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Expectations of Real Interest Rates and
Aggregate Consumption: Empirical Tests

Havne E. Ferson®

[, Infroduction

Recently, the finunce literature has included empirical analvsis ol consump-
an in asset nricing models hased oo the cross-equation restrictions implied by
aprimality of a representative agent’s consumption and investment plan.! These
sindies have required some specification of an aggregate utility function, and
power (constant relative risk aversion} utility has been predominant, The present
reper extends this body of rescarch by including models with constane absolute,
is well as constant relative, risk aversion.

Evidence on the empirical magnitude of aggrepate risk aversion is HOpOTtane
lor several reasons, In portfolio medels. the relation of asset demand to risk de-
pends on the degree of isk aversion. Aggregate risk aversion is a determinant of
the predicted response of consumption to mterest rate shifts and of aptimal hedz-
aig hehavior in dynamic asset pricing models. Risk aversion. therefore., influ-
cnces the structure of prices in futures markets and the wrm structure of intercest
ragek. t name bl twe examples. Recent studies ol the volatility of stock orices
te .. 116/} also depend on the magnitude of risk aversion.

This stady emplovs quarterly data on U, S, aggregate consumption and
Treasury bill retars for 1947- [ 98¢, The results do qot Bppear consistent with the
kyvpothesis of aggregate risk neutrality and they sugepest thut consumption-based
asset pricing models should cmphasize nonstationarities of Uogmsemption betas't
wver intertemporal substitution in consumption.

The paper is orpanized as follows, Section 11 discusses the made] refaring
equilibrivm interest rates and anticipated real consumption changes. This is a
discrete-time model, in the spirit of Breeden's {2} intertemnpotal asset pricing
tmadel. [t assumes time-additive, state-independent utility with linear risk roier-

" [iversity of Penrsyivania. This paper 1 decived from the authar's PR dissertacon, pre-
seited al the Graduate Scoeal of Busingss, Stanford University. The author thanks the members of
his disserlalion eommiiiee. Droogias T. Breeden, Michagl B, Gilsbuns, an Srephen M. Schuster. for
theic suppart ad wwidsnce. The author Also appreciates the helptnd comments of Rober Swumbangh
and Tnhn Memck an earlier Wrafts of the paper. Aoy eorors ace the author's raspunsibility.

' Recent examples include [21], 122], and 126, Perhaps the eatlisse cxample wsing inferest cates
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ance and jeint jognormality ol price levels with the marginal utility of real con-
sumption. As special cases. it includes the models of Rubinstein 137]. Breeden
and Litzenberger [3]. Hall (18], and Fama [ 7], among others.

Secrjon LI discusses the econometric methodolegy used to test models with.
constant absolute and constant relative risk aversion utility functions. The meth-
odology is a speciul case of one cmployed by Gibbons and Ferson (131, with the
alvantage (hat SIFONg assLMPpLions beyond those used in the theoretical develop-
tnent are not required.? _

Section LV describes the data and Section V presents (ests of the consump.
tion models and estimates of aggregate risk aversion. Section VI summanzes the
Tesnlts,

ll. The Models

Asset pricing models based on the optinnality of consumption-investment
plans imply that the stochastie process of consumption is related, through margi-
nal utility, o the distributian of rEtuIns on asscts. This paper cxamines a discrate-
time mode] analogous o the continuous-time model of Breeden [2].7 A represen-
fative CONSUMET-IMVESIOT maximizes at cach date the expectation ol a concave,
time-additive, siate-independent utility function defined over a vector of dated
constmpticn gouds. Asset pricing derives from the first-arder conglitions for or-
timality. The time ¢ price of a secutity paying random amownes X, ., of the
numetaire at future dates 1+ fis glven as '

