wutility funct.i

opportunity set.In his continuoustime model, Merton (1969, 1971 and 19d8yeloped the

most elegant solution to this problem. He first derived optimal consumption afaipattles,

finding additional risk elements hat make i ndi vidual sdé opti mal

the market portfolipbecauseas individualglesireto hede or reverse hedgmainst changes in
the investmenandbr job market opportunityes. These ne risksarepriced ina multibeta

intertemporal CAPM, extending the Shaflgatner model quite significanttyMe r t on & s

was a path breaking contributibecause of three key elements of generality that researchers in

financial economicsiewed as quite importa@aind attractive:

(1) Individuals were allowed to be fultiversein preferences within the class of time

additive utility functions, which were the common assumption at the time. So, 1 billion

individuals could have 1 bibn different preference functions (aqdite general and

changeableisk aversions) foconsumption. Note that nothing preventedlativerisk

aversions of individualand market risk premiuno get very large as consumption fell to

low levels, for exarple, as in more recent models wikternalhabit formation

(2) Asset prices and consumption levels were allowed to follow very general diffusion

processes, withonditionally changing drifts, volatilities and correlations, which can
generate tremenddydifferent probability distributions over discrete intervals

(displaying nomormality, norlognormality, and optiotlike features, for example).

Thus,Me r t ICARMY1973,p.872and Br eedenbds s(10MOspeapd)e nt

clearly were done in tars of conditionally expected returns and conditional consumption

betag(a point thatloes not appear to be apprecidtggdome subsequeatithors.

11
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(3) Markets werenotassumed to beomplete in the sense that Merton did not assume

that there were assais portfolios that would replicate the behavioraody or all

economically important state variables. Thus, the allocation that was achieved was not
necessar-opyi mRahretor efficient, but was me
with existingmarkets. Of course, the complete neskcase is a special casdnisf

model s o Mer t on ocentiraigus timBnodels apgyrtdbsth complete and

incomplete markets.

Mertonds (19 7CAPM shavddhat,tinegnipboiumathe vector of
instantaneousxpected excess returns on risky asgets,is equal to thenatrix ofbetas relative
to the market portfolio and relative to the S state variables for the investment opportunity set,
multiplied by thevector ofrisk premia for each of the S+ikks:

H » n:HqJ,‘sz L (ICAPM) (9)

Me r tsICAFRM has empirical implicationthat are similatothoseoRossd6s (1976)
Arbitrage Pricing Theory (APT). However, Rossaisitistical assumpins and merely the
absence of arbitrage to derive his APT, whereas Mert@angeaby weaker statistical
assumptions and stronger econoassumption$o derive the ICAPM.TestingopfMer t on 6 s
ICAPMa nd Ro swa8 ishibite® Ay the fact that there wean unspecified number of
opportunity set state variablés factors)and that it was unclear whether thearresponding
risk premiumswvould be positive or negative for different state variatemny empirical articles
focused o the weak prediction dhese theories.e., the existence of several price factors, rather
than predictions of which factors should be pddsased on tha prioritheory.Indeedthese
modelsseemed to give those who tried to gthe model too much freedom to data mine in

choosing state variabléesh at had fist atrisksptemianasl | 'y signi ficant

Breedendés (1979) article derived the Consu
intertempor al mo d e | that Merton used, showing
be replaced with a single beta relative to consumption and that risk premia for the state variables

should all be proportional to their consumption betas. An outline afenigation follows:

12



Following Merton(1973) at each instant, each individual kodses dynamically an
optimal consumption rate¥,cand an optimal Ax1 vector of risky asset portfolio weights,
where the residual is invested in the riskless asgefl-#0 . An optimal policyat every

instantmaximizes the sum of instantaneous utility of current consumption plexpleeted
change in remaining expected utility of lifetime consumpti&wi,s,t), wheresis an Sx1
vector of state variablebat describe the investment and income opportunity setsBdllmean
equation says that the followimgaximummust be0, or else the dynamic plan is not optimal:

A0, .
T 5F O wm Oc—ec (10)
Merton then invokes | tods Lemmaf:to
o ® H » 1 o o ;
R XY B VIR SV Hy .
Loy D U'p
T aWww
w h: Cr Uy
o0 lLvt A W o Ty P
Vi ”'v ll_va TMw = w HIRA4 Vi
(11

whereV,,= AXA covariance matrix ofisky asset returnd/,s= AxS covariance matrix with
state variables, aldss= SxS covariance matrix for state variables. Mean vectons,arel s,
respectively. Subscripts on the J function indicate first and second partial derivaeresg

deiivatives of control variables &, and solving fothe optinal portfolioand consumptiogives

S "Y-"- H » T T 9 v (12

€A

and 6 o 0 w hwo (Envelope condibn) (13

13
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Where'y  — i Qb Do Qi '@ @@ oand 5 ——

-—||78equal s to i npriewitdu alof Kdeerdsge nhge dogi mgode demands

portfolios that best hedge against changes in the investment and income opportunity se¥ vector,

The envelope conditioshowsthat the marginal utility of $1 consumed must equal to the
margnal utility of $1 investedThis means that in individual portfolio equilibrium the
individual 6s indirect marginal utility of wea
as well as her wealth, would equity the marginal utility of her consumption, which only depends
on he consumptionDifferentiating the envelope conditiavith respect to wealtth and then

state variableand then substituting intp gives:

6w 0 and o 4 L (14)

L
So Y and Iy —— i~ (15)

To gain insight into the optimal dynamic portfolios and consumption pdessnethe
special case wheradividual investors have constant relative risk aversion, which differs across
individuals. let sy be the vector of percentage compensating variations in wealth that would
hold lifetime utility constant for state varigbs 6 changes. Breeden (1984)
v w p Y g (16)

and that optimal consumptions sensitivities to state asadre:

v oo p Y a5 (17)

14



Many authors have estimated typical relative risk aversion to be much greater ttsantiiad,

the inverse of relative risk aversion, relative risk toleraceis much smaller than 1.0.

Thereforefor most people we assump  "Y is positive.

If a state variabl&s a good one (in that high€means higher expected lii@me utility),

its compensating variation in wealth, will be negative. Eq. @ shows that with normal

relative risk aversior(, is then negative and the individual holdssets that hedge against
adverse changes in the opportunity segjiving higher wealth when the good state variables
decline. We see from eq.7)lthat current consumption will increase wh@increases,

smoothing lifetime consumption, given normal relative risk aversion.

Incontrast, den agaeidiadudvehp lasanuehthigherdolerance for
risk, with 4° p. It follows from (17) that such a speculator would reduce current consumption
to invest more when investment opportunities improve. The speculator would also invest in
assets that give higher wealth when opportunities are good and lower wealthppbenraties
are poor. Such consumption and portfolio strategies give the speculator a higher lifetime mean
consumption stream, but with much higher volatility.

Substituting (4) and (5) into (12) and premultiplying by(f) T and rearrangig gives

@ Ay Y > 18
T T Virv H (18)
Using |t ods®Llhetmrhe stdclmstic partofis: Q0 ® Qo 4K QV so:
t Vector of covariances: L T @ T W (19)
Substituting (®) into (18) gives: T YH » (20)

This says that, for each individual, assets are held in the portfolio in proportions that result in an

15



optimal consumtion rate that covaries with each asset in proportion to its expected excess

return. Individuals do not influendd  » Theycontrol® and, thuse & Hhwo .

The aggregate consumption rale B @ B 1 T B Y H > (21

Dividing by C H » Y 15 x E A OFR B’%"\f’z % (22)

For any portfolio M: Y . b Y — hld (23)
m- F

Substituting (3) into (22) gives the Consumption CAPM:

Alim e w0 .
H » Lyim e f l (CCAPM) (%)

J.l I'V. L} F
This shows that the Ax1 vector of (conditional) expeeteckss returns on riskagsets in
equilibrium is proportional the th&x1 vector of the betas with respect to percentage chamges
realaggregate consumption. Mertonds S+1 betas |
Note that the CCAPM of (22) is identical in form to the original Shduiptner CAPM, but with
thervect or of mar ket betas being replaced by a

for asset | is its consumption beta divided b

An interesting issue is how the consumption CAPM replicates the risk pi@mia
Mertonds | ntert enip ol(akhereGhar®ida predomindncefofcthedgers and
7 T O2 {@where there is a predominancespeculatorsdr reverse hedgers). Forl O( , e
world is dominated by people who want to short sell assets pdgitalated to a good state
variable, driving down their prices and giving a positive risk premium. In that world of hedgers,
consumption increases with increases in a good state variable, so the consumption beta for the

state variable is positive, causitigte CCAPM to also give a positive risk premium.

16



In contrast, if the world i2 (and is dominated bgpeculatorsréverse hedgers)
investors will want to go long assets correlated with a good state variable, pushing up their prices
and giving a negativask premium in the ICAPMHowever, in this world, aggregate
consumption is reduced when the good state variable is high (so as to invest more with good
opportunities), which gives a negative consumption beta for the good asset and a negative risk
premiumaccording to the consumption CAPM, duplicating that of the Intertemporal CAPM.
Thus in both worlds dominated by hedgers and by speculators (reverse hedgeZ AP
properly identifies the same ri sk prsanimieum as

therisk for a given state variabtanly requires arestimateof its consumption beta.

The Consumption CAPM was extended to the global economy by Stulz (1981), who
proved that the real expected excess return on a risky asset is pr@btwtioa covariance of its
return with changes in the world consumption ra&dditionally, as Backus and Smith (1993)
proved, if there are no nontraded goads markets are effectively completensumption in
every country ioptimally monotonically relatetb consumption in every other country, an
extension of the aggregation result of Breeden and Litzenberger (1978). But as Stulz (1981)
proved, if there are nontraded goods and consumption oppgrsetst differ across countries,
changes in real consumptioates will not generallige perfectlycorrelatedacross countries
Brandt, Cochrane and Sar@dara (2006) show that real consumption growth correlations are
statistically significant among the major economies of the United States, the United Kingdom,
Germany and Japan, but far from 1.00. With quarterly data, U.S. consumption growth
correlations are 0.31, 0.17 and 0.27 versus the UK, Germany and Japan respectively, and with

annual changes, correlations are higher at 0.42, 0.24 and 0.35.

. Term Structure of Interest Rates, Consumption Growth, Volatility, Inflation.

The previous section focused on the derivation of the Consumption CAPM, which
provides equilibrium expected returns faky assets in terms of their return sensitivities to
aggregate realonsumption. In this section, we examine the pricingstifessbonds and the

term structure of interest rates and the relation of the term struoétrtatsto the term structure
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of expected consumption growth and the term structure of volatilityoiosumption growth.

While the generalerm structureesults for theeconomiegpresented in the prior section are in
Breeden (1986), those results end up being Taylor series approximations to the following simple
model with constant relative risk aversi@ower utility) and lognormally distributed

consumption t h e -LigBdRnalmoded® To uselessspace while gaininggreater
understanding;skless bond prices and implicit annualized interest @teslerivedn the
simpleCRRA-LN model, withidentical powers for alindividuals. This combination of

identical CRRA andlognormality allows the computation olosed form solutions for bond

prices and interest rates.

We assume that the representative individual has the follovewwenuitility function,

where 92 is the constant relative risk aversio
the fAelasticity of intertemporal substitution
0Qd 6 oy — (25)
YYO —® _ % 7 (26)

From the timestate preference valuation model, eq. 6, where the cash flows are $1.00 received
for sure at T, we have that thekiess zero coupon bond price at time t equals expected marginal
utility at time T divided by marginal utility at the present time, t. Given our aggregation result,
this depends generally only upon the utility function and the distribution of aggregate
consumption at T and t. With the power utility function, this simplifies to a dependence only
upon the probability distribution of the percentage growth rate of aggregate consuingotidn

to T.

6r ——— Q0 QI G 27)

6y —— 0 0Q — CRRA (28)

2 See Breeden (1977), Chapter 7.
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Next weassume that aggregate per capita consumption is lognormally distributed, where the
l ogbs mean grows at a cont ifRsv@uascegrows o mpounded
proportionally to timeni®ith annualized vol ati

o aéQE el oA’ Y oORh % Y o (29)

Then please note that flagnormals ifk Qho & QQE ¢ 1 @O ® ‘hodi  ,

thenOw '‘Q ~ . For our lognormal consumption growth, we have:
—kQF @iOx06 " h s 8 (30)
t Y Q h @ i "0 7" ghr

o — Q TR 0B UBi;  Q h = h (31

L p " o
l ’Ij ” Q |‘> ‘ Zﬁ _|‘> r(;,n ZF] (~Y (32)

€ é é g

f 2
p h c’yn h OJ

Applying eq.30for different dates to plot the term structure of interest rates, we see that the term
structure of iterest rates reflects the term structure of expected growth rates for consumption
over different time horizons and the term structure of volatility of consumption growth over

those same horizons.

Breeden (1986) examined the term structor@n economywith individuals who have
time-additive utility functions)with a multigood model and derived corresponding term structure
results in a world with infition and deflation. He derivélde nominal term structure of interest
rates to have real terms as ahdwat now the term structure of inflation is added, along with a
risk premium or risk deduction for the consumption risk of inflation that is imbedded in returns

of nominally riskless bonds. The equataterived is:
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‘l - - K r ‘ z T B r ” h ? (33)

Note that in a model presented subsequently in Section VIII with external habit formation,

Campbell and Cdwoane (1999, eq. 8) found a corresponding equation for riskless rates to be:

i 1T 71 Qrp % i [ —p _i (34)

In both models, we see the daspositive relation of the real rate to expected real consumption
growth,gpas wel |l as the negative relation to vol at
to qgualityo responses of consumer s.elthAddi ti on
riskless rate is affected by where surplus consumptiggiasive to its longerm mean and the

speed of adjustment parametés,

Harvey(1988, 1989, 1991gmpirically tested whether or not the slope oftdren
structure of interest ratestually forecastedxpected real growtbf the whole economy (as
consumption is 70% of GDP and is highly correlatdghth Breeden and Brveyobsenred that
late in the economic cycle near an economic peak, when growth is expected to slow considerably
and possibly enter a recession, the term structure should be negatively sloped, with lower real
rates on longer maturities reflecting slowargerterm growth. Correspondingly, they argued
that near the bottom of a recession, when con
wi || l i kely get bet t darm goowth forecasts®uld be mughehighet e r m, 0

than shorteterm growth and the term structusbould be strongly upward sloping.

Figurel below shows that upward sloping term structures are the norm, as the spread
between 16/ear yields and-8nonth Treasury yields is normally positive. The yield curve slope
was neazero or negativeni1970, 1974, 1980, 1981, 199002001 and in 2002007. Figure

1 alsoshows that in each of these periods the unemployment rate subsequently surged:
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Figurel

Term Structure Slope (10¥r-3Mo) and Unemployment Rate
semiannual Data 1960-201402
Negative Slope, Recession Usually Follows
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Figure2 gives a scatterplot and regression results that showhén@teari 3 month
Treasury term structure slope was positively related to subsgamastht months, annualized)
real consumption growth in the 192913 period, with a{statistic of 36, indicating a
significant relationship. This was true also ingetiods Although a straight line fit is shown,

the relationship has intriguing nonlinearity, worthy of further study.
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Figure2

3 Year - 3 Month Slope Leads Real Consumption Growth.

High Slope leads high growth. Negative slope leads recessions

(émo, Ann.). Semiannually 1960-Dec 2013
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Harveyodos tests demonstrated that t-fear sl ope
or 10year Treasury @ld minus the 3nonth yield) had significant predictive ability with regard
to the subsequent 4 quarters of GDP growth in his satopllein-sample and in out of sample
forecasts In sample results are:

Table 1

Table The Forecasting Performance of the Yield Spread a
Stock Market Return Models, 1953:2-1989:2*

Variable a b YE

1953:2-1989:2 (140 observations)

Five-Year Yield Spread 0.02 1.48 0.30
[5.17] [5.57]

10-Year Yield Spread 0.02 1.29 0.32
[5.36] [5.76]

One-Quarter Stock Return 0.03 0.10 0.05
[7.45] [2.46]

Four-Quarter Stock Return 0.03 0.01 0.00
[7.20] [0.50]

* The model estimated is AGNP,; , 1.,.s = a + bX, + u, ., s. AGNP is the
annual logarithmic growth in real Gross National Product. The data
for the second quarter of 1989 are based on the first release available
on July 27, 1989. X is one of: the logarithm of the ratio of one plus the
five-year yield divided by the three-month Treasury bill rate, the
logarithm of the ratio of one plus the 10-year yield divided by the
three-month Treasury bill rate, the one-quarter return on the Stan-
dard & Poor’'s 500 stock index, or the four-quarter return on the
Standard & Poor's 500; t-ratios are in brackets.

Source: Harvey (1989b), Table I.

Graphically, Harvey shows that the term structure is quite helpful in explaining GDP growth:

22



Figure3

Annual GNP Growth and Forecast GNP Growth*
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Source: Harvey (1989Db).

Harvey (1989b) alsshowed that this simple\ariable predictor had root mean squared
forecast errors that were as low as thafseost of the top professional forstars over the
periods examined, as in the table below:

Table2

Table III Yield Spread Model Forecasting Performance vs.
Other Econometric Models, 1976:1-1985:1™

Mearn Root Mean
Absolute Squared

Model Error Error
Five-Year Yield Spread 1.7 2.1
10-Year Yield Spread 1.7 2.1
One-Quarter Stock Return 2.4 3.0
Four-Quarter Stock Return 2.5 3.0
BEA 1.7 2.4
BMARK 2.1 2.5
Chase 2.0 2.4
DRI 1.6 2.1
EFP 1.7 2.1
RSOQE 1.7 2.1
WEFA 1.5 2.1

* The parameters of each model are reestimated at each point in the
time series during 1975:4-1984:4. These parameters are used to
forecast annualized percentage growth in the 1976:1-1985:1 period.
The initial estimation period is 1953:2-1975:4. All figures are in
annualized percentage growth. BEA is Bureau of Economic Analysis;
BMARK is the Benchmark forecast from Charles R. Nelson Associ-
ates, Inc.; Chase is Chase Econometric Associates, Inc.; DRI repre-
sents Data Resources, Inc.; EFP is the Econometric Forecasting
Project at Georgia State University:; RSQE denotes the Research
Seminar on Quantitative Economics at the University of Michigan;
and WEFA represents Wharton Econometric Forecasting Associates,
Inc. The forecast evaluation statistics for the sewven models are from
MclNees (see footnote 12). The forecast evaluation statistics for the
model are based on Gross National Product data awvailable in mid-
1985.

Source: Harvey (1989b), Table IlI.
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Harvey(1991) alsademonstrated that the relationship of the slope of the term structure to

subsequent economic gvth is true both for the USA and for several other Gountries.

Table 3
Predicting Economic Growth with Local Term Structure
Country a b Y&
1970:1-1989:4 (76 observations)
Canada 0.03 1.11 0.48
[6.22] [4.53]
France 0.03 0.52 0.13
[6.11] [2.14]
Germany 0.01 0.75 0.29
[2.60] [4.50]
Italy 0.04 0.71 0.26
[7.19] [5.15]
Japan 0.04 0.23 0.01
[10.58] [1.38]
United Kingdom 0.02 0.42 0.08
[4.20] [1.71]
United States 0.02 1.27 0.47
[3.20] [5.71]
World 0.02 1.42 0.54
[5.66] [6.8]

Source: Harvey (1991).

EstrellaandHardouvelis (1991pu bl i shed results quite s
some additional tests. In Figutethey show estimated recessfmobabilities based upon the
slope of the term structure 4 quarters earlier. The correlation is quite striking.

Figure4
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Figure Z. Forecasted probability of recession for current guarter based on the slope
of the wyield curve 4 guarters earlier. The shaded areas denote current NBER-dated reces-
sions. The forecasted probability of recession denotes the within-sample fit of a probit model,
estimated over the gquarterly sample period from 1956:1 through 1988:4, in which the dependent
variable is a binary wvariable denoting the current presence or absence of an INBER-dated
recession, and the only explanatory wvariable is the slope of the yield curve observed 4 guarters
earlier. The slope of the yield curve is the difference between the 10-year Treasury bond rate and
the 3-month Treasury bill rate. Both rates are quarterly averages of annualized bond equivalent
vields.

Source: Estrella and Hardouvelis (1991), Figure 2.
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Estrella and Hardouvelis (1991) looked more broadly at the ability of the terotuse

slope to forecast the components of GDE&nsumption, investment and government spending.