2= Sexp(-mES K, | 9
e
(M %
- Jui i
Lp:w-f: [i‘i.q-‘_"'f';l.cxpl_-jf{t,i‘+j}l\".
o =la) g

whete t.( € 15 & margina) utility of rpal’” consurnprion. fis the constant rate o
pure time preference, and {1,154 sufficient statisdc Jor the information availabi
at ime ¢. Expretations are assumed to be rational (i €., mathemarical condigonal
expectations) and markets efficient in the sense that (¢, includes at least the 1l
values of constant parameters and the information set Z, subsequently crmphos e
in the tests, The term (¢ + j) is the j-penod average rate of commodity pric
infaion.© Defing the dme ¢ price of a bond paying 4 single mumeraire unit with

> Similar sechnigues have been emploved reeensly by Fall {20 and Hunsen and Singleton (22

! ymilar models have appearsd i [30], [ 14]. [18]. and arhers. Tha molel deserined bee
dcveluped in derail by Fersan [&].

4 S | 1Y ar |8 for ses hmical disCussons uf the inlkation index and Teal ConSUEmplIan.

478




vertainty at fime f 4 to be exp( — fr; ), where r; . is the nominal j-period spot
rate. Eguannn (17 implies

[ n{C. )

il = E-;’exp[f-hj:} _
«{C,)

inequation {2, r,  — f{f, ¢ + f) is the uncertain “*real'” interest rate on aj-period
nurninal bond,

Equation (2) has several advantages for empirical work. Since the equation
must held lor each maturity 7, 13 legitimate (0 choose an observation interval
and hond maturity without making the assumption that investors use that interval
as o planning horizon. In particular. the use of quarterly data does nat imply
:emparal aggeegation bias if investors make decisions more frequently. This is
important becuuse the copsistency and usymptotic cificiency of the estimators
described ih the next section would not be guaranteed if there were a problem
with temporal aggregation bias,

A second advantage of equation (2) is that a partiafly-intormed econometri-
elan. with information 2, contained in £} | can take the conditional expectation of
12) given £, and obtain implications for mornenis that can be estimated.

Let £it1 = —1In & {C,) and assume that conditional on intormation Z,, the
jatset distribution of {K (¢ = j1 — K(s). i+, 1 + f)} is bivariate normai. Applying
the normal mament generator to equation (2) then results in the following solu-
tiens, where the expectations are conditioned oo Z,.
o= L DE[RGED - KO} + Bl (e - (1D,

I

13) . j{'vm[(ﬁ(u—j}l— K(f)}

exp(j[rjl: — it :+_.r'j|}} ‘ e Vit

» 5 | + :?{Lr+j)‘ Z'H .

Mote that K7 = - . /u, is the coefficient of absolute tisk aversion, so £(¢) is
monetonically increasing o real consumption €, il individuals are uniformly risk
sverse. Fguation 13) implies that spot interest rates are positively related at each
Peine 0 time t expected growth rates of a transformation of real consumption
nd o expecred rates of inflation over the imterval 0 bond maturity. Spot rates
zre negatively related to the conditional variances and the covadance of these
VRIS,

Special cases of equation (3) are of particular interest, Lall (19] argued that
the marginal utility of vptimal consumption should approximate a random walk.
[f expected changes in A4+ per unit time are constant. then marginal wility is a
trended randam walk in the logadthms. and expected ““real™ interest mates de-
pend anly on pure time preference and the second moments in o, In this case,
thanges in expecied teal retums would be associated only with changes in real
consumptsmn and intlacioe risks.

I¥ investors are risk newtral, then changes in K¢ are zero regardless of the
stochastlc process followed by consumption. Aside from a Jensen imcquality
term, expocted resl returns on Troasery bills would be constant and identics] for
each maturity.
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Any specific wility funetion £7(~y implies a joint probability distribution .
sumption in equation (3). Equation (3) includes models with constant relatjve
risk aversion and lognarmal future real consumption: it also includes constan!
absolwe risk aversion with normal consumption. In Figure (1], the cases investi.
gated in this paper are tabulated. Case (iif) in the figure {log utility) obtains as
constant retative risk aversion tends to uniry,

Some Utility Functions and Distribution Assumplions Includad in Equation {3}

Frobamility Digtruticn
Corresporging  Assurec for Per SCaniz

Ltility Fueclicr Fosre of K1) RAeal Consomo: an
1wl =013 gxpl — 20 {uongiant aw, O Marmas
absoluls nsk avers:on equsl o "3
Did @l Q) - (1= ay-10" -2 fconstant aln, O~ Lognerral
relalive rex geersian egqual to a .
fii Wi =Ini ni, =~ Lognorral
FIGURE *

The risk-nentral linear utility function has ¢ = 0. The distribution of consump-
tion is irrelevant o this wtility, given the mean.