As Table4 shows, they find statistically significant predictability for approximately 2 years

forwardfor consumption, both total and durables, and asanfvestment. However, thherm

structureslope does not have any explanatory power for government spending:

Table 4

Predicting Future Cumulative Changes of Real GNP Components Using the Slope of the Yield

Curve

The sample is quarterly from 1955:2 through 1988:4. The estimated models are as follows:

Cumulative Change: (400/k)(log x,,;, ~ log x,) = ay + o; SPREAD, + ¢,

Xy, 15 the quarter ¢ + k value at constant prices of: consumption (consumer nondurables plus services), consumer durables, gross private domestic
investment, and government spending. k is the forecasting horizon. SPREAD, is the difference between the 10-year T-bond and 3-month T-bill rates
of quarter t. The interest rates are annualized quarterly average bond equivalent yields. Inside the parentheses are Newey and West (1987)
corrected standard errors that take into account the moving average created by the overlapping of forecasting horizons as well as conditional

heteroskedasticity. R? is the coefficient of determination adjusted for degrees of freedom, and SEE is the regression standard error.

k
Quarters
Ahead

1
2

3

12
16

20

Consumption Consumer Durables Investment Government Spending

ag @ R? S8EE q a, R* SEE ap o R* SEE  «qq a R*  SEE
257  0.57* 010 1.94 028 4.16% 012 1296 -215  527° 0.08 2014 223° 006 -0.01 5.06
(0.45)  (0.21) (1.44)  (0.96) (1.60) (1.55) (0.63) (0.28)

2.60* 0.54* 016 147 046 3.93* 023 851 -3.24* 6.34* 020 14.81 228* 0.02 -001 3.83
(0.43)  (0.19) (1.35) (0.86) (1.59)  (1.40) (0.65) (0.26)

261* 0.53% 020 124 068 373° 029 684 -319* 6.33* 028 12.00 226* 0.06 -001 3.26
(0.41) (017 (1.19) (0.65) (1.57)  (1.38) (0.65) (0.27)

2.64* 0.50* 021 1.14 101 342* 033 58 -277 598% 032 1029 2.24* 010 -0.01 297
(0.39) (0.15) (1.12) (0.51) (1.48)  (1.30) (0.66) (0.27)

2.68% 0.46* 020 1.08 147 3.02* 030 537 -2.27 557° 035 893 225* 012 000 278
(0.38) (0.13) (1.03) (0.40) (1.35) (1.11) (0.66) (0.27)

2.73%  0.41* 018 1.01 1.98* 258* 026 511 -1.72  506* 036 7.82 223* 015 -0.00 2.66
(0.38) (0.12) (0.96) (0.25) (1.24) (0.98) (0.66) (0.28)

2.78*  0.37* 016 096 244* 2.17° 020 498 -1.12  448° 035 7.08 221 019  0.00 2.56
0.37)  (0.11) (0.89) (0.18) (1.09) (0.83) (0.65)  (0.26)

2.84%  0.30% 012 094 291* 169 014 4.8 -044 3.78° 0.30 663 218% 023 000 246
(0.36) (0.11) (0.84) (0.17) (0.98) (0.65) (0.64) (0.23)

301* 014 0.03 083 417* 051 001 39  175° 1.56* 0.1 522 212* 029 002 212
(0.33)  (0.11) (0.68) (0.30) (0.73)  (0.32) (0.58) (0.14)

3.10* 0.06 0.00 074 4.71* 006 -001 314  2.75* 0.70* 003 4.00 217" 023* 001 1.88
(0.28)  (0.08) (0.49) (0.33) (1.44) (0.33) (0.52) (0.12)

312* 003 -0.01 0.67 4.84* —0.10 -0.01 265  3.02* 045 002 306 22¢* 011 -000 1.72
0.23)  (0.07) (0.38) (0.33) (0.24) (0.39) (0.50) (0.18)

*Significantly different from zero at the 5% level in a two-tailed test.
Source: Estrella and Hardouvelis (1991), Tdhle

n 1996, aandEstrellaldral Hardoyvékspirical work, the slope dhe
structure was added as a predictor var

term

Indicators seriesln a 1998 study, Dotsey of the Federal Reserve Bank of Richmond found that a
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negative term structure slope gave 18 correct signals andr2aacsignals of recession in the
19551995 time period. Thus, the slope of the term structure of interest rates is a closely

watched barometer of the likely future growth of the economy.

Do note that Harveyos t eswueslatioobetweerrdal on t
rates and expected future growth. However, the term structure of volatility is also a factor in the
term structure theory equatio32). An upward sloping term structure of volatility would help
explain a downward sloping terrrigcture(not necessarily related to a decline in growéh)
condition that occurred in 2062006 A downward sloping term structure of volatility, as in late
2008 and and early 2009, at the depths of the Great Recession) can explain a positive term
strudure slope at a time when growth may have beemrojected to significantly increase
quickly. Figure 6 displayshe slope of the term structure of volatilitpm 20052013, including
during the Great Recession, using Bkgiholes implied volatilitiefrom option price data for-3

month and Zyear atthe-money options on the S&P 500 stock price index:

Figure5

Term Structure of Volatility from S&P 500 Options:

2 Year and 3 Month Implied Volatility and Slope.
Monthly Sept 2005-Oct 2013

VIX %: 2Yr, 3 Mo TSOV Slope: 2Yr-3Mo
60.0 12.0
50.0

- 7.0
400 ﬂ 1 1l ||“ III|I-_||I|| 1
- 2.0
o WOt s, . " Al IR AR
R
|| B
200

- -8.0

oo -13.0
¥ 92T c P IZ2c P O=ZcYIZcYP I=2cPI9=2cy8I9=cd9=2cd
2853823528338 83cR28338 285383384253
oo s R oo s @ oo sP oo s B oo LB Rre A BRreRer o B PR e LB
G o g P& I VNIIRRxIPOEOBEECocoRnRrRrerbMNoRnL®wo

. 2YT -3 Mo Slope TSOV =4=—2Yr Implied Voliatility —— 3 Month Implied Volatility

26

he



Note that the slope of the term structure of volatility swung from being sharply positive
in 20052006 (when volatilities were historicallgw) to being sharply negative in 202809,
when stock market volatility was very high. Combining analysis of changes in the term structure
of volatility and the term structure of inflation with changes in the term structure of expected real

growth is a pomising area for future research on the term structure of nominal interest rates.

V. Early 1980sTests of CCAPM: Mehra-Prescott (1985) Equity Premium Puzzle

In this section, we review some of the early tests of consumpéised asset pricing and
the CGAPM. The first two decades of CCAPM tests produced mixed relative results (vs. the
original marketoriented CAPM) and mainly negative absolute results, with initial strong model
rejections in testef the CCAPM Euler conditionsased on a representativelividual with
constant relative risk aversion. Most prominent wéaesen and Singleton (1988) multiple
assetsandMehra and Prescott (198t the S&P 500The Chen, Roll and Ross (1986)
examination of prices of economic factors was also intexgras rejecting the CCAPM
Grossman, Melino and Shiller (1987), Breeden, Gibbons and Litzenberger (BGL, 1989) and
Wheatley (1988) examined measurement issues in consumption (such as time aggregation) and
their biases on measures of volatility and constion betas. BGL found théte risk premium
on consumption betas (based on the consumption mimicking stock portfolio), was significantly
positive as was that fahe risk pemium on market index betdsut meanvariance portfolio
efficiency of both theonsumption mimicking portfolio and the stock market index portfolio
were rejectedln subsequent yearsmpirical tests have becom®re sophisticated and have

found much more positive results than in these earliest tests.

A. Commodity Futures: Consumpion Betas vs. Market Betas

In one of the first applications of CCAPM insights, Breeden (1980) presented
comparisons of unconditional consumption and market beta estimates for commodity futures
returns.D u s a k 6 swellckthodviY stuflyffound S&P 500 beteof commodities to be near zero,

which, based on the CAPM, predictéuht risk premiums of commodity futures should be near
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zero and futures prices should be unbiased estimates of future spot prices. Breeden argued that
due to different income elastigs of demand, and relatively fixed supplies in the short run for
commodities such as beef, pork and chickleese commoditieshould have positive

consumption betasln his model, positive elasticities of supply with respect to larepen the
consumpbn betas for more distant maturity commaodity futures contracts. His statistical
estimatesupport thespredictions The near contracts of meats had an average consumption

beta of 10.9 (with an averagstatistic of 3.0), indicating that their priceseadmost 11% for

every 1% that real consumption growth was above forecast. This is almost twice the
consumption beta for the S&P 500, indicating significant systematic risk in near futures contracts
for livestock and meat. Consistent with the abilitatapt supplies over time, the third and fifth
contracts to maturity had consumption betas of 7.3 and 4.3, respectively, dampening down the
risk of the nearest contract. This pattern was also demonstrated in both consumption and market
betas by the indiisal metals and wood (coppgiatinum and plywood), sinademandor these
commoditieds quite sensive to the economic cycléhere is ability to adapt supplies over time.

With these commodities, there is relative little supply uncertainty in theé i<hg so demand

risks dominate.

In contrast, grains and their derivatives have substantial supply uncertainty that is
sometimes big enough to affect economic growth. A major drought in1973 drove grain
prices substantially higher at the sanmeetioil prices jumped and economies fell into a serious
recession. Thus, the supply effect is offsetting to demand risks and resulted in consumption
betas for grains that were near zero or even slightly negative. For these commodities, the
CCAPM predictsear zero risk premiums and that futures prices would be unbiased estimates of
future spot prices. In contrast, the meats should have futures prices that are downward biased
estimates of future spot prices to provide rewards to investors for theivpasistematic risks.
Other foods with major supply uncertainties that are not normally large enough to affect
economic growth (e.g., sugar, orange juice) have betas that can be large and positive or negative,
due to the coincidence of their crops with seamption growth during the sample period.
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B. Euler Equation Tests and The Equity Premium Puzzle Mehra-Prescott (1985)

In 1982, Grossman and Shiller showed that the Consumption CAPM could be tested and
should hold even when there aetdr@genous probabty beliefs, if empiricists conditioned only
on information that was Acommon knowledgeo in
include tests based on past prices, earnings and dividends, for example, so it is a nontrivial
extension.They also prove that the CCAPM holds with heterogeneous beliefs fortremtable
risky assets, as long as consumption and the prices of tradable assets form an Ito process.

Also in 1982, Hansen and Singleton provided a now widely used method for testing
nonlinear stocastic Euler equation restrictions on the joint movements of asset returns and
consumptior{ s e e -@ @ &Jsing @narrowpower utility functionf or a FAr epr esent a
i n v e,sheyobtained plausible estimatesohstantelative risk aversion, butave able to
reject the CRRA model when examining multiple asset returns simultaneously. In 1983, Hansen
and Singleton used maximum likelihood estimation to test Euler equation restnitions
monthly consumption growth daéed concluded that the CRRAgnormal model is unable to
fit the data and that more general preference specifications or probability distributions are
required. Also in 1983, Kraus and Litzenberger followed up their vkalbwn 1976 work on
skewness preference and demonstrated thidt thne quite plausible assumption of decreasing
absolute risk aversion (less risk averse to constant dollar gambles as wealth increases), a three
momentConsumption CAPM could be derived for assets with quadratic characteristic lines.

Assets with a corex relation with real consumption growth have lower exposures to economic
contractions and higher exposure to ecomosxipansiortet.par. have lower expected returns in
equilibrium. Conversely, assets with a concave relation with real consumption hlave hig

exposure to economic contractions than to economic expansions and cet. par. need to have higher

expected returns to make them attractive to hold.

In a groundbreaking, controversial article in 1985, Mehra and Prescott examined 89 years
of annual data &ém 1889 to 1978 on real consumption growth (nondurables and serthees),
real riskless rate estimated from Treasury bills, and the real return on the Standard and Poor 500

Stock Price IndexThey tested whether or not the average level of the estimedkdskless rate
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and the average level of the equity risk premium could be explained by a consuibastal

asset pricing model basedan fir epresentative individual o wit!
Usingwhat were believed to be plausible leveig€onstantelative risk aversion (1 to 10).

Table5 (below) hagheir summary statistics for the means and standard deviations of real, per
capitanondurables and servicesnsumption growth, of the estimated real riskless rate from

Treasury bills, andie real S&P 500 return and its equity risk premium over Treasury bills.

They found a mean real stock return of 7.0% over the entire period, while the real riskless rate
averaged 0.8%, giving an equity risk premium of 6.2%. The standard deviation phttz a

real stock return was 16.5%, while the volatility of real consumption growth was Bi6%.

that while the volatility of stocks showed no obvious trend over the decades, the volatility of

annual consumption growth declined quite dramatically froout6.0% in the first two decades
(18891908) to approximately 1.1% over the most recent three decades frord 9289

following the end of World War Il. This very low level of volatility of consumption growth and

the moderate (0.40) correlation of stogkth consumption growth leads tam@sumptionlCAPM
predictedrisk premiumdor stocks that are much lower thactuallyexperienced by investors,

which Mehra and Prescott named the fequity pr

what they viaved as the low level of the real riskless rate, 0.8%.
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Table5
Annualized Means and Volatilities of Real NDS Consumption Growth, the Real Riskless

Return and Real Returns on Equities and the Equity Premium: 1889978By Decade

% growth rate of % real return on a
per capita real relatively riskless % real return on
consumption security % risk premium S&P 500
Time Standard Standard Standard Standard
periods Mean  deviation Mean deviation Mean deviation Mean deviation
1.83 3.57 0.80 5.67 6.18 16.67 6.98 16.54
1889-1978 (Std error (Std error (Std error (Std error
= (0.38) = 0.60) = 1.76) =1.74)
1889-1898 2.30 4.90 5.80 3.23 1.78 11.57 7.58 10.02
1899-1908 2.55 531 2.62 2.59 5.08 16.86 7.71 17.21
1909-1918 0.44 3.07 —1.63 9.02 1.49 9.18 —0.14 12.81
1919-1928 3.00 3.97 4.30 6.61 14.64 15.94 18.94 16.18
1929-1938 —0.25 5.28 2.39 6.50 0.18 31.63 2.56 27.90
1939-1948 2.19 2.52 —5.82 4.05 8.89 14.23 3.07 14.67
1949-1958 1.48 1.00 —0.81 1.89 18.30 13.20 17.49 13.08
1959-1968 237 1.00 1.07 0.64 4.50 10.17 5.58 10.59
1969-1978 241 1.40 —-0.72 2.06 0.75 11.64 0.03 13.11

Source: Meha and Prescott (1985). 147.

Mehra and Prescott simulated economies that mimicked historic volatility properties of
stocks and consumption growts well as theD.14 autocorrelation in real consumption growth
in that time periodand enforced consirdas that (1)constantelative risk aversion could not
exceed 10 and that (2) the real riskless rate had to be between 0% and 4.0%. With these
constraints, they estimate the admissible region for the equity risk premium to be related to the
real risklesgate estimate as shown in the graph below:
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Figure6
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Fig. 4. Set of admissible average equity risk premia and real returns.

Source: Mehra and Prescott (1985)155.

QuotingMehraPr escott (p. 156), AThe | argest pren
0.35%, which isot close to the observed vatugvhichwas 6.18%). Given from Tabkethat
the volatility of the risk premium is 1667 basis points annually, the MRheacott estimate that
a risk premium of 35 basis points would properly reward investors for taking equity risk is highly
implausible unless edwirisk is uncorrelated with marginal utilities of investérs, there is
little consumption risk) With that risk premium and volatility, equity investors would have

barely more than a 50/50 chance of having returns that exceeded Treasury bills!

Let us check on whether equities had much systernatisumption and marginal utility
relatedrisk over the sample period. We will look at the correlatioms 18892013 (124 years)
of theirannualreturrs with real consumption growth and with changes inuhemployment rate,
using data from the NBER Macrddtory databasand t he Depart ment of Con
Historical Statistics of the United States: Colonial Times to X6 the early data. First, we
computed the correlations of annual real stock returtisamnual real consumption growth and
annual changes in the unemployment rate to be 0.4@0a4@ respectively, a moderate, but
significant correlation, as expectefimple OLS regressions of contemporanesiosk returns

on contemporanaus values ofhose variables had slopes with the predicted signs-stadistics
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of 4.4and-3.9, respectively. Thus, the stock market clearly had significant consumption risk

and likely was highly related to changes in marginal utility of consumption and wealth.

Going further,since stocks have been shown to strongly lead changes in the

unemployment ratand real growtife.g., Breeden (2012)), vexaminedi b a d

when the unemployment rate increasedL2p% (0.5 sigma)or more in year t and anoth&25%

e cyeanso my 0

in year t+1,and we found thahe real stock returim period t averagedl5.3%in those years

approximately 2% below the unconditional meaealreturnon stockf 7.0% On the upside

(in a good economyWwhen tle unemployment rate dropped h23%6 in year t anégain inyear

t+1, the real stock retn in year t averaged a gain of +13.3%, or 6% above the unconditional

mean return These statistics are little different if we look at economies with-babtlack 0.5

standard deviation moves in reainsumption growthas Table5 shows:

Real Stock Returns in Good and Bad Economies

Table6

Economic State Based upon Real Consumption Growth and Unemployment Rate Cf

Years when economy is 0.5 standard deviations from the unconditional mean for 2 consecutive years

| 1890-1978 | 1890-2013
Bad Economy Good Economy Bad Economy Good Economy

Real NDS # Obs 9 4 10 7
Consumption Mean Return -15.5% +14.0% -15.7% +15.0%
Growth Abnormal Return -22.5% +7.0% -22.7% +7.0%

# Obs 4 10 4 10
Unemployment |y Return -15.3% +13.3% -15.3% +13.3%

Rate Change

Abnormal Return -22.3% +6.3% -22.3% +6.3%

Note thestrongnonlinearity of theconditional means aftock returns to the economy:

Good economies have real stock returns that are 6% to 7% above the unconditional mean,

whereas bad economies hawean real stock returns that aggproximately-22% below the

unconditional mean. This is true whether one looks at real consumption growth or

unempl oyment

rat e

changes

as t he

economi

utilities. Table6 and the statistics cited make clear ttieg stock market does have laryghly

concave exposure to consumption groaia that investors would require risk premiums

substantially in excess of the 35 basis points that the Mehra and Prescott analysis.suppo
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Furthermore, their assumption of constant relative risk aversion does not allow cyclical

variations in risk premiums per unit of risk.

An influential earlyarticle by Rietz (1988) proposed to explain the high level of the
equity premium and low ridess returns with a model of rare disasters, like stock market crashes.
This is quite compatible with the Kraliizenberger (1983) model that implies that a
sufficiently concave characteristic line of equities with consumption growth could help explain
the high risk premium on equities because of asymmetrically large exposure to contractions as
compared to expansions. Rietz extended the Meheacott model to include a third state,
which represented a very |l ow lporobalbdilng ya odi my
power utility function with constant relative risk aversion, Rietz was able to match both a low
real riskless rate (less than 1.0%) and the historic equity market risk premium of 6% to 7% with

a relatively moderate level of constantatele risk aversion (5 to 7), as shown in the following

table:
Table 7
Example i: A5=(1 + p)/2.2 (Output falls to one-half of its normal expected value during a
crash.}
Parameter configurations that give risk-free returns and risk premia
very near the economy’s sample values
Risk Time Corresponding Corresponding

Crash aversion preference risk-free risk

probabiiity parameter parameter return premium

(m) (a) (¢:)] (annual %) (annual %)

0.0008 7.05 0.997 0.77 6.36
0.0008 7.00 0.999 0.83 6.18
0.0009 6.90 0.994 0.87 6.38
0.0009 6.90 0.995 0.77 6.38
0.0002 6.85 0.997 0.83 6.19
0.0009 6.85 0.998 0.73 6.19
0.0010 6.75 0.992 9.88 6.34
0.0010 6.75 0.954 0.78 6.33
0.0010 6.70 0.996 0.84 6.1
0.0010 6.70 0.997 0.74 6.14
00010 6.65 0.999 0.79 5.96
0.0020 5.75 0.989 0.83 5.92
0.0020 5.75 0.99¢ 0.73 5.92
0.0030 5.30 0.980 0.89 6.15

2Here A, is the gross growth rate in output during a crash vear and (1 4+ p) is the average gross
growth rate during ‘normal’ years.

Source: Rietz (1988), Table 3.

Rietzbés results have enduring interest, for a

Ursua (2008) and Wachter (2013) have followed ith Wata and have extended his model.
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Mehra and Prescottds Aequity premium puzzl
additional research. In addition to the disaster risk analysis of Rietz, in the late 1980s theorists
began intensive modeling of predeces that were not based on tiauelitive narrow power
utility functions, but instead had a representative utility function displaying decreasing relative
risk aversion, timeomplementarity and habit formation, or were of a recursive, forward looking

form. Several of the major articles in those areas are reviewed in Section VI.