These particular assumptions abont wility functions and probability distri-
butions are motivated by several considerations. They provide a manageable ss
of salutions for empirical analvsis and each has been a central feature of severul
previous studies.® Also, specifying 4 constant utility function parameter may be
mare palatable than assuming stability of a reduced-form coefficient (an atterna-
tive criticized by Lucas [29]). For cxample, studies of the permanent incom:
theory using aggregate time series data have typically assumed that the margina
propensity 1o consume is constant. However, when the reat rate of inferest is
changing over time, there is no rcason to expeet that the portion of permanent
income optimaily consumed will be constant.® Such wests might reject the pull
hypothesis when the permanent income theory is valid because of a changine
marginal propensity to conswme.

The test methodology emploved here ts particulariy well suited to the many
models that assume 1 K(¢), 7} is normally distributed because. as will be shown i
the next section, few additional assumptions arn required.

li. WMethodology

The folkywing empirical analysis is limited ta a three-month forecast periol
and Treasury bill maturity, 1t will be convenient to suppress the subscript j = |
it equation (3) and to employ a shorthand notation to refer eollectively o e

* Swaies that have made use of comaam relative fisk aversion and lonanmality include [375
|27, 1200, 1141, [33], and [14). Kraus and Litzeoberger |27] and Rubinsiein §36] derive results far b
lag ulility case. Stapleton and Subranmanyam [40] and Grossman [15], among others, have en”
pioved the assumplions of conytant absolute tisk aversion and normal distihetions,

f In models with perfect roarkets, permanent income [stack formulacion) is eguivalent o “-Fu}n:.
The fraction af wealth consumed is constant only when the consumion model reduces ta a singl
factor asser pricing mixle] ia terms of wealth.

480




models Hlustrated m Table 1. slthough separate wests are conducted. Equation (3)
implies

laa 12z} =« +E[R |2},

i+ —
@, = (1 2)var{aal

- |
I_Rr—i|zrj_h'

In equation (4). ¢ AC, ,, stands for the K¢~ 1} - K{#) in equation {3).
1For the constant absolute risk aversion model, AC, | | equals the change in the
‘wvel of tegl consumption; for the constant relative risk aversion case. it stands
for changes in logarithms.} The """ stands for the corresponding risk aversion
parameter {a == | for log utility. 2 = 0 for risk acutrality). By definition, £ | |
=y, — e+ 1y is the ex post teal rate of zetem on a three-month Treasury
Lill.

The tests are conditional on the following stochastic specification

A . ¢ -
JC'.rl-l = e+ BC% + e oo

. -- — ¢ iy
131 R:+i = oy + BR‘Z; g

Elf.,, | 7) = E{# | Z) =01 r=0,...T-1.

The regression system {57 presupposcs that conditional expectations may be
mdleled as linear functions on the instrumental variables Z,. However, fairly
genersl dependencies are allowed becuuse it is only required that some smooth
transtormation influence the conditional expectation linearly (for exumple. by
Tayior's expansion.) The value of Z, should be available information at time ¢
and should be comrelated with changes in the expectations of economic agents.
The linear projection of expectations on 7, is assumed to have constant coefli-
cients. The assumption that inflation rates and the Iog of marginal utility of con-
SNPLch dre jointly stationary and normally distributed with Z, can justify both
the [orm of the theoretical models (4) and the Hnearity of (5) with constant coeffi-
vients. This assumption also implies that the covariance matrix of the errors in
i3t is constant (because of the homoscedasricity of the normal distribution}, and,
therefore. that the intercept oy of equation (4) is constant. {This assumption s
coavenient for exposition bul stronger than necessary. ¥’