Following that review, there is another strand of research spawned by this work. As
Mehra and Prescott said in the concluding rem

markets, there can be variability in individual consumptions, yet little variability in aggregate

consumption. 0 € AThe fact t henforceabielisrereasont ype s
for the norexistence of markets that would otherwise arisetoar e ri sk. o & ATo
theories, it would probably be necessary to h

Since that article was written, the U.S. government has indeed collected and disseminated such

data. One of the most important sitla of research that has helped us figure out the equity
premium puzzle is a group of papers on fiincom
investors in the stock market. In Section VII, we will review some of the works in these areas,

plus show eme calculations of our own from the Consumer Expenditure Survey (CEX), which

was used by some authors.
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V. Measuring Consumption Risks Breeden, Gibbons, Litzenberger (1989)

Stephen Ross, the distinguished financial economist and developer of thag&rbitr
Pricing Theory (APT), in his book entitlédeoclassical Financ€005, page37)s ai d t hat AT
consumption beta model is marvelous theory but it surprises me that people take it as seriously as
they do for empirical wstaterkentdor CCARPMapropomentg.uTot e a
understandhe basis for his remarlet usexamine theest of the Arbitrage Pricing Theory (APT)
and Mertonos | ndone by€ChemiRot and RossRR RI6)and the result
they found fortheir estimate ofonsumption risk CRRdid an interesting analysis of exposures
of stock returnstd e c o n o mi ¢ s tsuch agl) fluetuatiorss Inlmenshly industrial
production a good monthly measure of economic acti\ig),CPI inflation,(3) changes in
expeced inflation,(4) creditriskasme asur ed by the fnfij(b)thk bond prer
unanticipated change in the term structasmeasured by b b o tle@gterrd government
bond return less theturn on ImonthTreasury bils. The junk bond premium wasmputed as
the return on bonds rated Baa or -teremJsSS. (junk r
Government bond return Chen, Rol | a n driskpremisms fr egppsuresntoa t e s
the various fundamental risk factors (exdihg consumptin) are given in the nexable, where

t-statistics are in parentheses

Plausibly, CRR find in Panel A that, standing alone, exposure to equity market beta
carries a positive risk premium, where betas are estimated with 60 month rolling regressions with
prior data. Panel B shows the results foirtfige economidactors, which are also plausiblin
a multiple regressionhe coefficient of themarket return variables negativeandCRR (p. 399)
statethati € (t hei r b et as-pectomal diffe@rceséayelage returnsaften thes
betas of the economic state variables have be
exposure to general economic activity (MP, industrial production) is rewarded with a
significantly positive risk premiungs is exposure to credit risk (UPR), which is also very pro
cyclic, both quite sensible results. Exposure to both expected and unexpected inflation gives
negative risk premiums, as inflation hedging assets appear to be priced higher and give lower
avera@ returns, which are also plausible results. Stock$#thteturns that were inversely

related tanterest rates fell sharply received negative premiums for that exposure (UTS), perhaps
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as falling interest rates indicate weak economies, so such simeoikdess real consumption risk.

Thus, all of the risk premiums are plausible, with the etxaempf the market risk premium.

Table 8
Economic Variables and Pricing
Years VWNY MP DEI Ul UPR UTS Constant
A
14.53 - v v v v -5.83
1958-84 1, 36) (-0.96)
5.01 v v v v v 6.85
1958-67 (0.67) (0.93)
17.99 - v v v v -15.03
1968-77 | " 1 1) (-1.25)
23.19 v - - v v -10.8
1978-84 (1.94) (-0.9T
B
1958.84 | 999 1219 -0.15 -0.91 9.81 -5.45 10.71
(-2.01) (3.15) (-1.82) (-259) (3.36) (-1.61) (2.76)
195867 | 571 1302 0.004 -0.19 6.1 -0.59 9.53
(-1.01) (1.85) (0.06) (-0.37)  (1.99) (-0.26) (1.98)
196877 | 174 1447 -0.29 -1.61 14.37 -9.23 8.58
(-1.82) (2.21) (-3.39) (-3.3) (3.13) (-1.78) (1.17)
1978.84 | 552 7.73 -0.15 -0.94 8.6 -6.99 15.45
(-0.51) (1.3) (-0.57) (-1.05) (1.06)  (-0.68) (1.87)

Note®@ VWNY = return on the valugveighted NYSE index; EWNY = return on the equally weighted NYSE
index; MP = monthlygrowth rate in industrial production; DEI = change in expected inflation; Ul =
unanticipated inflation; UPR = unanticipated change in the risk premium (Baa and under tetigrterm
government bond return); and UTS = unanticipated change in the teitustr(longterm government bond
returni Treasurybill rate). T-statistics are in parentheses.

Source: Chen, Roll and Ross (1986), Table 5.
When Chen, Roll and Ross addethctor forl-month percentage changes in real

per capita consumption growtlike Hansen and Singleton (1983)), the results are in the next

table:
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Table 9

Pricing with Consumption

Years CG MP DEI Ul UPR uTsS Constant
0.68 14.96 -0.17 -0.85 8.81 -6.92 2.29
1964-84
(0.11) ©~ 3.8 ~ -1.74 ~ -225 258 ~ -1.79 ~ 0.63
-0.49 18.15 0.17 -0.95 11.44 -9.19 -1.91
1964-77
(-0.66) © 354 ~ -24Z ~ -249 3.29 © 24T -~ -044
1.17 8.59 -0.17 -0.65 3.56 -2.38 10.69
1978-84
(1.00) © 148 ~ -0.66 ~ -0.77 047 ~ -0.27 1.er

Source: Chen, Roll and Ross (1986), Tablé-&tatistics in parentheses.

Monthly consumption data in the U.S. is available starting in 1959, so using 60 prior

monthsof data to estimate rolling consumption betas means that the first data point is in 1964.

Over the entire sample period, the point estimate of the risk premium is slightly positive, but
insignificant. For the 19647 subperiod, their consumption risk miem was actually negative!

Signs and significance of the other economic state variables were essentially unchanged.

results for consumption risk premiums? Breeden, Gibls

article gives some clues. First, they note that consumption is measured with a great deal of error

and

Why did Chen, Roll and Rog$986) and Hansen and Singleton (198&) such poor

i s af

fected

by

consi

and

derabl e

finoi

seo

spending and to majotri&kesand significant tax changésat affect income and spendinin

many caseshese are shoterm effects that are followed by catop gains or sharp declines in

spending in subsequent months. TH&GL found that the monthly data have signifidgnt

negative autocorrelatiofd0.28) whereaghe quarterly consumption data have positive fosder
autocorrelatior{+0.29),as shown in the following table:
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Table 10

Time Series Properties of Percentage Changes in Real, Per Capita Consumption of

Nondurable Goods and Services

Data are seasonally adjusted as reported by the Department of Commerce in the Survey of Current Business. T denotes the
number of ohservations, while é and SD(c) are the sample mean and standard deviation, respectively. Under the hypothesis that
the observations are serially uncorrelated, the asymptotic standard errors for the sample autocorrelations are 1/v'T, as given by
SD*(p,). Under the hypothesis that p, = 0.25 and p, = 0 V |;| > 1, §D{p,) and SD{p,) report the asymptotic standard errors
using the results of Bartlett (1946). The test statistic for the joint hypothesis that all autocorrelations are zero for lags 1 through
12 is given by @z, the modified Box-Pierce @-statistic. §); is asymptotically distributed as chi-square with 12 degrees of freedom.
The p-value is the probability of drawing a @, statistic larger than the current value under the null hypothesis.

sp+ §b $b
Time Period T ¢ gb{r:l P Be P e Fs 7 I - B iz p-Value
Panel A: Quarterly Consumption Data
J902-8204 176 0.00543 0.00951 0.29 003 =000 0.07 002 o008 007 008 2393 002
39Q2-5204 55 0006865 001517 0.30 0.03 -0.04 0.08 0 013 012 014 1126 051
53Q1-67C4 ) 000463 0.00549 0.21 0,09 011 =001 022 013 012 024 1125 051
GE0G1-8204 60 000511 0.00487 0.36 001 0.26 008 =031 013 012 014 2696 001
Panel B: Monthly Consumption Data
1959-1982 287 0.00178 0.00447 028 002 -014 -012 =019 O08 005 0D 4309 0,00
1958-1970) 143 0.00199 0.00467 =031 =011 018 =008 -017 008 008 009 3349 0,00
1971-1882 144  0.00156 0.00427 =0.24 007 009 -016 -016 008 008 008 200566 (.06
Panel C: Quarterly Sampling of Monthly Consumption Data
S002-8204 95 000621 0.00568 013 013 0.20 004 =017 010 009 011 1342 034
SOQZ-T0C4 47 000576 0,.00506 013 =015 013 =003 =004 015 013 015 1061 0.56
TIQ1-8204 47 0.00468 0.00623 012 =007 022 =010 -02 004 013 0056 1140 0.50

Source: Breeden, Gibbons, Litzenberger (1989), Table I.

Thus,monthly growthrates of consumption likelgrebeing dominated by the noise of

weather, strikgsand tax changes, whereas the quarterly data (and semiannual and annual

percentage changes) are much more likely to pick up real economic si§obsequent

empirical testdy Parker and Julliard (2005) and Jagannathan and Wang (2007) appear to

support this explanatigome., ParkerJulliard examine consumption betas measured by

cumulatingconsumption growtlever 11 quartersand JagannathaWWangexamine 4quarter

changes.To have moreonoverlappinglata, we prefer the use oinonth or 2quarter

percentage changes, as in Vissilgggensen (2002) and Breeden (2012). Tests based upon

monthly percentage changes in real consumption are simply not reliableflgaew signato-

noise ratio and the presence of large reversals, which can statistically dominate the results.
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To illustrate that real consumption growth measured witto@th or 2quarter
differencing is picking up real economic risksd fluctuations in marginalilities, consideithe
relation ofcontemporaneous changes in the unemployment rate versus real consumption growth

and real stock market returns in the followgrgphsfrom Breeden (2013)

Figure7

Strong Relation of the 6 Month Change in the
Unemployment Rate (x2) vs. Real Total Consumption Growth

(Last6 Msonths) Semiannual Data 1960-2013Q2
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Figure8
Weak Relation of 6-Month Change in
Unemployment Rate (x2) vs. Real Stock Return
(6 Months) Semiannual Data 1960-2013Q2
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Changes in the unemployment rate are nmaohe contemporaneously correlated with

real consumption growth than witbal returns on the stock market, with a sleptatistic of-
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6.7 versus1.3, respectively, and correctedRilues of 0.30 versus 0.02 with nonoverlapping
data from 196€2013. Thg, even given the difficulties of measuring consumption growth, it
appears to be strongly correlated with likely measures of marginal utility. Correlaticzad of

consumption growth with total employment growth and loan chargeoffs show similar results:

Table 11

Consumption and Marginal Utility:

Dependent Variable | 6 Month Unemployment Growth Total Loan Charge-offs
1960-2011Q2 1985-2011Q2
Independent Variable Slope | t-statistics;] CRSQ Slope | t-statisticsy CRSQ
S&P 500 0.001 | 01 001 || 0006 | -07 | -001
6 Month Real Return
Total Consumption | 55 5.6 0.23 0.16 4 0.23
6 Month Real Growth
NDS Consumption |, 5, 6.2 0.27 022 | -45 0.27

6 Month Real Growth

Chen, Roll and Ross find tleeedit risk variablejgnk bond premiumto be highly
significant in pricing risks. Thus, the prior table, which shows that loan chargeoffs are closely
correlated with reatonsumption growth (t=4.0 to 4.5 for total real consumption and NDS
growth),shows that this is likely picking up part of the consumption risk of the absetwith
more precisely measured variablésgure 10shows the relation of the credit spreatinszn
Baa rated bond yields and-Y6ar Treasury yields and the unemployment rate. It is quite easy to
see the close relation of credit spreads to the unemployment rate and economic recessions and
growth periods.
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Figure9

Credit Spread (Baa-10 Yr Treasury Yield) vs. Unemployment Rate
Semiannual Data 1960-2013Q2
Recessions: High Unemployment, High Credit Risk
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As credit yield speads are forward looking, much as the stock market is quite forward
looking, they are contemporaneously more highly correlated with stock returns thaamnare

chargeoffschanges in the unemployment ratelthe growth in theotal number of jobs.

Tablel2

Consumption and Marginal Utility:
Loan Credit Risk: BP Change in Yield Spread of Baa-Treas
Corporate Bonds: 1960-20110Q2(6m chg)

Independent Slope t-statistic CREQ
Variable

S&P 500 -1.96 -4.0 0.13
6m Rl %chg

Total Real -8.50 -4.1 0.13
Consumption
6m RI %chg

NDS -8.56 -2.8 0.06

Consumption
6m RI %chg

The results give in the above tables suggests that the Chen, Roll and Ross economic
factors may be viewed as instrumental variables for the unobservable true rate of growth in per

capital consumption.
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Breeden, Gibbons and Litzenberger (BGL, 1888yossman, Melino and Shiller (1987)
and Wheatley (1988) examined measurement issues in consumption (such as time aggregation)
and their biases on measures of volatility and consumption betas. BGL derived two useful
results used by many subsequent auth@dg biases in consumption betas due to time
aggregation, and how those biases are reduced with increased differencing intervals for
consumption growth, and (B) estimation of consumption betas relative to returns on a
consumption mimicking portfolio, wbh allows greater number and frequency of observations

and more precise estimates of consumption bet

A. Time Aggregation Biases in Consumption GrowthBreeden, Gibbons, Litzenberget

Ignoring other measurememt bl ems, the reported (Ainteryv
guarter is the integral of the instantaneous
CCAPM relates expected quarterly returns on assets (e.g., from January 1 to March 31) and the
covariartes of those returns with the change in the spot consumption rate from the beginning of
the quarter to the end of the quarter. This subsection derives the relation between the desired
popul ation covariances (and Isandtepopulation asset s o
covariances (and betas) of assetsd returns re
variance of interval consumption changes is shown to have only two thirds the variance of spot
consumption changes, while the autocorrelatiomteirval consumption is 0.25 due to the

integration of spot rates.

Without loss of generality, consider a tgoarter period with t=0 being the beginning of
the first quarter and t=T being the end of the first quarter. All discussion will analyzdiaedua

consumption rates, so T=0.25 for a quarter. Initially, let the change in the spot consumption rate

over a quarter be the cumulative of n discrete chan@sEB* M8 B for thefirst quarter

and 3 B M forthesecond quarter. Thatés & B 3 . Similarly,

% Note that the BGL paper results in this section were complete Byd@Bwere contemporaneous with or prior to
Grossman, Melino and Shiller (1987).
* This subsection is taken from Breeden, Gibbons, Litzenberger (1989), Section II.B.
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let the wealth at time T from buying one share of an assetattifand reinvesting any

dividends) equal its initial price plusrandom increments3- . 0 0 B 3.

Changes in consumptio;, , t he as s &t,&re assuméduorb@homoscedastic
and serially uncoelatedThe cont emporaneous covariation
consumption changes,is . The variance of the change in the spot consumption from the

beginning of a quarter to the end of the quarter is:
ODA® 6 UVvoOB 3> , 48 (35)

The first quarted seportedannualized consumption, , is a summation of the

consumption during the quarter, annualizedriftiplying by 3 (or-):

D¢

s -B 6Y0 -B 6 B Yo (36)

The annualizedonsumptiorrate for the second quartér, , is the same g86), but with the
first summation for j being n+1 to 2n.
Continuous movements in camaption and asset prices can be approximated by letting

the number of discrete movements per quarter, n, go to infas@ (r). Doing this, the change

in reported consumption becomes

6 6 -Y Q06 —Y Qo (37)

Given theindependence of spot consumption change over tinigjr{plies that the variance of

reported annualized consumption changes is
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VAT I -, Qo — , Qb6 -, Y (39

>v

Thus, the population variance of reported (interval) consumption changes for a quarter is two
thirds of the population variance for changes in the spot consumption from the beginning of a
guarter to the end of the qter. The averaging caused by the integration lead to the lower

variance for reported consumption.

Next, consider the covariance of an asseto
consumption. The covariance of the change in spot consumptiartieobeginning of a quarter
to the end of the quarter wit hYaventhesid.et 0s r et

assumption. With reported, interval consumption data, therieme® can be computed fron8j3

GeEd 6 M 0 Y ¢'Y o, Qb-Y (39

>v

Thus, from (3) the populatiorcovarianceoef an asset 6s quarterly retu
consumption is half the population covariance

changes.

Given 38) and (®), betas measured relative to reported quarterly consomghanges

are-times the corresponding betas with spot consumption:

1 — (40)

Since the CCAPM relates quarterly return§ite p ot bet as, 0 t he subsequen
multiply the mearadjusted consumption growth rates-ip obtain unbiaseis p ot bet as . 0

relation of interval betas to spot betag40) is a special case of the multiperiod differentiating
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relation] I —_, where K is the differencing intervalhus, monthly data

sampledquarterly (i.e., K=3) should give interval betas that—:aren&) o xtime the spot betas.

When quarterly consumption growth rates are calculated from monthly data, the quarterly

numbers are mean adjusted and multiplied by 0.9375.

Although chages in spot consumption are uncorrelated, changes in reported, interval
consumption rates have positive autocorrelation. To see this30)ge €ompute the covariance
of the reported consumption change from Q1 to Q2 with the reported change from Q2 to Q3
noting that all covariance arises from the time overlap from T to 2T:

wéEd 6 B 6 —, Q0 -, Y (4

>v

The firstorderautocorrelationn reported consumption isah since

" & U (42)

By similar calculations, higher order autocorrelasiarezero.B G L ®able | presents the time
series poperties of reportednsplicedquarterly consumption growth rates. Foster
autocorrelation of quarterly real consumption growth for the entire-19892 period is
estimated to be 0.29, which is insignificantly different from the theoretical valu@®t0usual
levels of significance. Higher order autocorrelations are not significantly different from zero.

Thus, the model for reported consumption is not rejected by the sample autocorrelations.

Monthly growth rates of real consumption from 1959 a882 exhibit negative
autocorrelation 0f0.28, which is significantly different from zero and from the hypothesized

0.25. This may be caused by vagaries such as bad weather and strikes in major industries, which
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cut current consumption temporarily but &skowed by catckup purchases. Quarterly growth

rates in consumption computed from the monthly series again have positive autocorrelation of
0.13, more closely in line with the value 0.0625<9rpredicted by the summation bid$e

long the diffeencing interval, the less affected the data are by temporary fluctuations and

measurement errors in consumption.

Chen, Roll and Ross (1986) and Hansen and Singleton (1983) use monthly data on
unadjusted consumpti on gr oiemtsthtisticsSuggestsignifidarda s e d a
departures from the randewalk assumption, the statistics they present warraexaenination.

The use of larger differencing intervals should be fruitful and were found to be in subsequent
research (see Vissiaprgense (2002), Parkedulliard (2005) and JagannathR@éfang (2007)).

Since even consumption goods classified asdwables often have consumption flows
in future periods, the marginal utility of consumption depends in part on past consumption
expenditureso current consumption expenditures impact the future marginal utility of
consumption. Therefore, even under tiatlitive utility, past consumption should have an
impact of current risk premiums. This suggests longer consumption horizons or distagated
in empirical test of the time additive CAPM; e.g., the longer horizon used by Barkard
(2005),which is discussed in Sectioh

B.iMaxi mum Correlation Portfoliod or ®Consumpt

Testing of the Consumption CAP hampered by the infrequent measurement of
consumption relative to the frequency of measuring stock returns, as aggregate consumption in
the USA has been measured only with annual totals back into the 1800s, quarterly only since
1939, and monthly onlysce 1959. Many other countries have even less frequent measurements
of consumption than does the USA. In contrast, we have monthly indexes for the S&P 500 back
to the 1800s, and daily data from the nUnivers
1926. The data is available on Dartmouth Prof

example, we havdaily data on stock returns during the very important economic time period

® This section is from Breeden, Gibbons, Litzenberger (1989), Section I1.C, followindeBré#979, footnote 8).
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covering the Great Depression of 197888, but onlyannual data on aggrege consumption.

The USA is one of the few countries with monthly consumption data for the past 55 years. Most
other countries in the world only have quarterly data on aggregate consumption, which contrasts
with daily data on stock returns, giving staokasurements about 66 times the frequency of

consumption measurements for most countries at present and for the past 50 years or more.

Fortunately for econometric testing, Breeden, Gibbons and Litzenberger (BGL, 1989)
proved that if one would first finthe portfolio that has maximum correlation of its return with
real consumption growth, then the consumption CAPM should hold where betas are measured
against the returns of that portfolio. Articles by BGL (1989), Jagannatteary (JW, 2007) and
Malloy, Moskowitz and Vissinglorgensen (MMVJ, 2009) use this technique to get more
powerful tests of the CCAPM, especially as conditional consumption betas can be estimated
more precisely using this much highermuhr equen
correlation portfolioo (MCP) by BGL, -Whe dAcon
and the Aconsumpitmioakigm® wp dr tf faedt iditGseehsh@ie) by |
descriptive, we wimimic&kéngheofitbomtureapt ( €MP) n

JagannathaklVang in this paper.

A simplified version (where a riskless asset exists) of the BGL derivation of the
Consumption CAPM in terms of the Consumpti on
First, given a riskless asset, letamose the minimum variance Ax1 portfolio of risky assets,

that is levered or unlevered to have a consumption beta of 1.00.

i " ogITQA R GS@,  —H & Q¢ QEMAdaE o Qd VEEQ |
a "L Wwo 0
, %, = ! (43)
U
O@ME N 0 Q4o a 0 -_w | (44)
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1 I (45)

Substituting (%) into (24) gives:

H » f (46)

Premultiplying(46) by the row vector of market portfol

o Hoo» ‘ i o] (47)

=x

} (48)
Substituting (8) into (46) gives:

H » ﬁ (CCAPM-CMP) (49)

which is the Consumption CAPM, where the Ax1 vector of consumption betas are measured
relative to the Consumption Migking Portfolio and the market price of risk is the risk premium
of the market portfolio, divided by its beta relative to the CMP.

Breeden, Gibons and Litzenberger used their quarterly data on industry stock returns
and bond returns to estimate a conption mimicking portfolio for the 1922982 period (using
spliced consumption growth estimates for 1:9839). Their portfolio weights are in the
following table. Note that the junk bond premium is the strongest variablstafjstic,
confirming thatthe CherRoll-Ross statistics for that economic state variable may be attributed

to its real consumption risk.
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Table 13

Estimated Weights for the Maximum-
Correlation Portfolio for Consumption Based
on Spliced Quarterly Data from 1929-1982

All data are in real terms. (Consumption growth is scaled to adjust
for the summation bias). The coefficient of determination for the
above regression is 0.25, and the F-statistic for testing the joint
significance of all the coefficients is 3.93 with a p-value of 0.0001.
Before running real consumption growth on the returns, the data
are mean adjusted. Then consumption growth is multiplied by two
for observations between 1939Q2 and 1959Q1, and by 1.2 otherwise.

Asset Weight t-Statistic
U.S. Treasury bills 0.01 0.02
Long-term government bonds 0.54 1.05
Long-term corporate bonds —0.31 —0.64
Junk bond premium 0.59 2.71
Petroleum 0.27 1.13
Banking, finance and real estate -0.17 0.38
Consumer durables 0.10 0.44
Basic industries 0.33 0.90
Agriculture, food, and tobacco —0.35 —1.45
Construction —-0.11 —0.80
Capital goods 0.03 0.11
Transportation -0.29 —-2.25
Utilities 0.18 0.72
Textiles, retail stores, and wholesalers 0.49 2.69
Services 0.08 1.39
Recreation and leisure 0.13 1.17
CRSP value-weighted index —0.51 —0.38
1.00

Source: Breeden, Gibbons, Litzenberger (1989), Table Il

BGL then estimated consumption betas for the various industry stoit&lips and
bonds using the data on real consumption growth, the returns on the consumption mimicking
portfolio, and the valugveighted return on stocks from CRSBonsumption betas estimated
from 19291982 from quarterly consumption data haxgtdtisics that for stocks are primarily in
the 6.0 to 7.5 range, whereas the estimates relative to the CMRdtatistics that are
approximately 19.0 to 23.5 and those for stock market betas relative to the stock market index
are typically 45.0 to 60.0 or m&ar Thus, using the consumption mimicking portfolio appears to
improve the estimation of consumption risk quite significantly. Subsequent articles by
Jagannathan and Wang (2007) and Malloy, Moskowitz and Vissirgensen (2009) use the
BGL technique inifting CMPs using data for the Farraench portfolios stratified by size and

book to market.
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Table 14

Estimated Betas Relative to 1) Growth in Real, Per Capita Consumption®, 2) Maximum-
Correlation Portfolio for Consumption, and 3) CRSP Value-Weighted Index
NA denotes not available. The maximum correlation portfolio (MCP) is constructed from the seventeen assets given in Table
I1I. The weights of the MCP are determined by maximizing the sample correlation between the return on the portfolio and the
growth rate of real consumption; see Table III for more details.

Max.-Correlation CRSP Value-
Spliced Consumption, Cons. Portfolio, Weighted Index
Quarterly 1929-1982  Monthly 1926-1982 Monthly 1926-1982
Number of Firms (T = 215) (T =684) (T = 684)
Asset
(SIC Codes) 1/26  6/54 12/82 B t(B) R* Buew tB) R PBase tB) R
U.S. Treasury bills — — — -0.11 =127 001 003 386 002 0.01 204 0.01
Long-term govt. bonds NA NA NA -0.01 -0.02 000 0.07 253 0.01 0.07 493 0.03
Long-term corp. bonds NA NA NA 0.24 091 0.00 0.07 252 0.01 0.08 662 0.06
Junk bond premium NA NA NA 2.45 685 018 063 1852 033 0.33 2045 0.38
Petroleum (13, 29) 46 51 69 4.31 637 016 141 2061 038 092 3863 0.69
Finance & real estate 16 43 234 5.85 630 016 150 1881 034 1.19 7595 0.89
(60-69)
Consumer durables (25, 69 157 180 6.86 680 018 1.79 2203 042 129 80.79 091
30, 36, 37, 50, 55, 57)
Basic industries (10, 12, 94 207 194 545 695 0.18 148 2198 041 1.09 100.80 094
14, 24, 26, 28, 33)
Food & tobacco (1, 20, 64 103 81 3.25 569 013 099 1862 034 0.76 58.15 0.83
21, 54)
Construction (15-17, 32, 5 28 53 7.36 706 019 157 1916 035 120 61.22 0.85
52)
Capital goods (34, 35, 38) 39 120 191 5.31 674 018 145 21.10 039 1.08 85.90 092
Transportation (40-42, 78 85 46 5.15 497 010 127 1352 021 1.19 49.04 0.78
44, 45, 47)
Utilities (46, 48, 49) 24 102 176 3.73 6,10 0.15 1.04 1940 035 0.75 46.34 0.76

Textiles & trade (22, 23, 46 101 119 5.63 784 022 166 3049 058 095 48.73 0.78
31, 51, 53, 56, 59)

Services (72, 73, 75, 80, 3 4 57 4.21 418 008 165 1297 020 080 1282 0.19
82, 89)

Leisure (27, 58, 70, 78, 12 31 59 7.35 695 018 185 23.03 044 122 4982 0.78
79)

CRSP value-weighted NA NA NA 4.92 706 019 137 2373 045 1.00 — -

*The spliced consumption data are scaled to adjust for the summation bias problem. Real growth in per capita consumption
is multiplied by 0.75 for observations between 1939Q2 and 1959Q1, and by 0.9375 otherwise.

Source: Breeden, Gibbons, Litzenberger (1989)

Breeden (2005) illustrated a simpley&iable consumption mimicking portfolio, which
likely has nore robust coefficients than the original BGL portfolio, which estimated welights
17 portolios. He found that a portfolio of just the S&P 500 stock index, the credit spread of Baa
versus 1@year bonds, and they&ar vs. 3month Treasury vield spredcd a corrected R
0.24 for real nondurables and services consumption growth and 0.29 for real total consumption
growth, both statistics quite comparable to the BGL fit with &r B.25. All of these variables
can be measured daily and intraday, sg ti@d promise for better estimates of a good

consumption mimicking portfolio that can be used to estimate consumption betas more precisely.
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Table 15

Maximum Correlation Portfolio

Semiannual Data (Dec-Jun) 1960-2004

PCETot |PCETot |PCENDS |PCENDS
Slope t-stat Slope t-stat
S&P 500 |.0685 3.30 .0549 3.55
dBaa -10|-1.54 -3.06 -0.85 -2.27
¥r Treas
(bp sprd)
Lagged |0.70 2.74 0.39 2.03
3Yr-3Mo R5Q=29 R5Q=24
TS Slope

Source: Breeden (2005)

VI.

One ofthe weak links in the theory of the 1970s and 1980s that was used to derive the

Non-time-separable Utility Functions. Habit Formation and Recursive Ultility

Consumption CAPM was the assumption that the utility of a lifetime consump#onspl

additive over timeds in eq. 1). Thus, the utility of consumption expendiatiteme t depended

only upon the real amount consumed at that time. The utility function could be quite general and

nonlinear, but utility was not allowed to depend upon the prior histotlye expected future

pathof consumption for the individual. Thassumption was made primarily for mathematical

tractability, as behavioral researchers have known for some time (and most people know

introspectively) that people really do not like to reduce consumption very significantly, once a

standard of living i®stablishd. Researchers now say that an indivicdissabliskesa

ihabi

consuming a certain set of goods aogta certain amount, andvsery averse to falling much

below that level. When individuals are fortunate and consume significantly alale a

established habit level, perhaps they are not too risk averse to falling back in consumption

somewhat, as long as they do not fall below a baseline habit level. Habit levels presumably
e stahdard of livedhiraptloveg and d u a | |

evol

is maintained at a higher level.

vV e

over t

me

and

spending $60,000 per year feeveral yearg, h e

ar e

habi

t

or

fsubsi

stenceo

have moved up towards theméevel of $60,000Consumption flows fromyrchases of

durables such as houses and autos are costly to reverse, which tends to reinforce this effect.
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I n attempts to solve Mehra and Prescottds
utility functionswi t h Ati me compl ementarity, o wherein ut
time is affected by consumption leselt other points in time. éaders in deriving and using
utility functionswith time complementaritwerevery early articles biPye (19721973),Kreps
and Porteus (19783nd then byBergman (1985 Gr eeni gés Princeton disse
Sundaresan (1989), Epsteind Zin (1989), Weil (1989 onstantinides (199@nd Abel (199Q)

Pye (1972, 1973nd Greenig (1986nodeled maximizationf the expected utility of lifetime

consumption with a multiplicative function of consumption at different dates, raised to various

powers P y emiilgplicativertifetime utility function is:
N . +1 ¥ >0
v=sl1§cpe 5= y#0 .
-1 ¥<0

(50)
This allowed Pye to model relativisk aversion that is aggependent, as RRA=q, where q is:
:." s
G =1 Ay =1~ TZHT&J
(51)
Thus, Pye found that relative risk aversion increases with age for those more tolerant of risk than
with log utility, and @creases with age for those less tolerant than log utility.

In 19891990, there was a flurry difve significant paperpublishedwith nontime-
separable utility functions:Sundaresan (1989) and Constantinides (1990) niodeh t tebitn a |
f or mat irebythedutility tha consumers get from a certain consumption level today
depends upon how that level compareth&r ownpast levels of consumption, which forms
their habit. Abel (1990)proposesi c at chi ng up amotlelofiitelxe eXbibrad Ve sh,ao
formation. It is external, as the habit is not a choice variable for the individual, as utility from
consumption is modeled as a function of the p
aggregate per capita consumptidgpstein and Zin (1983nd Weil (1989) (often collectively
ref er r edwWadt)olloveing Beiiglhan (1985 evel op Arecursive util i
consider anticipated future consumption levels in determining the utility of alternative

consumption levels todayl hese utilityfunctionrs have been used in sevegaipirical tests
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Both Bergman (1985), using recursive preferences, and Sundaresan (1989), using habit
formation found that with these preferences tisplayt i me compl ement a-ri ty

beta Intertemporal€PM i s still wvalid, but i1t can no |

single consumption beta model . o6 (Bergman, 198

models based on tirreeparable utility able to explain the remarkably stable behavibeper

capitaconsumptos er i es, despite the tremendous vol ati

shows that while higher consumption increases current utility, the utility increment is diminished
due to the negatiwatility effect of having a highezonsumption standaréh¢ernalhabit) going
forward. Knowing this causes consumers with nonseparable utility to optimally dampen their
consumption responses to wealth shocks (both up and down). wittuspnseparable
preferencesany given shockn thesystem must cause greatezalthfluctuations in order to

have a givemmpact onconsumption.On the portfolio policy side, Sundaresan (1989, p.85)

showed that with his nonseparable preferences

risky aset) a constant proportion of wealth in excess of the capitalized value of the consumption

s t a n dTis jdstifiés a portfolio insurance creation strategy, as in Black and Perold (1987).

Constantinidesdéd (1990) . vike Buklaresang1989)ehhaelc i al | vy

a model of consumers maximizing expected ut.

established by the consumer 0s morevmuitinethantaro r y o f

Aext er nal mathematitallyon@bomplex.i Iis contrastyith an external habit,

consumers gauge their satisfaction by comparison with consumption of others or comparison

with average consumption per cafggae Abel (1990) and Campbélbchrane (1999))In the

latter case, theconsundes current deci sions do not affect
mathematical solutions are simplified. Constantinides (1990) assumes consumers maximize the

expected value of the following utility function:

0. Q[ wd wo Qb (52)
where 20 Q o @ Q @i QB (53)
Thus, C o n modalsihgahit asianl exEoidentially decaying weighted average of past

consumption rates, quite a sensible mathematical model for an internal habit. As consumption
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drops down towards the habit level, it is as if consumg@mproachegero in prior CRRA

modds, and marginal utilitieapproachnfinity, which made it optimal to never go to zero.

While habit formation could be interpreted as a kinked utility function with the marginal utility

of consumption having a large upward jump as consumption falls lteéohabit. In contrast,

the above formultation is an extreme version of habit formation that implies a Duesenberry type
racheting consumption demand that prevents consumption from falling below the exponentially

weighted average of past consumption.

With these modelsf time complementarity, Constantinides (1990) pointed out that a
wedge is driven between the elasticity of intertemporal substitution and the relative risk aversion
for an individual, as later emphasized by Vissiloggensen (2002) and otke Constantinides
demonstrated that habit persistence can generate the sample mean and variance of the historic
consumption growth rate with a losxponent on the excess consumption term {&(t)). Table
16 from Constantinides describes economies ¢ha be generated with his model of habit
persistence:

Table 16

MEAN AND VARIANCE OF THE CONSUMPTION GROWTH RATE GENERATED
BY THE MoDEL wiTH HABIT PERSISTENCE

Parameter a, per year .1 2 3 4 ) 6
Parameter & .093 172 250 .328 405 492
Mode (%) of the state
variable z .86 .82 .81 .80 .79 .81
Mean annual growth
rate in
consumption:
Unconditional mean .018 019 .018 018 018 018
Atz = £ 011 013 014 014 014 0l4
Standard deviation
of the annual
growth rate in
consumption:
Unconditional mean .036 .036 .036 036 .036 .034
Atz = 2 .023 .029 .032 .033 034 .032
RRA coefficient:
Unconditional mean 8.67 4.37 3.47 3.09 2.88 2.81
Atz = 2 7.03 4.09 3.36 3.03 2.84 2.78
Elasticity of substi-
tution (s)
atz = 2 .06 .08 .09 .09 .09 .09
s-RRAatz = £ 42 .33 .30 .27 .26 .25
NoTe.— The assumed parameter values are r = .01, the annual rate of return of the riskless technology; p — r =
.06, the difference between the mean annual rate of return of the risky technology and the annual rate of return of
the riskless technology; o = .165, the standard deviauvon of the annual rate of return of the risky technology, v =
— 1.2, the power in the utility funcuon; and p = .037, the rate of ume preference in units (year)

Source: Constantinides (1990)
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where a is the exponential decay rate in weighting past consumption levels in the habit and b is

the multiplier for the past consumption in the utility fuont

The recursive preferences developed by Epstein(1989) and Weil (1989JEZ-W),
who built upon fundamental preference modeling by Kreps and Porteus (A&f8quently
used inmodernfinancialmodels, such as the lomgn risk model of Bansand Yaron (2004).
Epstein and Zinb6s recursive preferences all ow
be disentangled from the coefficieint of relative risk aversion RRAL Bogut h and Kue
(2013) notation, the agent wiBZ-W prefeences maximizes recursive utility over consumption,

using the formula:

U, = (1= B)C + BE[UT )" 1" (54)

where C; denotes consumption, f € (0, 1) the rate of time preference, p =1 —
1/¢ and ¢ the EIS, and y RRA.

I n a representative agent model |, Epstein and
consumption and the mar ket return entedr into
they find that an assetdos fAprice equals the d

di scount factors involve both consumption and

Weil (1989), in a followup article to his 1987 paper that independently derived recursive

prefereces similar to Epstein and Zin (1987), f o
puzzle, 0 due to the historically | ow | evel of
However, as Wei l (1989, p. 4 bedweensgersirette fofmé | nt

of undiversifiable individual consumption risk goes a long way towards explaining both the
equity premium and riskree rate puzzles. If individual consumption is more risky than
aggregate consumption, one can explain whyitikepremium is large even though agents are
only moderately rislaverse in the aggregate. At the same time, the price a consumer will be

willing to pay for a safe unit of consumption tomorrow will risee., the riskfree rate will
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decrease. Thereforthe existence of heterogeneity and of market imperfections is likely to hold
center stage in the explanation of the equity premiumandrisk e r at e puzzl es. O
nicely into our next section on limited participation, incomplete marketsrauathlarger

individual consumption riskthan aggregate per capita consumption risks.

VII. Limited Participation and Incomplete Markets

Mankiw and Zeldes @91) were first to consider the implicationdliafited
participation in asset marketsTheir article using the Panel Study of Income Dynamics (PSID),
separatsand analyesthe consumption of stockholder and reinckholdethouseholdso
explainthe equity risk premiumgiven thatstockholders only accousd for 25% of the whole
US households 1984 The authorsrgue thati One group i s i nvolved in
is at an interior solution with respect to the holding of stocks, and the other group holds no stocks
at all. The relationship between aggregate consumption and the stock markedredresicve
is no longer valid, because aggregate consumption includes the consumption of both the
individuals who satisfy thefirst r der condi ti ons and those who d

Man ki w a n find thatstockleokldr sonsumptiagrowthhas higher volatity and
correlation withthe market rsk premium than nestockholder consumption growthAs Table
17 shows, stockholders have a correlation of consumption growth with stock returns equal to
0.49, almost 5 times as large as #sbockholders, who have arcelation of 0.10. Volatility of
stockhol dersd consumption gr owt-$tockhaddderfat0 32, al
0.020. The combination of higher correlation and higher volatility gives stockholders a
covariance of consumption with stock marteturns that is 7 times higher. Mankiw and Zeldes
then compute that the impli@dnstantelative risk aversiofor afirepresentatve har eh ol der 0
that is consistent with these statistics drmpabout a third the level implied by full participation,
from 100 to 35
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Tablel7

Calibrating the equity premium: Stockholders vs nonstockholders.

GC is the growth of consumption (based on the PSID) and r™ — r' is the difference between the
return on the S&P 300 and the return on three-month Treasury bills, A is the coefficient of
relative risk aversion implied by the corresponding estimates. Data are for 1970 to 1981,

Implied

p(GC, cov(GC, value

rm -0 o{GC) olr™ ~¢h) P - rh) E(r™ —FD) of A

PSID 0.26 0.021 0.143 0.000796 0.080" 100.4

all families

PSiD® 0.10 0.020 0.148 0.000303 0.080° 261.9
nonstockholders

PSID® 0.49 0.032 0.148 0.002270 0.080"° 352

stockholders

“Based on split 3 (a household is a stockholder if it holds at least $10,000 of stock and a
nonstockholder otherwise). '
®Uses value from 1948 to 1988.

Source: Mankiw and Zeldes (1991).

The estimate 85 for the constant relative risk aversion of a representatiaesholder
is still implausibly large, and might be causedHwyextremely small sampd 9701984 annual
data) of only 14 annual food consumption growth observations and the assumption that
stockholding status remains unchanged for each household throughout the whole sample period
as well as the assumption of constant relative risk aversiberefore, the ge of equity risk
premium is reduced per their results, though it is still not fully resolved due to data limitations
and/ or misspecification of the for mAlhbugh he r e
theshortsample period is a major litation, the observedifferences in estimtaegonsumption
correlation volatility, covarianceindtheimplied risk aversion parameters of these two groups

shownaredramatic enough tstimulatefuture research.