Rational expectation implies that the emor vector should display no auto-
corretation {assuming 2, includes past error terms), because the observation in-
wrvid corresponds to the bond marurity ¥

7 Forcxameie. the ermor covarianee matris may be changing (e.g., mollivariate stodent t disori-
butiens provaded o, is constanty. Alihough the esimanon pracedures employed here do assume a
sonstnt sevarance ol MuaCurdy [317 descrites procedueees for inference wher the covarance
MATEE iz clumainge aver ime.
" Furexmple. wssame < f. Then
Elj.':'}ln.-'r-'iil'.'..'-l | Z!::I * Er;}l" l-h[ﬁL i z.' + -l] | K_.} = i::[E’}l.'..'q-l'ﬂll zr} =D

L
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The theoretical madel (4) inplies restrictions an the parameters of moded
{5;. Eguation {41 savs that conditional expectations of marginal utility changes
and of “reu]”” interest rates are lincarly related. If the coefficients are constany
and if the conditional expectations change, then they must shift proportionately.
First, differencing equation {4) implies

(6) aak(al | z) = aE(R |7}
Taking conditional expecations given Z, of the statistical model (3). s
differenzing and substititing the resulting expressions inta equatian (6} implies

M (aB; - Baz = 0.
Stnce this must be true for all reahizations of A2,
(%) o B,{_“ = E.R .

Equation (%) wiil be called the **proportionality restriction.” :

Because expectations for 8 and &€ must shift proportionately, information
relevant for predicting one variable must be relevant for predictng the other, and
the impact on each must be proportional. Thus, restriction {8) reduces the num-
ber of separate siope parameters in the forecasting equation (3} to onc-half the
atiginal number. The madel is tested by estimating system (37} unconstrained and
separately with the proportionality restriction imposed. Imposing the constraint
allows cstimation of the risk aversion patameter, . Comparing statistical fit of
the two modets allows a test of whether the dara are inconsistent with the restric-
tions. The risk aversion coefficient s identified if Z, has at least one element in
addition to the intercept. In that case, the utility parameter would be just identi-
fied: ¢ = B! B, Increasing the length of the Z, vector provides over-identifying
restrictions. Smaller information sets utilize fewer over-identifying restricrions
and will, therefore, tesult in less powerfui tests,

The cstmates of the coefficicnts of the forecasting equations, Py and B
will be biased for the corresponding **true’” coefficicnts (piven €1 ), unless the
information omitced from €1, in choosing Z, happens to be uncorrelated with Z,.
Because of “‘left-out-variables™ bias, the P coefficients will not measure the
margingl mfluence of Z, on the “market’s’” capectations. However, the theory
still may be testad using Z,. 1f the “'orue’” coefficient vectors satisty g proportion-
ality restriction. then blas in the f, and B due tw missing information will be
offsetting, so that a proportionality restriction is preserved [8].

Substituting the conditional expectations from (5) and the proportionality
restriction (8) into (4) implies

& HE{E'“CZH l Zﬂ - E'{Eulr‘%}
(aBe — Ba)'Z = (amc - )

= . —
c o

%)

R
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Redation (9) tdentifies the pure time prefercnee parameter, A, (Substitute the defi-
nition of o, from (4) into (9).)
When the parameter restnictions sre substituled into the statisticat model {3),
:he tesult 5 a restricted bivariate regression
AC Ly = e+ Bl ey

ns r+i

Ry = —oy +ajm + Br:zr) + ik
where e b5 the risk aversion coelficient and o, is defined in equation (4.