Heaton and Lucad 992, 1996have two impaantarticles onncomplete marketsand
the volatilities ofindiv dual s & ¢ o n s u s daggragategconsumptibnsgrowthin s
the 1992 paper, Heaton and Luadsverlyemploy a 3period, 2person model to demonstrate
how market incompletenessombined with market frictias(such as borrowing and shstle
constraints, as well as transactions cose)explaintheequity risk premium. The market is

incomplete inhavinguninsurable labor income shocks, either transitory or permaBgisettirg
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up 3 periods in the model, they are able to mudelke as well as taliffereniate between

transitoryand permanerghocks to incomeAnd with 2 heterogeneous agents in the model, they

are able to modelnemploymentisk in a possibleecession.Theyfind that he assumed market
structure has a large and systematic impact on predicted assetnEgsalso note thathether
consumers usasset markets to smooth consumption depends critically on the persistence of the
idiosyncratic shocksThey pointo u t  Thé abitity téi seHinsure diminishes as shocks become
more persistent, because more persistent shocks have a larger impact on permanent income and
hence on desi rThid HeatoAnusas(1892) modets vedy thoughiprovoking,

but perhapsa problem is that there is so much model flexibility that it seems possible to explain

almost anyempirical data.

In their 1996 article, Heaton and Lucas decompose the two effects of transactions costs
on the equity premiumThe direct effects because individuals equatearginal benefitsnet of
transactiongossk. Theindirect effect occurs because transactions costs result in individual
consumption that more closely tracks individual income. In the simulatfendind that the
direct effectdominatesand can produce a sizable equity premium only if transactions costs are
large or the quantity of tradable assets is limited. Taeyot resolvevhetheror notthere is a
realistic assumption about transactions costs that can simultaneousain &x@ low volatility of
short bond rates and theghivolatility of stock returnsThey doseem to recognizihattaxation
of capital gains based on realizations is a form of a \&geltransaction costs on asseith

high appreciation that could lé&o concentrated portfolios in their model.

Two insightful articleslocumentingnefficient allocations of consumptia@nd analyzing
theirimplicationswere published in the August 2002 issue ofdbernal of Political Economy
by Brav, Constantinides dnGeczy (BCG), and by Vissingprgensen (\), respectively. In
both articles, the authors use the data set provided by the U.S. Bureau of Labor Statistics in its
Consumer Expenditure SurveBCG provide a excellentdetailed explanation of thiguartery
series of crossections of household level consumption data. Each quarter approximately 5,000
households are surveyed about their spending on a list of consumption goods and services that
account for approximately 95% of all household expendituresiséholds are chosen randomly

according to stratification criteria determined by the U.S. Census and are surveyed for 5 quarters
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in a row, one training quarter and four regular ones. Every quarter 1/5 of the sample is replaced

by a newly selected housetpko 4/5 of the sample is the same from one quarter to the next.

The data started in 1980 Q1; howevtrey omit the first two years since Attanasio and Weber
(1995) explainedhat the 1980 and 1981 dat& a&f questionable qualityThe following table

fromBC GO s

are sampleduarterlystartingin January, February and Marttanchesrespectively:

SUMMARY STATISTICS ON PER CAPITA QUARTERLY CONSUMPTION

Tablel8

@ivestthe summary statistics for per capita consumption of households that

NuMBER OF HOUSEHOLDS

Housenorn CoN-
SUMPTION LEVEL

Housenorn Co~-
SUMPTION
GRrOWTH RATE

Standard Standard
Minimum Median Maximum Mean Deviation Mean Deviation
AL Total Assets =%$0
January HHh2 692 825 2,437 368 —.01 .06
February 569 682 761 2,466 370 —.01 07
March 533 688 794 2,436 378 —.01 .06
B. Total Assets >$2,000
January 31 80 108 3.53561 528 .00 .08
February 30 81 104 3.426 Hbh4 —.01 .09
March 39 81 113 3,469 606 .00 .09
C. Total Assets =$10,000
January 22 53 S0 3,541 560 .00 10
February 18 H4 76 3.621 HH3 —.02 10
March 23 56 83 3,665 631 —.01 11
D. Total Assets =520,000
January 14 40 69 3,657 605 00 10
February 13 40 63 3,764 606 —.02 10
March 16 40 71 3,773 681 —.01 12

Noted We present summary statistics on the quarterly per camitsumption of nondurables and services by

households for the period 1982119 9 6 : 1 .

by

aggregating

t he

The
dods

househol
househol

dods

consumption of
quarterly

cth@asumpti on

definition of nondurables and services. We employ aggregation weights that adhere to the NIPA definitions of
consumption of nondurables and services. The household consumption data are filtered using the methods
described in Sec. IIC and are deflatetb the 1996:1 level, using the CPI for consumption of nondurables and
services. We obtain the CPI series from the BLS through Citibase. We report sample means and standard
deviations for both the level of consumption and consumption growth for a variaéfimitions of asset holders

as well as summary statistics on the number of observations in the particuldroddisef layer. Asset holders

are defined as the households in the database that report total assets;adjas@@ dollars. We present

sunmary statistics separately for each of the three tranches (interview groups) labeled January, February, and

March.

Source: Brav, Constantinides, Geczy (2002).
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The estimated standard deviation of real consumption growth for these subsets of
households, wich are given in the far right hand column of the above table is particularly
informative.Quarterly growth rates have volatilities from 6% to 12%, with wealthier households
having higher volatilities. If consumption growth was independent from quantgratter, these
would annualize proportionally to the square root of time, so the annualized volatilities of real
consumption growth would range from 12% to 24%, which is quite a lot of volatilitisand
considerabl@above theapproximatelyl.0% annualizd volatility of aggregate per capita
consumption in the postwar period in the LhBd 3.6% from 1889978 asgiven inMehra and
Prescottds Tabl e 2. This | evel of vohmt il ity

limited participation houd®lds is one potential rationale for the equity premium puzzle.

Brav, Constantinides and Gedzgve a dual goal of investigating the pricing implications
of theincompleteness of markdtst insure against idiosyratic income shocks and thmited
participation of households in the capital markets. B8@ f i ne a fAstochastic d
( SDF) or f pm,aza fungionkhathas éhé property that for all assets j:
Elm,R.|F =1, =1, ....[
[ [ _;.r| ! l:| J’ JF (55)

And applying this to any two assets, such as the market portfolio M and riskfree rate F we have:

Elm(R,;, — Hf-;x)J = 0.

(56)
They note that, quite generall y,i ndduievitdou atlhbes E
marginal rate of substitution of consumptiard hOUcross dates and states should be a valid
SDF. And they point out that any weighted su
This is true whether markets are complete or incetepGiven this, they compute the
Aunexpl ained mean premiumo statistic, u, from
follows:

.
wu= T" 21 m(R,,— R,) (57)

They al so exami ne titgeetufhyvfar highdookmaeketandlom® by us
book/ mar ket portfolios and computing a fAcondi

book/market is the conditioning varialiieTheir unexplainegbremium statistic for this is:
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T

u=T"2 m(R,, —R,).
=1 (58)

Then, using an assumption of power utility/constant relative risk ave Bi@a estimate
the individual househol dés margi nal rate of s
growth to a power e@l to the negative of the RRA coefficientith a time discount factor of
b=dand U=RRA in BCGés notation, the SDF for a

B( ZJ:= I (".J'.l' )—ﬂf
m, = f .
Zi=| -1 (59)

BCGfilter the data so that a few extreme outliers do not domthateesults and then test the
null hypothesis that the Euler equations hold and the mean values of the unexplained premium
statistics are individually zero.

Some of Brav, Con s(20@2jdstirasultdaecsas falondsioGe c zy 6 s
constantelative risk aversion values from 0 to 9, they find that the unexplained equity risk
premium test statistic is positive for low valuesGBRA and negative for higBRRA, crossing
zero atCRRAbetween 3 and 4, a range thatisved aglausibleby many ecoomists. When
skewness in consumption growth is considered, the unexplained equity premium remains
positive for all levels o€RRA from 0 to 9 and even increase<CRRA increases, but the
amount is statistically insignificant f@RRA greater than 2. Wibut considering skewness in
consumption growth, the unexplained premium of value stocks over growth stocks crosses zero
whenCRRA is between 3 and 4, and crosses WRRA between 4 and 5 when skewness is
considered.Thus, for very reasonable levelsadfi r e pr esent ati ve rdlatives ehol d.
risk aversion, BCG appear poovide an explanation for a higher risk premium for the value
stock portfolio compared to the growth stock portfolio baselihated participation of

households in incomplete mial markets.

VissingJorgensen\(-J,2002)f ocused on estimating the fdel ¢
substitutiono (EI'S) with the CES data, wusing
participation in stock and bond marketss V-J s t ahe @asticity @f ihtertemporal

substitution determines how much consumers change change their expected consumption growth
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rate in response to changes in the expected r
would be the change in expectedisomption growth for a 1% change in the interest rate. As

the riskless interest rate increases, consumers reduce current consumption and have more to
consume in the future, so the expected growth rate of consumption increases. The amount of that
sensitvity is the EIS. A high EIS means that consumers are willing to vary their growth rate

quite a lot in response to interest rate moves, giving a higher volatility of the lifetime

consumption path. This would be consistent with a higher tolerance fonéfebnsumption

risk and a lower degree of risk aversion. Thus, as we saw in the term structure theory equation
30, in the CRRAlognormal model, the EIS would equal the inverse of relative risk aversion, i.e.,
EIS = 1/RRA. However, as pointed out by Ha®88) and others since then, EIS can certainly

be quite different fromnelativerisk tolerancdthe inverse of RRAyvhen preferences have time
complementarity. More precisely, risk aversisperhaps best thought of with regard to

intratemporal (timeles) gambles or choices among different risky assets at a point in time,

whereas the EIS is more a descriptor of intertemporal responses to changes in the reward for

deferring consumption.

Vissing-Jorgensen uses the micro data from the U.S. Consumer Experg&lrvey to
argue that accounting for limited asset market participation is crucial for obtaining consistent
estimates of the EIS. As she says, AThe Eul e
the household holds a nonzero positioningdles et . 0 I f households do n
little or no reason why they would vary their consumption in response to changes in its expected
return. Including them in estimates of EIS could lead to substantially downward biased
estimates. Usipdata for stockholders,-¥ estimates EIS to be approximat@lg to 0.4,
whereas for bondholders the EIS estimates are approximately 0.8 to 1.0. Inverting these
numbergives a CRRA estimatef 2.5 to 3.3 using the stockholder data, gives an estimat
of 1.0 to 1.25 using the bondholder data.

To estimate the EIS, Vissintprgensen estimated the following equation:
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l HH
FE AInCY, = o'In (1 + R.) + 8D, + 8,D, + - + 8:5,D,,
L =1

1 2
+ aﬁz Aln (family size),”| + ), ,, (60)

P =1

where o denotes the EIS, D,, ..., D,, are seasonal dummies, R, denotes
the real net stock return, and H; denotes the number of stockholders
in the cross section at date f.

Vissing-Jorgensen does the estimation using GMM with three different sets of
instrumental variables: (1) has the log dividendéoratio, (2) has that and lagged real stock
return, and (3) has the dividend/price ratio, the bond horizon premium and the bond default
premium. Her results are in TablE. They show that the EIS for stockholders is approximately
0.30, which is much Igeer than the 0.06 for nonstockholdeasralue that shows little sensitivity
of nonstockholders to returns in the stock markeius, stockholders shawuchmore
willingness to respond to better returns than do nonstockholders. Further rows of tekdable
that this is even more true for the wealthier householdbedswest 1/3 households by wealth
have an estimated EIS of 0.05, the middle 1/3 have an EIS of 0.18 and the wealthiest 1/3 have an
EIS of 0.49. Thus, Vissingorgensen showed that limitadset market participation is very
important for estimating the elasticity of intertemporal substitution, EIS. Differences across
stockholders and nonstockholders, as well as between bondholders and nonbondholders, are
large and statistically significanfThis researckhould bequite useful to the Federal Reserve
and other policy makers as they estimate the likely responses of consumers to changes in interest

rates and risky investment returns.
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Tablel19

GMM EstimATION OF LOG-LINEARIZED EULER EQUATIONS: REAL TREASURY BILL RETURN AND REAL VALUE-WEIGHTED NYSE RETURN,
SEPARATE EsTivaTions (CEX, 1982-96, Semiannual Data)

wald wald

Instrument Set 1: » FU Test » FU Test
Equalsl Equalst
A. Euler Equation for Stockg. Euler Equation for Treasury
1. All Household Sizes 1. All Household Sizes

All 0.10 0.37
0.07 0.23
Stockholders 0.30 0.93
0.15 0.37
Nonstockholders 0.06 0.11
0.08 0.27
Bottom layer 0.05 0.99
0.19 0.66
Middle layer 0.18 0.29
0.27 0.55
Top layer 0.49 1.65
0.33 0.52

Nonstockholders vs. stockholdgrs 3.26 4.03

0.07 0.05

Nonstockholders vs. top layer 2.15 8.06

0.14 " 0.01

2. Single-Individual Househol2. Single-Individual Househo

All 0.20 0.68
0.17 0.46
Stockholders 0.70 2.62
0.5 0.89
Nonstockholders 0.08 0.05
0.14 0.48

Nonstockholders vs. stockholdgrs 1.73 8.37

0.19 0.004

NoTe.—Numbers in parentheses are standard errors for 5 and pvalues for the Wald test. For the overidentification test, the entries are pvalues, and the test has two degrees of freedon
for each of instrument seis 2 and 3. Twelve monthly dummies are included as explanatory variables and instruments, The esimartions for all household sizes furthermore include
Aln (family size) as an explanatory variable and instrument. In addition the instrument sets include the following variables. Instrument set 1: log dividend-price ratio. Instrument set 2: log
dividend-price ratio, lagged log real value-weighted NYSE return, and lagged log real Treasury bill return, Instrument set 3 log dividend-price ratio, default premium, and bond horizor
premium,

Source: Vissinglorgensen (2002).

Usingupdatechousehold leveCES data (with help from Dana Kiku, of thaiversity of
lllinois), we computed the volatility of real consumption growth for households of sizes 1, then
for 2-3, and 4+ members, as well as by 3 levels of incotdpper 1/3, Middlel/3 and Lower

1/3. Individual percentage consyion growth volatility inTable20 belowcompares with
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volatility of just approximately 1.0% for aggregate per capita consumption growth of
nondurables and services. The calculations that individuals IsgatMpkrience real consumption
volatility morethan7% should reduceonstantelative risk avesion estimates by a factor of at
least 7 which would bring many risk aversion estimates into the 1 to 10 range that many
economists believe is reasonable
Table 20
NDS Consumption Growth Volatility

Income
Lower Middle Upper Row
1/3 1/3 1/3 Average
Family 1 person 11.7 12.4 12.5 9.4
Size 2-3 person 9.8 8.4 9.1 6.2
2 4 person 135 10.3 7.6 6.7
Column Average 8.6 8 7.3 6.4

Constatinides and Duffie (1996) developad elegantheoreticaimodel of the impact of
substantial heterogeneity of individu@ilscomeson asset pricing. They model consumers who
havepower utility functions (CRRA), but haweninsurable, persient and heteroscedasabor
income shocks. This tpuite a reasonable and important model, given the differences we have
seeninthereceding abl es f or househol dsd consumption Vv
consumption volatility.Constantinides anduffie observgl p. 223) fAé t he model
potential source of the equity premium is the covariance of the securities returns with the cross
sectional wvariance of individual consumerso c
conditond i rrelevant in an economWi wht 8BRRA¥U aods
carefully built model of individual income shocks, the Euler equation is derived in terms of

aggregate consumption,G andameasar , which Aéis interpreted .

crosssectional distribution of log@(; 76 T 070 Owhere i=1to N represents different

individuals(p. 229):
o Cer) a(e +1
E|:Rj,:+1€ p(%l) exp[_(i?—“lj'?ﬂ] ld’::l =1
¢

(61)
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If consumers were identical in preferences and incomesyttveould be zero and the Euler

eqguation reduces to the familiane for CRRA.

Constantini ddsoampd obef ftihee eghbeéeéletleriogrmensol
consumoedre b i somorphic to that of the represe

speci fic dofourmcst isdisctheh ef al | owi ng

C
Yes1 = a + blog( E-l)
‘ (62)

Substituting this function i nd of drhm Hwlnerr a

equati on ctoa rtelse omldavingghc alepomesent ati ve consume

C —-é
o o] -
: (63)
where the modi fi ed]| rdievk aad wer diraom d def fgincei ewi tt h
R afa + 1
YT {2 & (64)
Though this s mdcsifrieg efcureat iwchrenoft hey test the
di scussion is of general i nterest in explaini
sectional variation is countercyclircal higher

than the <classicalj].Thaikedaoreer¢gsonoonmedar a&ameatnerun.
heterogeneity agouladhdmiowvteakesti mate the risk &

homogenous model

The ConstantinideBuffie derivation of the importander asset pricin@f the cross
sectional heterogeneitfyo ndi vi dual Cc 0 n s sandeonsumptianc/alatilidels, i n c 0 me
rather than just the volatility of the aggregate, is a signifiaadteconomically intuitiveesult in
asset pricing. It seems that almost nobody has consumption volatility as loleasggregate
measures, soOo is it not intuitive that market
actual marginal utilities, which reflect their individual consumption volatilities? This is an area

worthy of additional research. We needitwlerstand the consistency of this result with
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Br e e d e n @mtingolisBme EGAPM with heterogeneous consumers, wherein oorer

spending can be aggregated in asset pricing results.

VIIl.  1990s Modelsof Changing Conditional Risks Risk Factors and Risk Remia

Theperceived failuref consumptiorbased asset pricing modéisexplaining theequity
premium and therosssection of returnge.g., see MehrRrescott (1985) and Breeden, Gibbons,
Litzenberger (1989))motivated over the subsequent decaakh bheoretical researcbn more
general preferences with timemplementarity and habits, and empirical researcmoltiple
factors, conditional risks and changing risk premiums through tAseshown by Sundaresan
(1989) and Epsteidin (1989), peferences with time complementaritystified multiple factors
(with market betas as well as consumption betas), and testing prosee#ted) multiple factors

and multiple prices of risk, along the linesMe r t onds I ntertempor al CAPM
Arbitrage Ricing Theory(APT).

Several articles were produced that appeared to demonstrate predictability in mean
returns, a result that researchers tiadbted based on earliemsearch on market efficiency.
However, researchers began to realize that if riekeige through time and in different
economic conditions (e.g., in risky recessions vs. stable growth periods), then it is economically
sensible that mean returns should also vary with economic conditions to reward investors more
when risk is higher. Keirand Stambaugh (198&)und that the credit yield spread of Baa rated
bonds over Aaa rated bonds had some ability to predict future bond and stock returns. Fama and
French (1988) and Campbell and Shiller (1988) found that trailing dividend yield, an easily
measured variable, had ability to predict returns, especially over the longer term, as much as 7
years out. Kandel and Stambaugh (1989) used dividend yield, a credit risk yield spread and the
slope of the term structure to model thvaerying risk premiura. In a particularly insightful
article, Ferson and Harvey (1991yilt onthis prior workto model both changing conditional
betas and changing conditional risk premiums, finding that the changing risk premium for beta
was a much larger explanatory \adriein returns than are changing betas12 major industries,

10 deciles of sizeanked portfolios, andovernment and corporate bonds and Treasury bills.
Theright hand side of thiollowing table from FesonHarvey shows these results:
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Table 21

DECOMPOSING THE PREDICTED VARIATION OF MONTHLY PORTFOLIO RETURNS, 1964:5-1986: 12 (272 Observations)

DECOMPOSITION BY DECOMPOSITION BY
Economic Risk VARIABLES BETAS vs. PRICE OF BETA

Interaction  Changing ~ Changing  Interaction

PorTroLIO XVW PREM ASLOPE Ul CGNON REALTB Effects Beta Price of Beta Effects
Decile:
1 45.19 6.09 4.74 9.16 31 23.22 11.29 141 67.80 30.79
2 51.42 3.90 3.00 5.59 25 17.50 18.34 1.20 68.58 30.22
3 58.59 3.13 2.53 3.39 A5 14.38 17.83 1.31 75.32 23.37
4 64.45 1.45 2.01 2.57 .36 12.06 17.10 .85 78.71 20.44
5 69.68 1.81 1.43 1.99 16 8.47 16.46 46 80.03 19.51
6 80.05 .87 1.28 2.00 19 8.36 7.25 25 85.66 14.09
7 89.44 .38 61 1.34 12 3.62 449 16 91.62 8.22
8 85.98 38 67 1.50 14 5.32 6.01 25 89.58 10.17
9 97.13 20 .39 2.65 14 1.78 -2.29 04 90.87 9.09
10 105.45 10 .26 47 .06 1.36 -17.70 04 111.44 -11.48
Industry:
Petroleum 150.64 1.91 1.80  67.18 6.80 149.50 -277.83 83 146.67 -47.49
Finance/real estate  112.22 1.32 20 7.18 1.80 6.36 -29.08 42 101.46 -1.88
Consumer durables  87.95 .89 87 4.12 713 15.90 -10.42 04 93.87 6.09
Basic industries 89.07 10 22 2.01 1.91 4.09 2.60 05 95.80 4.15
Food/tobacco 82.11 96 52 5.81 1.50 15.90 -6.80 37 89.24 10.39
Construction 90.03 1.43 .66 4.80 52 8.44 -5.88 .33 83.40 16.27
Capital goods 75.32 61 1.11 15.26 3.20 13.07 -8.57 3.14 97.24 -.38
Transportation 75.47 67 4.28 6.49 1.56 6.25 5.28 .66 84.03 15.31
Utilities 87.61 5.56 4.28 941 13.60 8.27 -28.73 1.73 87.66 10.61
Textiles/trade 65.80 27 37 7.73 6.37 35.00 —-15.54 15 80.40 19.45
Services 74.88 44 37 7.19 32 20.71 -3.91 75 68.66 30.59
Leisure 73.12 10 1.31 17.07 1.13 43.64 -36.37 .80 84.01 15.19
Government bonds 7.23 13227 3.24 1.96 6.56 9.23 -60.47 1.68 91.93 6.39
Corporate bonds 18.3¢  92.70 6.73 1321 21.77 20.07 -72.82 3.92 59.83 36.25
6-month Treasury bill 53 3974 60.74 12.04 5.40 18.76 -37.21 1.19 46.16 52.65

Nored All rates of return are in excess of thenbnth Treasury bill rate. Decile 1 represents the excess returns on
the decile of the smallestlued firms on the NYSE. Decile 10 represents the excess returns on the largest decile
of NYSE stocks. The figureare the percentages of the sample variances of predicted excess returns, using a
multibeta asset pricing model, which are allocated to differantes of predictable variation.