The uneonstrained bivariate system (5) is a version of Zeliner's [42] seam-
inzly unrelated regression musdel. Since the predicror variables are the same
each cquation. ordinary least squares (OLS) cquation by equation is an efficient
eslimation procedure,

Under the nuil hypothesis, OLS is inefficienr relarive to a nonlinear multi-
variate estimation scheme because the number of siope parameters is reduced
from 2K {in the unconstrained systern (5)) to £ + 1 in system (1), Noniinear
joint yeneralized least squares (JGL3)Y produces consistent and asymptotically
clficient estimates of the regression coefficients and utility parameter.? Gibbons
and Fersan [13] have applied this approach to test different hypotheses about
vamunan stock retwms. Y

TE the null hypothesis is true, the proportionality restriction is not binding
and the fit of the multivariate regressions (3) and (10} should be asymptotically
fquivalent, The restrictions arc tested using a likelthood ralio test stanstic that is
asymprotically dstribued as chi-square {391,

i1 rLal|2 080 ~ Xk -1

wiere T is the sample size. £ i the number of vurjables io the information vec-
tor. and the chi-square variable has & — 1 degrees of freedom. (Recall that im-
postne the proportionality restriction reduces by K — | the number of parameters
i be cstimated ) The mattees =, and =, are the estimated restricted and anre-
stricted residual covariance matrices. respectively. and ! denotey the determi-
aant function.

IV. The Data

The data include quartecly observations (1947 through 19808 of U5, wal
aggregate consamption expenditures per capita. inflation rates, and three-month
Treasury hitl rates. Two measures of conswmption are included: consumer non-
durables and nondurables plus services. These consumption dara from the De-

* Gallent i 123 shows that the JGLS meemsd 5 almost sucsty consistent asd s asympiatically
etficient. 1Althiugh his resulty do am consider the case where the instrumenis £ are Lageed depen-
deng vackables, Lhe azsumption oF rasional expecTaions irnpries iat teey el w1t case as well. )

Al compeiations wele performed wsing sigorithims suppiicd by $A% [osteute. [ao. Con-
arraingd esomation did nat impose restictions am thee residual covanance matns onplied by the ded-
rebon nf &, hecause this was oo compationally $2asibla ssing these aigerithins.
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partment of Commurce have been crmployed by many previous writers:1! Th
implicit price defiator for personal consumption expenditures (PCE) was chosen
1o measure inflation instead of a consumer price indes (CPL. The PCE indox
emplovs aggregate expenditure weights. updared gquattetly, whereas CFl weights
are updated at infrequent intervals. '2 The consemprion and PCE data are season-
ally adjusted at annual rates. 17

Two interrelated issues molvated a particular temporal alignment of the
data. First, the instremental variables Z, must be known at the forecast date.
Second. although the dae refer to average consumption over an interval, the
theory relates a bond price at & specific date to changes in consumption between
twer paints in time. Differences of consumption averages over short imtervals
should approximate more closely point-to-point changes than do differences of
averages taken over longer intervals, Theref{ore. quarterly changes in consump-
tion were measured using differences over the shonest available observation 1o
lerval (prior to 1959, the shortest available interval is one quarter. monthly data
are availahle for later periods). Average measured consumption and inflation o
a period were used as a proxy for “true’’ values at the midpoint of the interval.
when the Treasury bill price is observed. For example, the difference botween
average measurcd consumption dunng February versus that during May is as-
sumed o represent the change between mid-February and mid-May. This cormes-
ponds to the bill ocbservation in mid-February. The first lap of measured coo-
suraption and inflation rates may not have been avuilable on the date a Treasun
Bill price is observed and forecasts are assumed to be made, To minimize the
citance of spurious predictive relations, only lags of two or more quarters were
employed as predetermined varables, 14

Two sels of predetermined instruments are used for the rests. The first con-
sists solely of lagged values of the dependent variables while the second includes

I* For cxample, Hall [£%9) and Creosman and Shiller [16] used nondurablas plos services, Fluvn
[9] and Hull [20] need nomdurables.