Source: Ferson and Harvey (1991, Table 8)

Ferson and Harvey show that #&imated risk premium for equities varies with
economic conditions, generally increasing in recessions (aarrgspremiums per unit of risk
increase and decreasinguding growth periods, when risk and premiums per unit ofaghear

to subside. Théollowing graph shows this result:
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Fic.1.0 Fitted values from a regression of the price of market beta on the instrumental variables. The values for
the price of market beta are the estimated coefficients from aszodenal regression damonth of 25
portfolio returns on estimates of the market beta coefficients. The monthly estimates of the price of beta are
regressed over time on the predetermined variables summarized in table 3. The regressions include dummy
variables that allow eaclf the slope coefficients to differ in January from their values in the other months. The
fitted values of the regression are shown in this graph. The dashed line represents the January observations; the
solid line represents the other 11 months.

Source: Ferson and Harvey (1991), Figure 1.

In 1992 andl993, Fama and French, in now classic adjdbowed thaaveragaeturns

onstocks and bonds were related to five major explanatory factors (3 from stocks, 2 from bonds):

(1) a general stock market facrisk estimated by market betas, (2) a factor related to

differential performance of small stocks versus large stocks (SMB for small minus big), (3) a

factor related to differential performance of high versus low book/market stocks, which picks up

a premium of value versus growth stocks (HML for high minus low), (4) a term premium

variable measured by the return on ldegn government bonds, less that emdnth Treasury

bills, and (5) a default premium, measured by the return on corporate bondsateds t

government bondsAs the following regression from Fama and French (1993, eq. 1) shows, the

mar ket

portfoliods

excess

return

S

a

Ahodgep

statistically significant common variation with the two bond kearelated factor@-statistics in
parentheses, R 0.38)

70



YO

&L @8 Y

g o

& C

YOmMmnm™iY0o @ &0 0 g pYO'YD g @' 00Q
Bt W

(65)

This regression shows that the stock market plosttends to do better when small stocks
outperform large stocks, when growth stocks beat value stocks, whetetamgovernment

bonds beat bills, and when credit risk is rewarded.

Fama and Fr en civwodhevppzags that stimuladed & klgkrature in
subsequentyears. n t heir 1992 classic, they found that
average return is flat.o Contrary to the pre

for taking equity beta risk in their 19d®91 sample.The firstpuzzletheyis thatsmall stocks
outperformed largstocks (SMB effect >0 on averggeven after taking into account equity
market beta differdarals. The second puzzle is thatiue stocks outperformed growth stocks

(HML effect >0 an average), also after taking into account equity market beta differentials.

Table 22

Average Returns (in % per vear) for
Portfolios Sorted on Size and Betas

Average Returns (in %0 per vear) for Portfolios

All Firms Low Beta | High Beta
All Firms 15.0% 16.1% 13.7%
Small 18.2% 20.5% 17.0%
Large 10.7% 12.1% 6.7%
Table 23

Sorted on Size and B/M Ratios

All Firms Low B/M High B/M
All Firms 14.8% 7.7% 19.6%
Small 17.6% £.4% 23.0%
Large 10.7% 11.2% 14.2%

Source: Fama and French (1992).
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Fama and Frenchdés surprising results have
sample (1963991) and ihas been noted that their estimates have high standard errors. While
the average returns versus betas relationship improves with longer data series and more asset
classes, the size and book/market results have been demonstrated over longer timeAseriods.
we shall see in key articles by Lettau and Ludvigson (2001b) and Jagannathan and Wang (2007)
on consumptiofbased asset pricing, perhaps the size and value/geffetis can be explained
by their differential conditional consumption riskBor examp, value stocks are shown to have
relatively higher consumption betas in recessions, when risks and risk prepauorst of risk
are high, and lower conditional consumption betas in growth periods, when risks and risk
premiumsper unit of riskare low. This effect makes the unconditional risk premium for value
stocks larger, due to the positive correlation of their consumption betas with market risk
premiums Alternatively viewedthe growth stoclportfolio has an unconditionabnvex relation
to consumpon growth indicated by a higher CCAPM beta conditional on expansion periods and
a lower CCAPM beta conditional on recessionary periods. Conversely, the value stock portfolio
has an unconditional concaveatsbn to consumption indicatdxry a lower CCAPNMbeta
conditional on expansion periods and higher CCAPM beta conditional on recessionary periods.
Consistent with Jagannathan and Wangs finditigsanalysis of Kraus and Litzenber§&®83)
suggests that under decreasing absolute risk aversion individulrl have a preference for
positive skewness and the unconditional risk premium for the growth stock portfolio would cet.
par. be less than that for the value stock portfolio.

Jagannathan and Wang (1996) significantly advanced the case for modelirigpoahdi
variation in betas and risk premiums. They modeled changes in betas as being related to the
credit yield spread between low and high grade bonbih is sensitive to perceived risks of
default and is quite related to the state of the econaswasshownearlier in Fgure___relating
credit preads to the unemployment rat@&dditionally, they use a proxy for human capital to get
a better estimate of returns on the true, but unobservable market portfolio. With the broader
market portfolio, comimed with changing conditional risks and conditional risk premiums, they

are able to explain much of the size effect identified by Fama and French.
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In the next section, we will examine habit formation models, wpiokided strong
empirical support foconsumptiorbased asset pricingSubsequent sectiomsll show how this
evidencewas therenhaned by workson conditional consumption betas (Letlaudvigson
(2001H andJagannathalVang(2007), ultimate consumption betéBarkerJulliard (2005))

andthe longrun risk model of Bansal and Yaron (2004, and follow up articles).

IX. Habit Formation Models: Campbell-Cochrane (1999)

I n a major fisecond-basedrasset pricingonadel, 20+oyeassaffap t i o n

the original CCAPMCampbell and Cochrar{@999) developed a landmark model of asset
pricing using a utility function of a representative individual witreaternal habit. Under an
external habit individual do not consider the impact of their current consumption decision on
their habit in futurgoeriods, which simplifies the optimization probleGampbell and Cochrane
successfullyemploythe utility function to fit acountercyclical equity risk premiumlhree
features of their mod@reworthy of note: (1) aslow-movingexternalhabitbased omer capital
consumption(2) i.i.d. per capitaconsumption growtland(3) highly nonlinear utilityand
relativerisk aversiorthat approaches infinityearthe external habitevel. Byassuming a
representative individual with an extatiabit, they sidg#epthe aggregation of heterogeneous
individuals, limited participation issues, and thepatt of current consumption decisions on the
current or futurdnabit. Their model igble to generate counteyclical fluctuations and lonrg

term predictability of egity risk premium by having relativask aversion become arbitrarily
largeas current consumption approaches the external habit.

Individuals are assumed to maximize:

B | — (66)

Note that this preference function is similar to an extended power utility fanettb an
intercept equal to minus tlexternal habitThis utility function displays decreasing relativekr
aversionand relative risk aversion approaches infinityas e r epr esent ati ve
consumptiordeclines tavardthe external habitThus, the habit intuitively seems more like a

subsistence level of consumption, rather than a habit motivgteonsumption envy that the
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Akeep up with the Jon eSneeshandivadual views thésabitesms t o s u
exogenous t he representative individual s consump
the habit. Under the assmption of idatical powers ttas,preference function could be

aggregated from individual extended power utility with diverse external habit leVéls.

modeling of the aggregated external habit as a lagged function of past per capita consumption is
intuitive. Thepreference function is not defined for a negative habit level, which requires
consumption to be strictly above the habit. The above preference function could be used with a
stochastic process on per capita consumption that was consistent with thiiconSor

example, if Gfollowed a shifted lognormal process with a shift parameter,afedlizations of

excess consumption would be positive without makipg ¥inction of ¢ which would not be

intuitive for asubsistence level of consumptioklowever, Campbell and Cochrane assume that

per capita consumption is lognormally distributed and make the external habit an implicit
function of current consumption, such that th

excess consumption is positive fdirraalizations of per capita consumption.

Campbell and Cochraneuse vari abl e called theasthédsurpl us
difference betweeper capita consumption in the economy andépeeernt at i ve i ndi vi du

externalhabit level, X, expressedsa fraction of per capita consumption:
Y — (67)

Thelog surplus consumption functidd is modelled asn AR(1) process with a speed
depending on pametem and a monotonically decreasing sensitivity funclio® hwhere
lower case letters are logs of the upper case variables:

sta = (1= 0)5 + 0sf + A(s]) (¢t — ¢f — g),

&

(68)

Substituting the surplus consumption ratio irite AR(1) process demonstrates tifnet
externalhabit, X, adjusts tdaC;, as well as to thkistory of average per capitargumption. The
externalhabit adjust slowly and geometrically tpastconsumption with coefficier¥. The log
transformation constrains the surplus consumpbdre nonnegative Theyimpose several

restrictions onthe parameterso producea constantisk-free rateanda predetermined habit level
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aroundthe stealy stateso aso make sure thexcesso-moveswith consumption, but is always
positive. Under their specification asdpproaches zero, changes iyo¥set the impact of
changes in (on the excess consumption ratio. The justification for this specification for a
learned habit, which intuitively should be slowly moving in response to past levels of
consumptiorof others is not provided. The implications of their parameter specificatioms
shown in the graphs below.

Figure 1. Figure 2
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Theythenprice bonds and stoskising classic Euler equatioaadchoose the free
parameters in the model to fit the moments of west data. Empgrical calibration shows their
model can fulfill its goals and generate a #ioear countercyclical risk premium and cyclical
equity volatility. When surplus consumption drapsiear zero during recessions, both eheity
risk premium and volatilitypf stock returns increasg an increasingace as shown in the
following figures from their article:

Figure B Figure ¥
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Also, asTable24 from Campbell and Cochma shows there are enough parameters that

their simulated data can fit the four momeuwitshe postwar dataquitewell, fitting the equity

ri sk premium and its Sharpe ratio al most
volatility and equitymarket volatility
Table24
MEANS AND STANDARD DEVIATIONS OF SIMULATED AND HISTORICAL DATA
Consumption Dividend Postwar Long
Statistic Claim Claim Sample Sample
E(Ac) 1.89%* 1.89 1.72
a(Ac) 1.22% 1.22 3.32
E(r)) 094% .094 2.92
E(r— rH/olr— 1) A43% .33 43 .22
E(R— R)N/6(R— R .50 .50
E(r — rh) 6.64 6.52 6.69 3.90
o(r— 1) 15.2 20.0 15.7 18.0
exp[E(p — d)] 18.3 18.7 24.7 21.1
G(p— d) .27 .29 .26 27

asset pricing, Campbell and Cochrane (1999) plays an important role in modeling the time

NoTE.—The model is simulated at a monthly frequency; statistics are calculated from artificial time-aver-

aged data at an annual frequency. All returns are annual percentages.
* Statistics that model parameters were chosen to replicate.

Source: Campbell and Cochrane (1999)

As one of the early papensodeling theeffect of habit formatiorutility functions on

varyingand countercyclical risk premium layhaving aslowly adjusting habit levednd highly

nonlinear utility response<£ffectively, by making relative risk aversion become very large as

excess consumption approaches zero, large variations in risk pregaaorhe explainedC-C

observegp. 244): iRisk aversion is about 80 at the steady stateses to values in theundreds

for low surplus consumption ratios and is still as high as 60 at the maximum surplus

per f

consumptio ratioo Their empirical results do not seem to depend upon time complementarity

per se. Inetrospect, this helps us see that the whole literature on excess volatility seems to have

implicitly focused on constant relative risk aversion. Of cowrp®tentialdrawbackis that

havingmany parameters and impossgmedelicate restrictiongivesconsiderabldlexibility to

overfit the data.Out of sample testing using the in sample parameter would be informative.
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Campbell and Cochrane (1999) have gywmportant and plausible predictidmat
relative risk aversion and risk premiums increaséequonlinearly as surplus consumption goes
towards zero, as in major recessions. To amplify on this important aspect of changes in risk
premiums we have examined data for real consumption growth antéttet and changes in the
unemployment rate over Igrtime horizons Westaredwi t h  S(B0l4)longterd s
database for stock pricescaoonsumption growth, and addedthis longterm data on the
unemployment rate from NBER and the St. Louis Federal Rebetegical database, FRED
The NBER has aonthly series of unemployment rates that goes back to April, 1929, and we
used monthly data on employmefitanges fronthe 1932 Supplement to tigurvey of Current
Businesgo estimate monthly unemployment rates from January of 1923 to April 1929. Given
this, our first data point for the ZBonth change in the unemployment rate is for January 1924,

so we have just over 90 years of monthly data to July 2014.

We invert -Sbariml esdbsesmbhoag of his fACyclicall
(CAPE)to get an earnings yield number (biased low), from which we subtralcntperm @0
yeah U.S. Treasury interest rate to get a lalaga series ofstimatedi r i s k p fordJiBi u ms 0
equities E/PT R¢. These are surely biased low, as earnings grav titme, so forward forecasts
will be higher than these backward looking earnings numbers. To test the stochastic properties
of this backward looking earnings yield with a forward one, we obtained monthly observations
of the 12monthforward S&P 500 earmigs estimatefom 1986 to August 2014dm Ed
Yardeni 6s we b saiforward laakidgeamiogs pieldtbased on tredries The
following graph shows that the Shillgrmpe backward looking, lonterm earnings yieldap is
hi ghl y ¢ or9b) dronaliog6 do 214 with the forward looking earnings yields: As
expected earnings yields based on next 12 months earnings estimates are persistently higher than
the 10year historic earnings divided by current price.e Bilas averages about 3% over the long
term.Furthermore, corporate investment at rates of return in excess of capital cost would result
in the forward looking earnings yield being a downward biased estimate of the expected rate of
return. However, this Bs should be greater in prosperous period with higher returns on real

investment than in recessionary period with lower returns on real investment.
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Figurel5

Risk Premium (E/P)-Rf with 12 Month Forward S&P 500

Earnings Estimates vs. Last 10 Years Earnings Yield Gap
Monthly 1/1986 to 7/2014
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Given this high correlation o10-year historical and-Year forwardh ield gagso, we feel itis

not unreasonable to look at a Shittgpe earnings yield gap time series as an estimate of what

the stochastic properties of the ti meskireer i es
rates were in past years. Given the cyclical bidsmwifard earnings yields as estimates of

expected returns, higher earnings yield spreads in recessionary periods is consistent with higher

risk premiuns in recessionary periods.

Our next figure shows the relationship of themi@nth changes in the estimdtequity
risk premium to 1Znonth changes in the unemployment rate. As the graphs shows, the series
are highly correlated. When the economy falls into recession and the unemployment rate jumps,
the estimated risk premium also tends to jump. We fingina strong and nonlinear relationship
of the estimated risk premium to the unemployment rate and to real consumption growth. This
helps us to understand why the Campkrithrane (1999) model is very helpful in modeling
movements in the real economy. Tdwerelation of the moves in estimated risk premium and
changes in the unemployment rate i0@¥er the entire 1922014 sample, and is B the
World War Il years of 1939947 are excluded, as unemployment fell sharply in WWII, while

risk and risk pemia increased, an abnormal economy.
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Figure B

Change in Unemployment Rate vs. Change in Risk Premium (E10/P) - Rf
12-month Changes, Monthly 1/1924-8/2014
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Figure 17, shows that changes in the unemployment rate explain ch@®fge®.27)in the

estimated risk premium, statistically significant relation (with ldeweyWestt-statistic 0f4.3))

Figure I7

Change in Risk Premium (E10/P) - Rf vs Change in
Unemployment Rate.
Monthly 1/1924-8/2014 (exclude WWII)

150
E=n

10.0 L
*
*
50 4 &t
* » Py
o . . * Al o
T ‘ T T T 1
-10.0 o 10.0 15.0
& ’ ’ L O
¢ *

Without WWII (1939/01-1947/12) period:
R=-0.20+0.39*dUnemployment Rate
Slope t (Newey West) = 4.3, CRSQ=0.27

E;
4

iN
(]
=]

79



The next figure shows that the picture is much the same if one uses real growth of
consumption of nondurables and services in modeling changes in the equity risk premium.
When real consumption growth is high and the economy is good, Carn@pbetl h r arples6 s s u
consumption increases and risk aversion likely drops, along with risk premiums. Note that as
monthly consumption data begins in January 1959, our first data pointneddth consumption

growth is for January 1960.

Figure B

Risk Premium (E10/P)-Rf vs. 12 Month Growth of Real NDS Consumption:

When Consumption Growth Slows or Recession, Risk Premium Increases
Monthly 1/1960 to 7/2014
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The next two graphshow that the picture is very similar if we look at forecasted forward
earnings yields, lessthe-y0e ar Treasury yield and compare th
real consumption growth and to changes in the unemployment rate. Once again, the
relationships are all strong and in the right direction. Thus, we believe thpaedisted by
Campbell and Cochrane model, it is quite plausible that relative risk aversion and risk premiums

are indeedignificantlycountercyclical.
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Figurel9

Risk Premium (E/P)-Rf with 12 Month Forward S&P 500 Earnings

vs. Last 12 Mos. Real NDS Consumption Growth
Monthly 1/1986 to 7/2014
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Figure D
Risk Premium (E/P)-Rf with 12 Month Forward S&P 500
Earnings Estimates vs. U.S. Unemployment Rate
Monthly 1/1986 to 7/2014
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In conclusion on thisegment, we believe that theternalhabit formation modednd the
forecasted large cyclical swings in relative risk aversion and risk prenmiarasnuch to offer to
finance researchers and practitioners that is quite importambeccally and statistically.
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X. Resurrecting the CCAPM: Conditional Consumption Risks Ultimate Risk:
Lettau-Ludvigson (2001), ParkerJulliard (2005) and JagannathanWang (2007)

In a pair of innovative, impactful articles, Lettau and Ludvigson (200baijt)an
econometric model where consumption, wealth and labor income are cointegrated, and
consumptiondés deviations from the shared tren
on the market portfolio. This ties in very nicely with the cordimtime intertemporal portfolio
theory of Merton (1971, 1973) and Breeden (1979, 1984). It also is consistent with prior
anal yses of consumption responses to shocks t
(1984) theoretical analysis (Sectian] eq. 15 i n this article), opt
to the state variables that describe the investment and income opportunity set are proportional
and opposite to the compensating variations in wealth for changes in those state varitdides. |If
opportunity set improves, compensating variations in wealth are negative and we expect most
individuals to respond positively with increased consumer spending. In contrast, if the
opportunity set is believed to deteriorate, individuals optimally redoasumption spending

today to smooth their forward looking lifetime consumption paths.

Going backwards from consumptionds moves,
wealth and income indicates a good investment and income opportunity set, vahereas
consumption/wealth ratio is indicative of views of a poor investment and income opportunity set
(perhaps a poor job market?). Lettau and Ludvigson (2001a) estimate the cointegrating
relationship among consumption, wealth and income, and use padstiiaions of consumption
from the shared trend as a predictor of better than normal investment returns and negative
deviations as predictors of poor future retdtissing a dynamic least squares technique that
accounts for both leading and lagging rielaships among the cointegrated variables, they
generated the following point estimates for the parameters of shared consumption, labor income

and wealth (with small letters indicating natural logarithms of real nondurables and services

® Do note that it is entirely possible both in theory and in practice that movements in volatility could be offsetting to
the impact of movements in mean returns, and cause the relation to not be as sought by Lettau and Lifidvigson.

for example, volatility dropped sharply at the same time that mean returns dropped modestly, the Sharpe ratio (slope
of the capital market line) could actually improve, indicating a better investment opportunity set and causing optimal
consumption toricrease. Similarly, the mean return on the market could increase modestly at a time that volatility
increased sharply, and optimal consumption would decline. These results were actually found by Breeden (1989) in
an unpublished working paper presentetha French Finance Association, wherein high consumption growth was
shown to be more a reflection of low future investment risk than it was a reflection of high future investment returns.
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consumption, assetealth and labor income per capita, respectively), using data from 1952Q4 to
1998Q3:

g TP WM TB &
X8@ pAKT G @C (69
The residual t er mcaywhme dgtbeiffesence bteveenloge as A
consumption and its conditional expectation based of household net worth and labor income.
From Lettau and Ludvigsonds webs bstadtisldatagi ven a
revisions by the government in 2003, and some changes to their structural model, their current

estimated log consumption trend deviation, using data from 1952Q1 to 2013Q3 is of the form:
cay =¢1 0.87-0.12a-0.78 ¢ (70)

The change in coefficients from 1998 to 2013 indicates that, in describing consumption moves,
labor income has become relatively more important than wealth, whiobasured as
A Ho us edto | \Waoepitrtddgquarterly by the Federal Reseramdincludes real estate and

bond valus, as well as stocks

Lettau and Ludvigsondéds (2001a) -i99&ard t s dur
guite strong, fstandatedevigtoninbtrease inftay leads to a 220 basis points
rise in the expected real retuin the next quartgron the S&P Index and about the same rise in
the excess return, roughly a nine pestatisicnt 1| nc
correctedor generalized autocorrelation, is above @Bichis statistically significant. Longer
horizon forecasts are also impressive. As the following excerpt from their Table VI shows, the
cayvariable has significant explanatory power at all intervals ftaynarter to 6 years, with

robust fstatistics of 3.0 or more:
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Table 25

Long-horizon Regressions
The table reports results from long-horizon regressions of excess returns on lagged variables. H
denotes the return horizon in quarters. The dependent variable in Panel A is H-period con-

sumption growth Ac¢,,; + ... + Ac,, . In Panel B, the dependent variable is the sum of H log
excess returns on the S&P Composite Index, r,.; — rg,00 + ... + revyr — T'peo - The regressors
are one-period lagged values of the deviations from trend c¢ay, = ¢, — B,a, — B,Y., the log

dividend yield d, — p,, the dividend earnings ratio d, — e¢,, the detrended short-term interest
rate RREL,, and combinations thereof. For each regression, the table reports OLS estimates of
the regressors, Newey—West corrected ¢-statistics in parentheses, and adjusted R? statistics in
square brackets. Significant coefficients at the five percent level are highlighted in bold. The
sample period is fourth quarter of 1952 to third quarter 1998.

Forecast Horizon H

Row Regressors 1 2 3 4 8 12 16 24

Panel A: Consumption Growth

1 cay, 0.11 0.62 1.23 1.98 2.29 0.33 —1.17 0.21

(0.33) (0.87) (1.09) (1.33) (1.13) (0.14) (—0.41) (0.05)

[0.00] [0.01] [0.02] [0.03] [0.02] [0.01] [0.00] [0.01]

Panel B: Excess Stock Returns

2 &ay, 2.16 3.80 5.43 6.72 8.35 8.57 7.86 12.44
(3.44) (3.34) (3.37) (3.70) (3.73) (3.24) (2.99) (3.41)
[0.09] [0.12] [0.16] [0.18] [0.16] [0.15] [0.11] [0.16]
3 dy — pe 0.03 0.06 0.10 0.13 0.24 0.27 0.30 0.76
(1.40) (1.23) (1.16) (1.22) (1.18) (1.27) (1.36) (3.12)
[0.01] [0.02] [0.03] [0.04] [0.06] [0.07] [0.07] [0.25]

Source: Lettau and Ludvigson (2001a), Table VI.

During this period, dividend yield (in log terms, log D minus log P) was less statistically
significant as a forecaster of fue real stock returns than in prior studies, but still had strong
significance forecasting 6 years out returns.
power for future stock returns foothshorter time horizons {4 years)and the longer horan,

6 years. Panel A shows tlainsumption deviations were not successful in forecasting future

real consumption growthvhichisc onsi st ent with Hall s (1978) p
statistics with data from 1998 to 2013 from the website datattdu and Ludvigson, we find

that a 1 standard deviation move in their cay variable is associated with a move that is about 65

bp less per quarter than in the original study, perhaps 155 bp/quarter, givingpagill

increment of returns of about 68%% annualized, rather than the original finding of 9.0%.

I n the companion article by Lettau and Lud
(C)CAPM: A CrossSectional Test When Risk Premia Are Tiiea r yi ng, 0 t hey wuse
consumption trend deviatn,cay, as a fAscalingo variable for me
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returns of assets. Lettau and Ludvigson first illustrate the poor results ofiasimgditional
beta estimates in crosgctional fits of mean returns with marketsed CAPM betas (fige a)
and with Consumption CAPM betas (fig. c) for the 25 F&ivench portfolios sorted by size
and book/market. They show the much better fit of mean returns from theRfanwh (1992)
3-factor statistical model (fig b), for which the underlying riaktors are unknown. Finally,
using theircayvariable for conditioning, they find that theionditional version of the

Consumption CAPM fits nearly as well as the Farr@ench, 3 factor statistical model (fig. d):

Figure 2
Conditional Consumption CAPM Fits Nearly As Well As FamaFrench 3-Factor Model
a b
el w
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FIG.1.0 Realized vs. fitted returns: 25 FatReench portfoliosa, CAPM; b, FamaFrench;c, consumption
CAPM; d, consumption CAPM scaled. The figure shows the pricing errors for each of the 253-Famta
portfolios for the four models. Each tveigit number represents one portfolio. The first digit refers to ook
market quintiles (1 indicating the portfolio with the lowest béoknarket ratio, 5 with the highest). The pricing
errors are generated ngithe FamaMacBeth regressions. The scaling variable &

Source: Lettau and Ludvigson (2001b), Figure 1.
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Lettau and Ludvigson (2001b, p. 124Dte that:i | nt ui t i vel y, conditi o
fit of the CCAPM because some stocks are morbklyigorrelated with consumption growth in
bad times, when risk or risk aversion is high, than they are in good times, when risk or risk
aversion is low. This conditionality on risk premia is missed by unconditional models because
they assume thatthoserk pr emi a ar e ¢ o Hogitifcorsistanwghr t i me . O
Campbell and Cochrane (200@ho arguedhat conditional models will perform far better than

unconditional modelbased on the presence of an extehnadit.

To seethe changesincondi onal consumption betas betwee
stats , 0 Lett au an dhe goodisiatesgps thase wiherencaytwas 1 standard deviation
above the unconditional mean, and bad statésose whereay was 1 standard deviation below
that mea. The estimated conditional consumption betas for the 25-Faeneh size and

book/market sorted portfolios arethme following &ble

Table B
Conditional Betas in the Consumption CAPM
Change in Betj
P ortfolio All States || Good States*Bad States*fBad-Good
S1B1 Growth 6.4 7.3 57 -1.6
S1iB2 6.3 58 6.6 0.8
S1B3 Small 51 4.4 5.6 1.1
SsSB4 55 4.4 6.2 1.8
S1B5 Value 5.8 3.4 7.4 4.0
S2B1 Growth 4.4 7.7 2.1 -5.6
s2B2 3.6 3.6 3.6 0.0
S2B3 3.9 4.1 3.8 -0.4
S2B4 3.5 2.1 4.5 2.4
S2B5 Value 4.8 3.1 6.0 3.0
S3B1 Growth 2.7 7.4 -0.5 -7.8
S3B2 2.8 3.5 2.3 -1.2
S3B3 2.9 2.0 3.5 1.6
S3B4 2.6 2.6 2.6 0.0
S3B5 Value 3.7 2.7 4.4 1.7
S4B1 Growth 2.0 6.2 -0.9 -7.1
sS4a4B2 2.6 4.8 1.2 -3.6
S4B3 1.9 3.0 1.2 -1.8
S4a4B4 2.5 2.4 2.6 0.2
S4B5 Value 3.8 3.1 4.3 1.2
S5B1 Growth 1.6 6.1 -1.4 -7.5
sS5B2 1.2 2.0 0.6 -1.5
S5B3 Large 2.3 4.1 1.2 -2.9
S5B4 1.2 3.4 -0.3 -3.7
S5B5 Value 3.1 3.3 2.9 -0.5

*Good states are states wittay more than 1 standard deviation above the rr
*Bad states are states withay more than 1 standard deviation above the m
Source: Lettau and Ludvigson (2001b)
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Note the differences in the systematic changes in consumption betas between good and
bad states and hatlvey are related to whether the stocks are growth stocks (B1/B2) or value
stocks (B4/B5).Consumption betas of value stocks increadgshtimeswhich is when risks
are highest, so their equilibrium returns on average need to be higher, as the slatavhabey
are. Thus, Lettau and Ludvigson are able to
changes in consumption betds.contrast, betas for growth stocks seem to fall in bad times,
giving them lower consumption risk theks previously dscussed this pattern of conditional
consumption beta indicated that the growth stomitfolio has an unconditionabnvex relation
to consumption growth and conversely, the value stock portfolio has an unconditional concave
relation to consumption growtiJnder decreasing absolute risk avergtoere isa preference
for positive skewness and the unconditional risk premium for the growth stock portfolio, would

ceteris paribus, be less than that for the value stock portfolio.

The Campbell and Cochrane (B99nodel ofexternalhabit formation (and conditionally
changing and nonlinear risks aredativerisk aversion),and the Lettau and Ludvigson (2001a, b)
articles weramportant in reestablishingpe Consumption CAPMnd consumptiofased asset
pricing asa leading model of asset pricin@goth demonstrated that we need more advanced
econometric techniques to properly model changing consumption risks and changing risk

aversion and risk premiums through time and economic scenarios.

In animportant articlelR ar ker and Julliard (2005) develo
consumption risk, o0 which captures the | onger
They argue thal € most importantly, the ultimatésk may be a better measure of theerisk
of anasset if consumption is slow to adjust to returns. If consumption respondslagtio a
changes in wealth, then the contemporaneous covariance of consumption and wealth understates
or mismeasurethe true risk of a portfolio. Ultimate consumptiask, on the other hand, can
provide the correct measure of rishderseveral extant explanations of slow consumption
adjustment, such as some models offagasuremergrrorin consumption (b) costs of
adjusting consumptigr{c) nonseparability of marginatility of consumption from factors such
as labor supply or housing stock, which themselves are constrained to adjustaigd)ly

constraints on information flow or calculation so that household behadoeasrational®
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Their main finding is thatiltimate consumption risk can largely explain the cross
sectional pattern of expected portfolio returlighile the covariance of each portfolio and
contemporaneousonsumption growth explains little of the variation in expectéatme across
portfolios,at a horizon of three years the ultimate risk to consumption explains 44 to 73 percent
of the variation irexpected returns across portfolios, depending on the specification. The
performarce of ultimate consumption rigsk/als that of the Fama and Frend®®) threefactor
model and the Lettau and Ludvigson (2001b) tHeetor model, two important linear factor

models that have been used ta@erihe expected returns in thenkaFrench portfolios.

Parker and Julliard propos#imate consumptionisk to explain the crossectional
heterogeneity of the 25 Fark@ench portfoliosBy ultimate consumption, they mean that
increasing the consumption growth horizon to longer $&xan increase crossectional
explanatory power of the canonical CCAPM model, #redoptimal point is ddeved at 3 years
with a 4473% Rsquare, depending on the specificatid?arker and Julliard estines ofthe
relationship of the crossection of returns to consumption riskasared over different horizons

arein the following table:

Table Z
GMM with prespecified weighting matrix
Risk Aversion Risk Aversion
Horizon S| R? (%) U - Dist Horizon S R? V] - Dist
(Quarters) (1) (2) (3) (4) (Quarters) (1) (2) (3) (4)

o* 4 0.029 19.9 0.37 7 10 0.019 11 0.36
(0.006)  (33.3) [0.000] (0.008)  (14.3) [0.000]

0 3 0.023 19 0.37 8 20 0.018 15.1 0.34
(0.005)  (41.8) [0.000] (0.006)  (13.8) [0.000]

1 2 0.023 10.7 0.37 9 30 0.018 17.9 0.31
(0.007)  (27.5) [0.000] (0.005)  (12.5) [0.000]

2 5 0.02 14.6 0.37 10 33 0.017 18.6 0.31
(0.009) (24.8) [0.000] (0.005) (13.7) [0.000]

3 10 0.018 17.9 0.36 11 44 0.015 25.4 0.28
(0.009)  (23.5) [0.000] (0.006)  (16.4) [0.000]

4 4 0.021 9.1 0.37 12 32 0.016 25 0.31
(0.008)  (17.2) [0.000] (0.005)  (16.5) [0.000]

5 7 0.019 11.7 0.36 13 35 0.012 38.5 0.3
(0.008) (16.3) [0.000] (0.006) (14.0) [0.000]

6 9 0.018 12.6 0.36 14 30 0.014 34.6 0.31
(0.008)  (15.3) [0.000] (0.005)  (24.6) [0.000]

15 24 0.016 39.4 0.33
(0.008)  (24.4) [0.000]

Source: Parker and Julliard (2005), TahleStandard errors in parentheses, and Hadagannathan
distance pvalues are in brackets.
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where 9 is the estimate of relative risk
seen that Rgrows from near zero for contemporaneous consumption risk to 44 percent when
consumption risk is measured tymulativereal nondurables consutign growthoverthe next

11 quarters, almost 3 yearsote that while ultimate consumption risk helps explain the €ross

section of returns, the relative risk aversion estinsdg@ite high at approximately 25.

Parker and Julliard compare tampiricalperformancef four models: (1) CCAPM with
only contemporaneous consumption risk, (2) the Femneach 3factor model, (3) Lettau and
Ludvigsondéds conditional test of the CCAPM
conditioning variable, and (4)timate consumption risk over 11 quarters. The results are quite

apparent in the graphs below:

Figure 2
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Source: Parker and Julliard (2005).
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What drives the excellent results for ParBen | | i ar ddés ul ti mate cons.t
is the fact thatite excess returns of the Faf@nch portfolios predict future consumption
growt h. As they say, fié both the excess ret
return of highvalue stocks less lowalue stocks predict consumption growthe jont
predicting poweof SMB and HML peaks at 3 yeassHowever,using the GMM estimator, the
ultimate consumption model with 26 moments and only 3 parameters is still rejected by the over
identification testsofurtheranalysiss required While their dservations concerning longer
term consumption effects are intuitive, the specification based on declining weights over time
would be more intuitive than equal weighting over a fixed horiZeigure 24, frorm_iew and
Vassalou (200Q)xhows the differenda return to factor portfolios in the year prior to above
average versus below aver age GDRvegmeat$2018,. ( Se
Fig. 13.1)). Both small minus big and high minus low portfolios are typically higher prior to
improving GCP growth

Figure 3
Size and Book/Market Effects Lead Economic Growth.
Do They Reflect Consumption Risk? Does the Multiperiod CCAPM Explain?
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Source: Liew and Vassalou (2000).
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In 2007,Jagannathan and WatgW) alsoprovidel strong empirical support for
consumption based asset pricingeylpropose #heory ofconsumers who use discretion in
periodically reviewing consuption and investment decisions, as oppos&dndinuously
optimizing their consumption and investment ruldsey argue that consumers are more likely to
review their decision making at tax year ends (in fhguarter) and during economic
contractions.They demonstrate thdtis helpsexplain the unsatisfactory previous testing results
of theCCAPM. They compute the excess returns and consumption betas foarskazl and
book/market ranked (5x5 = 25) portfolios to be a$able28:

Table 28

Annual Excess Returns and Consumption Betas
Panel A reports average annual excess returns on the 25 Fama—French portfolios from 1954 to
2003. Annual excess return is calculated from January to December in real terms. All returns are
annual percentages. Panel B reports these portfolios’ consumption betas estimated by the time-
series regression:

Ri; =a; + BicAct + &4,

where R; ; is the excess return over the risk-free rate, and Ac; is Q4-Q4 consumption growth calcu-
lated using fourth quarter consumption data. Panel C reports ¢z-values associated with consumption
betas.

Low Book-to-market High

Panel A: Average Annual Excess Returns (%)

Small 6.19 12.47 12.24 15.75 17.19
5.99 9.76 12.62 13.65 15.07
Size 6.93 10.14 10.43 13.23 13.94
7.65 7.91 11.18 12.00 12.35
Big 7.08 7.19 8.52 8.75 9.50

Panel B: Consumption Betas

Small 3.46 5.51 4.26 4.75 5.94
2.89 3.03 4.79 4.33 521
Size 2.88 4.10 4.35 4.79 5.71
2.57 3.35 3.90 4.77 5.63
Big 3.39 2.34 2.83 4.07 441

Panel C: t-values

Small 0.93 1.71 1.59 1.83 2.08
0.98 1.27 2.02 1.83 2.10
Size 1.15 1.93 2.17 2.07 2.39
1.14 1.75 1.90 2.26 2.39
Big 1.71 1.32 1.67 2.15 2.00

Souce: Jagannathan and Wang (2007).
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A simple scatter plot of returns versus consumption betas for the 25fFamzh

portfolios sorted on size and value shows a strong relationship:

Figure 2
Fama-French 25 portfolios: 1954-2003
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Figure 1. Annual excess returns and consumption betas. This figure plots the average
annual excess returns on the 25 Fama—French portfolios and their consumption betas. Each two-
digit number represents one portfolio. The first digit refers to the size quintile (1 smallest, 5 largest),
and the second digit refers to the book-to-market quintile (1 lowest, 5 highest).

Source: Jagannathan and Wang (2007) , Figure 1.

Jagannathaand Wang show that the differencing interval and data series matters for
relations of crossectional consumption betas to average returns. They find-thetrter
percentage changes in real consumption growth@@yand returns are most significant, as

their model of normal decision making and planning would suggest, as shown in Table 29:
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Table 29

CCAPM with Different Frequency Data

We use different frequency returns and consumption data to test the CCAPM. Panel A describes
how consumption growth is calculated. For example, with monthly consumption data, annual con-
sumption growth is measured using December consumption of one year and December consumption
of the following year. Panel B reports cross-sectional regression estimation results for the CCAPM:

E[R; ;] = Ao + 21 Bic-

Test portfolio returns are annualized excess returns on the 25 Fama—French (1993) portfolios from
1960 to 2003. (Monthly consumption data are available from 1959.)

Panel A: Consumption Growth

Monthly Quarterly Annual
Consumption Data Consumption Data Consumption Data
Monthly growth Month-Month
Quarterly growth Dec—Mar, Mar—Jun Quarter-Quarter
Jun—Sep, Sep—Dec
Annual growth Dec-Dec Q4-Q4 Annual-Annual

Panel B: Cross-Sectional Regression Results

Monthly Quarterly Annual
Consumption Data Consumption Data Consumption Data

o M R2 0 M R? *0 A R2
Monthly return 7.70 0.02 0.00
t-value 2.61 0.17 —0.04
Quarterly return 834 0.03 0.00 4.52 0.33 0.22
t-value 2.80 0.15 —0.04 1.83 1.59 0.18
Annual return —1.83 2.01 0.41 —-1.19 2.68 0.69 10.12 1.32 0.21
t-value —-0.51 2.33 0.38 —-0.37 3.49 0.68 3.70 1.61 0.18

Source: Jagannathan and Wang (2007). Table VII.
JW model conditional consumption betas by using NBER business cycle dates for a

dummy variable for rigressions. Table 30 shows that this is important in modeling risks, as

consumption betas increase during contractions, relative to expansions:
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Table 30

Consumption Beta in Contractions and Expansions

This table reports cross-sectional regression results of the CCAPM during different subperiods.
First, we estimate the contraction consumption beta and the expansion consumption beta by the
time-series regression

E, [Ri,t‘.'4] = ai,contft + ai,expll — )+ ﬁx’,contAct+4I! + ﬁi,eprct+4(1 — 1),

where I; = 1 if the economy is contracting according to the NBER Business Cycle Dating, otherwise
I; = 0; B cont 1s the contraction consumption beta and §; oxp is the expansion consumption beta. Then
we run the cross-sectional regression

E[R; ;4] = 2o + X' B;.

R; ;14 are annual excess returns of the 25 Fama—French portfolios from quarter ¢ to quarter ¢ + 4
for all quarters from 1954 to 2003. The total number of observations is 200, including 43 quarters
of contractions and 157 quarters of expansions. Within the 43 recession quarters, there are 11 Q1s,
9 Q2s, 11 Q3s, and 12 Q4s.

Intercept Contraction Expansion R2(adj R2)
Estimate 0.86 0.98 0.23 0.65
t-value 0.50 6.11 0.67 0.62
Estimate 0.84 1.06 0.65
t-value 0.50 7.51 0.62
Estimate 6.10 1.40 0.33
t-value 4.71 4.78 0.26

Source: Jagannathan and Wang (2007), Table XI.

Another way to see the changing conditiomsisin comparisons of betas for value and
growth stocks is from thBetkova and Zhang (2005) graph:

Figure 5
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Source: Petkova and Zhang (2005), printed in Bodie, Kane and Mardy,(E@ure 13.2.
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In their testing resultslagannathan and Wang (200ind thatthe CCAPM performs as

well as, if not better than, the FarReench three factor model in explaining crssstional

return differences among the 25-Fportfolios sorted byize and book/market, using the year

overyear fourth quarter consumption growth rate. In addition, the contraction beta is tested to be

more significant tha expansion beta. Bofindings supporttheir hypothesis. Results are in the

following graphs:

Figure B
Consumption CAPM CAPM FF Three-Factor Model
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Source: Jagannathan and Wang (2007).

The Jagannathawang discretionary consumption decision model masivaied by
several important prior empirical tesincluding conditioning, longun risk and ultimate
consumption, as all of these modelsetanto consideration the large errors in estimating short
term consumption data and the discretionary psychology involved in consumption decision
making. As they point out, discretion is perhaps less consistenCattktantinides (1990) and
CampbeHlCoclrane (1999) habit formatiamodels as consumption igkely less dependent on
thehistorical levesif more discretion is taken to revietve decision.They reconcile the two
effects and show that the habit formation effect is dominated by the classiorgation beta in
asset pricingvhen theime betweertonsumption decisi@increases. However, this analysis is

based on the assumption of simultaneous and infrequent decision making of all consumers,
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which is exogenous to the model and requires scrififinen a high implied risk aversion

parameter isound,they attribute it to théack of realismof the assumption that consumers
simultaneously make choig@nly once a year. Overall, the JagannatVamg paper added to

the string of significant papers tifaund consumptiofbased asset pricingased on alternative
specifications of individual so6 explantcmassmpti on an
sectional returns and the Faifeench size and book/market anomalielewever, the different
specificdions lead to different economic understandings of the causal behavior generating the

observed returns.

XI. Long-Run Risks. BansalYaron (2004)

In another major second generation consumpbased asset pricing model, 25+ years
after the original Gnsumpton CAPM derivations Bansal and Yaro(BY, 2004)developed a
model of @Al ong r un r.i Thikhasbeen aninfleeotialwersiompt i on gr ow
consumptiorbased asset pricing for the past decade, spawning a substantial amount of additional
research Their key innovations are: (1) tnodelexpectecconsumptiorand dividend growth
rates as containing a smalersistentong-run predictable componerand(2) to model
changing volatility of consumption growth rateshey use EpsteiandZiné €999 forward

looking preferenceswhich are recursive and exhiliine complementarity foronsumgion.

With regard to the modeling of a small, persistent {ongfluctuation in consumption
growth ratesBansal and Yaronote that Shephard and Harvey (@PShow thain finite
samples, it is very difficulto distinguish between a puralyd. process and ortbat
incorporates a small persistent component. While it i toadistinguish econometrically
between the two alternative processes, the assatgpimplications across them are very
different. Bansal and Yaronbserve thatfi | f , i nde ecdnsumptierhes a reotrivial t
impact on longterm expected growth rates or economic uncertaingy asset prices will be
fairly sensitive to small@wth rate and consumption volatility newes. For these channels to
have a significant quantitative impact on the risk premium and volatility of asset prices, the
persistence in expected growth rate has to be quite @igey s e  tTloey showStHat. thiy
combination of assumptiorisr consumption and dividend growth rates, which incorporate the
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fluctuatingpersistent componerdreconsistentvith the historicdataand helpghem explain

severab f t h e Ipuziling aspdcta of asgatce leves and fluctuations.

The EpsteirZin preferencesssunptiondrives a wedge betweethe elasticity of
intertemporal substitutiof(EIS) andrelativerisk aversiofRRA), whichallows separate
modeling of eachFlexibility in fitting EIS to a high level (E8=1.5) allows them to match the

low level of real shorterm interest rates. Flexibility in fitting RRA to a relatively high level

(RRA=10) allows them to fit the relatively large risk premium on equities. Their modeling of

changingconditional volatiliyy of thegrowth rateof consumptioracross timellows them to

modeltime-varyingrisk andrisk premia. As shown by Bansal, Khatchatrian and Yaron (2002)

and confirmed in this paper, there is a significant negative correlation betweedipidesnd

ratios andconsumption volatility. When consumption volatility is high, stock prices are low in

relation to dividendsTheynotethatfiabout half of the volatility ofhe price-dividend ratios in
the model can battributedto variation in expected growth est, and the remaining can be

attributed tovariationin economiauncertaintyd

Some of the specifics of aBfallovssaDefinmghd Yar ono

consumption growtlasg;, dividend growthasgq,, and leting x; be the small, predictable

component of consumption growthgey specify that (eq. 4, p. 1485)

Xtt1 = PXt + QeO €41
Et+1 =+ X + 041
Bd,t+1 = Uag + PXy + pao Uz (72)
€11, Us 1, Nev1 ~ IN.L.2.d (0, 1),

with the three shocks, e;, 1, #;41, and 7, being mutually independent.® Two ad-
ditional parameters, ¢ > 1 and ¢z > 1, allow us to calibrate the overall volatility
of dividends (which in the data are significantly larger than that of consump-
tion) and its correlation with consumption. The parameter ¢, as in Abel (1999),
can be interpreted as the leverage ratio on expected consumption growth.®

The following table shows the fit of Bansal

historic real consumption growth:
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Table 31
Annualized Time-Averaged Growth Rates

The model parameters are based on the process given in equation (4). The parameters are
n=pug =0.0015, p = 0.979,0 = 0.0078, ¢ = 3, g, = 0.044, and ¢y = 4.5. The statistics for the data
are based on annual observations from 1929 to 1998. Consumption is real nondurables and ser-
vices (BEA); dividends are from the CRSP value-weighted return. The expression AC(j) is the jt
autocorrelation, VR(j ) is the j* variance ratio, and corr denotes the correlation. Standard errors
are Newey and West (1987) corrected using 10 lags. The statistics for the model are based on 1,000
simulations each with 840 monthly observations that are time-aggregated to an annual frequency.
The mean displays the mean across the simulations. The 95% and 5% columns display the esti-
mated percentiles of the simulated distribution. The p-val column denotes the number of times in
the simulation the parameter of interest was larger than the corresponding estimate in the data.
The Pop column refers to population value.

Data Model

Variable Estimate SE Mean 95% 5% p-Val Pop

o(g) 2.93 (0.69) 2.72 3.80 2.01 0.37 2.88
ACQ) 0.49 (0.14) 0.48 0.65 0.21 0.53 0.53
AC(2) 0.15 (0.22) 0.23 0.50 -0.17 0.70 0.27
AC(5) —0.08 (0.10) 0.13 0.46 -0.13 0.93 0.09
AC(10) 0.05 (0.09) 0.01 0.32 —-0.24 0.80 0.01
VR(2) 1.61 (0.34) 1.47 1.69 1.22 0.17 1.53
VR(5) 2.01 (1.23) 2.26 3.78 0.79 0.63 2.36
VR(10) 1.57 (2.07) 3.00 6.51 0.76 0.77 2.96
o(gq) 11.49 (1.98) 10.96 15.47 7.79 0.43 11.27
AC(1) 0.21 (0.13) 0.33 0.57 0.09 0.53 0.39
corr(g,84) 0.55 (0.34) 0.31 0.60 -0.03 0.07 0.35

Source: Bansal and Yaron (2004)blial.

From the tablegomparing the historic statistics with the means from simulations of the
LLR model, we see that the fit of consumption volatility and autocorrelation is quite good, on
average. The variance ratio statistics for both the data amddtel are all above 1.0 for the
data shown (up to 10 years), which is consistent with positive autocorrelation in consumption
growth and persistent shocks, as the ratio would be 1.0 and variance would grow proportionally
through time, absent those effectHowever, note that the -{@ar variance ratio in the historic
data is less than they®ar variance ratio (as in Cochrane (1988)), whereas-théoBg run risk
model has the variance ratio continuing to increase from 5 to 10 years out. Perhaps at som
point, mean reversion of real consumption growth sets in (which seems quite plausible) and
offsets the effects of the persistent shocksis Iomg-run risk model would likely miss #t

effect.
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Bansal

and

Y a r o n-¢ag/ingwariened ofadl consuniptior grawth imees

botha purely randoncomponent and a mean reverting compon&rit, t ; klesaibing the speed

of mean reversion:

2
Oip1 =

=02+ v1(0? — 0?) + opwii1

(72)

€41, Us+1, N1, W1 ~ N .1.i.d (0, 1),

Therisk premiumcomes as a compensation for three consumption risks:-rsimptong

run andvolatility risk. Timevariation in the risk premium is governed by the conditional

variance of consumption growth (i.e., it is high whamrent volatility is high). With fluctuating

economic uncertainty, as well as the persistent growth shbakle32 shows that Bansal and

Yaronods |

ong

run

ri sk

mo d el

can

returns whertonstantelative risk aversion is between 7.5 and 10:

using 10 lags.

Table 2

Asset Pricing Implications—Case 11

The entries are model population values of asset prices. The model incorporates fluctuating eco-
nomic uncertainty (i.e., Case II) using the process in equation (8). In addition to the param-
eter values given in Panel A of Table II (6 = 0.998, u = g = 0.0015, p = 0.979,06 = 0.0078, ¢ =
3, ¢e = 0.044, and ¢4 = 4.5), the parameters of the stochastic volatility process are v; = 0.987
and oy, = 0.23 x 1075, The predictable variation of realized volatility is 5.5%. The expressions
E(R,, — Ey) and E(Ry) are, respectively, the annualized equity premium and mean risk-free rate.
The expressions o(Rn), o(Ry), and o(p — d) are the annualized volatilities of the market return,
risk-free rate, and the log price-dividend, respectively. The expressions AC1 and AC2 denote, respec-
tively, the first and second autocorrelation. Standard errors are Newey and West (1987) corrected

Data Model
Variable Estimate SE y="15 y =10
Returns
E(rm —ry) 6.33 (2.15) 4.01 6.84
E(ry) 0.86 (0.42) 1.44 0.93
a(rm) 19.42 (3.07) 17.81 18.65
al(ry) 0.97 (0.28) 0.44 0.57
Price Dividend
E(exp(p — d)) 26.56 (2.53) 25.02 19.98
ap—d) 0.29 (0.04) 0.18 0.21
ACl(p —d) 0.81 (0.09) 0.80 0.82
AC2(p — d) 0.64 (0.15) 0.65 0.67
Source: Bansal and Yaron (2004), Table 4.
Anothe nice feature of Bansal and Yaronos

predictability of returns, growth rates and price/dividend ratios, as shown in the next table:
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Table 3

Predictability of Returns, Growth Rates,
and Price-Dividend Ratios

This table provides evidence on predictability of future excess returns and growth rates by price—
dividend ratios, and the predictability of price-dividend ratios by consumption volatility. The
entries in Panel A correspond to regressing r/ , +7/ 5 -+ ri =a()+ B(j)log (P:/Dy) + veyj,
where r/ , is the excess return, and j denotes the forecast horizon in years. The entries in
Panel B correspond to regressing g7, , +&8¢, 5 -+ - &8¢y, = @)+ B() log (P;/D¢) + vs4j, and g% is
annualized consumption growth. The entries in Panel C correspond to log(P; /D4 ;) = a(j)+
B(j)lega | + ve4j, where |€ga ;] is the volatility of consumption defined as the absolute value of the
residual from regressing gff = Z?zl Ajg¢ ; +¢€ga,. The model is based on the process in equation
(8), with parameter configuration given in Table IV and ¥ = 10. The entries for the model are based
on 1,000 simulations each with 840 monthly observations that are time-aggregated to an annual
frequency. Standard errors are Newey and West (1987) corrected using 10 lags.

Panel A: Excess Returns Panel B: Growth Rates Panel C: Volatility
Variable Data SE Model Data SE Model Data SE Model
B(1) —0.08 (0.07) —0.18 0.04 (0.03) 0.06 —8.78  (3.58) —-3.74
B(3) —-0.37 (0.16) —0.47 0.03 (0.05) 0.12 —-8.32 (2.81) —2.54
B(5) -0.66 (0.21) —0.66 0.02 (0.04) 0.15 —8.65 (2.67) —1.56
R2(1) 0.02 (0.04) 0.05 0.13 (0.09) 0.10 0.12 (0.05) 0.14
R2(3) 0.19 (0.13) 0.10 0.02 (0.05) 0.12 0.11 (0.04) 0.08
R2%(5) 0.37 (0.15) 0.16 0.01 (0.02) 0.11 0.12 (0.04) 0.05

Source: Bansal and Yaron (2005), Table VI.

Bansal and YaronbservethatfiThe model can justify the equity premium, the 1iisde
rate, thevolatility of themarket return and the pricividend ratio. As in the data, dividend
yields predict returns and the volatility of returns is tivaeyingd Three critical observations
are: (1) the number of tuning parametésso large thathey have considerable flidxity to
overfit thedata, (2ther model requires constarglative risk aversionearl0 to duplicate the
data, which is relatively higland (3)EIS needs to be large (1.5) to replicate the negative
correlation between consumption volatility and prateéidend ratio present in the datahich is
well above the EIS indicated dissingJ or gens e n 6 s . Ndhé&helgsghe faetgae ar c h
they are able tprovide results that provide an economic rationaléhferequity premium puzzle
and duplicate a 6% risk premiumhile having a low risk free rate anelasonableolatility, is
quite impressive. Tbe able to gethese resultswith simply a small persistent growth teramd
with time-varying volatilityis surprising. Subsequent sections each have articles on the Bansal
Yaron (2004) longun risk model, as it continues to be one of the most impactful articles in

consumptiorbased asseriging in the past decade.
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XII. Cash Flow Betas: Consumption Risk vs. Market Risk

In theiroriginal derivation of the Consumption CAPM, Breeden and LitzenbdRjer
1978)realized that measuring consumption betas from cash flows such as dividendgyr prof

rather than from stock market prices and returos|d be useful in practicas they noted

it he correct beta t@adbhesteeaddimscfoiumdi ma@gtteh

volatility with respect to aggregate consumption, not witpeesto the market portfolio.
For capital budgeting, these betas may
cash flows of many projects may be more closely related to GNP or aggregate

consumption than to t heBLIL¥8 p.646)0of t he mar ke

Breeden (1989b) present@d.S regression resultiat confirmed this intuitioty
estimating (unconditional) cash flow betasing National Income and Product Accounts (NIPA)
annual data for real growth of profits, dividends and clstsfversus real market returns and

real consumption growth, (separately for total and nondurables and services consumption):

Table 31
Estimates of Cash Flow Risks: 1930-1588

Regression form: Y =a +b X, where X = {Market, PCE Tot, PCE NDS}
Time period: 1930-1988 (excl 1939-1948)

H X=Market : X=Total Consumption : X=NDS Consumption
NIPA Variable : b t(b) ESQ : b t{b) RS I -] t(b) RSQ
AT Profits .069 5.34 .36 . 357 6.26 «44 : .,400 5.50 37
AT Prof IVA CCA: .047 4.63 .30 : .354 8.09 .57 : 406 7T.21 .51

BT Prof IVA CCA: .062 5.48 .37 .441 9.02 .62 : .494 7.50 .53
Net Dividends 1.79 4.67 .31 : 15.53 9.40 .65 :18.88 9.33 .65

Net Cashflow 3.56 4.09 .26 : 15.79 2.77 .12 :16,16 2.11 .07
Breeden (1989b), Table 3.

In Breeden (2005ynconditionakconsumptiorand markebetasfor various industries

were presentedyased upon-guarter changes in real profiser the 1948004 period*

" Note that DurbifWatson statistics were approximately 1.6 toifh.these regressions, wibividends having the
lowest DW, given their stickinessNote also that the Net Cashflow results were dominated by an outlier in 1933.
Breeden (2005) presented similar results with data through 2003 in his hant@mDestinguished Speaker at the
Western Finance Association meetings in Portland, Oregon in 2008

8 To deal with negative profits or neaero profits in certain industries, actual calculations were of changes in real
profits, divided by prior quarter employeompensation, then divided by overall average profits/compensation.
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Table 3
Cash Flow Risks Ranked by Industry: Consumption Betas vs. Market Bet:
Nonoverlapping 2-Quarter Real Percentage Changes in Real Profits, 1948-2004.
S&P500 betas are K. French Real Industry Returns vs. S&P500 Real Return

Profit Beta, Real 2Q, vs. Relative Consumption Beta Industry Stock Beta vs
Industry %Chg Real NDS Consumptigiindustry divided by US TotalReal Return on S&P 5(
Motor Vehicles 15.1 3.51 1.08
Durables 10.4 2.42 1.16
Retail Trade 9.2 2.14 1.09
Construction 8.5 1.98 1.23
Wholesale Trade 3.6 0.84 1.10
Food & Beverage 2.9 0.67 0.84
Banks 1.7 0.40 1.03
Oil 1.6 0.37 0.76
Utilities -1.0 -0.23 0.61
U.S. Total 4.3 1.00 1.00

Source: Breeden (2005).

Theconsumption betas from profits are quite different from betas estimated with stock
market returns, though they are significantbyrrelated. Profits i reflect leverage and are
highly volatile. For the U.S. Total, profits move by 4.3% when NDS real consumption growth
moves by 1%, and motor vehicles, which are quite cyclic, haxearprofits growththat move
by 15.1% then (or 3.51 times as much ageg@gfe profits move)Motor vehicles, durables and
wholesale trade all have stock market betas thajute similar,between 1.08 and 1.16, but
their relative profit betas are 3.51, 2.42 and 0.84, respectively. Utilities, oils and banks had low
consumpbn betas of profits, butigherst oc k mar ket bet ahsuldincreBsenk so p
in more recensampleghatinclude the recent Great RecessidAreeden1989b)also found that
industry profits were often mearverting over & years, which malsesense, given competition
and freedom of entry. Very high profits entice additional supplies and compefiook

market betaand dividendshould pick up these longer term effects.

Updated annual data for 132012 for the relation of real profithanges to real S&P
500 returns and to the growth rate of real, nondurables and services consumptidmgame
27 and 28 It can be seen thahaual profit growth is more related to consumption changes than

to stock returns.
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Figure 7 Figure B

Change in Real NIPA BT Profits/5 Yr Avg vs.
Real S&P 500 Total Return
Annual Data 1930-2012, excl 1939-47
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Note: When real total consumption growth is used, instead of NDS consumptif] Bnd fstatistic
for the slope is 8.6.

In a modern, econometrically strongest of whether consumption risks of cash flows
are helpful measures ofk, Bansd Dittmar and LundbladBDL, 2005) examinedividends
and share repurchases versus real NDS consumption grov@® partfolios: 10 decile
portfolios ranked by size, book/market and momentum, respectiVelyey say (p. 1640
show that tk crosssectional dispersion in the measured cash flow beta explains approximately
62% of the crossectional variation in observed risk premia. Further, the estimated market price
of consumption risk is sizable, statistically significant, and positieelinl cases . 0 They
to duplicate much of the spread in mean returns of the extreme momentum portfolio (winner
minus loser) and similarly defined size and value portfolios, using quarterly data from 1967 to
2001. Means and standard deviations etiurns for the 30 portfolios are Table36. They
display the welknown effects during this period that small stocks, high book/market, and

positive momentum portfolios have the highest mean returns:
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