Appmegme personal <onsumption and the deflator are published in the MNational Incorme and
Produgt Accounts in the Swrvey of Crereal Business and Business Siqristics supplements. The dats
mrarpanled revisions Mmrough the Burcaw of Labor Statisticy sevenih benchmaek revision (e rhe
Decembot, |HE0 Serve v af Cierrear Buyiress for detadls). Treasory bill raees ars (oo Saiormon Broth-
ers, Anatvtfend Recard of Fieldy und Yielhd Spreads. and were converied te continoously compende
anouoat canes. (Prior to the frst quamer of 1950, Federal Apency seconties are used in fieo of Teeasus
bills. 1

12 Thiy meayuee of nlatiom 15, of course, not wuhnm error. For exampie. allongh the analvt-
cal development oes pot tequire 2 explicit astmption of homothetic consumption preferences, thi-
assumption s mplicitly embracad by using the PCE deflator to measure inflatien,

I* Seasonally adjvsted dala are not necessanily & priorf prefered, hut quarnorly data on the PCE
detlistor are available only in seasonally adjusted forto,

™ Copsumption and PCE data are not normally published onnl the thitd week after the messoce-
ment imeervai, Also, the 115, Commerce Depaniment samples cemain iwstns an inetvals greater |hde
three Thonties snd iolecpolawes: this procedure could induce spurious comelaion berwean adjacent
yuarterly observations. Schwen {38] finds that comman stoeks may Téaet W anovuncements of v
CPI up to & neonth after the daty are coliecied. Monctheless, the approach of adanting anly secoes
amd higer-order dags probably resulls in predicuon equationd with lewer R-squares tham mipht T‘L
obtainablz. Revised figures (data revised through 1980 are employved) would nm bave been availub-
ut Ike foreoust omjzin.
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per copita real expendilurcs on consumer durable poads, real returns on stocks
andl past imflation rates, 13

Expenilitures for consumer durable goods will, in part, determine the con-
sumption flow from those goods in future periods. **Stock-adjustment™ models
of cunsumet expendiluces have long emphasized this relation [23]. A change in
the leve! of expenditures on durables could. therefore. signal [uture changes in
consumption. Past values of inflation commonly have been employed in empiri-
cal studies as a proxy for inflationary cxpectations. and many studies have sug-
sesied that expected real retumns may change with the level of expected inflation.

Common stock prices have long been regarded as efficient aggregators of
cconomic information. If stock prices represent discounted expected future
values. then changes in stock prices siould reflect revisions of agents’ cxpecta-
tions and thus provide a proxy for relevant new information.

V. Empirical Results

If expectagions of changes in the consumption measute and of real rewms
are constant given Z,. then the regression eoeificients in equation (10) are zero
except for an intercept and the risk aversion parameter is not identified.

Awtocorrelations of real interest rates and consumprion are examined first
sor cvidence of changing expectations, Then the other predetermined variables
are ronsidered. Compared to raditional market etficiency siudies. a maintatned
assumption and a tested hypothesis reverse roles, A traditional approach might
muintain the dssurmption that expected returns are constant and vitw adtocome-
lated returns as evidence of inefficieney. These tests assume that weak-form effi-
stency and rational expectations hold; sutocorrelation of returns then implies that
expected returns are changing. The dynamic asset pncing model is a more inter-
esting hypothesis if constant expectations are rejected.

The first panel of Table | shows sample autocorrclations of three-month
Treusury bill returns and inflation for the 1953 to 1971 period. Fama [7] exam-
ined monthly real retums on Treasury bills over this period using CPI inflation
rates: here the PCL deflator measures price changes. Consistent with Fuma’s
tindings. the individoal sample antoconelations of the ex post real rate ane aot
large relative to their approximate siandard errors (none cxceeds three standard
crrorst. However, the Box-Pierce adjusted (2 statistic provides evidence against
the joitc hypothesis that all of the true aurocorrelations are zero. Even when the
first lag of the real rate 1s not considered (statistics in parcntheses). the p-vafue of
the €9 statistic 15 012,

(ither stdies have noted significant autocorrelation in read Treasury bill re-
tutns for periods other than 1953-1971.1% The second panel of Table | presents

i3 Real srock retums are the Standard and Poor's (5 & P Composite wtal retem indea as ne-
pruted in [26], and wpedated through 1980 leom the § & P Scenrfry Price feder Record, Retoms arc
messoeeil al e end of the frs monh of each quareer by subtracting the tation rate froms nominal
rergeos, both an pcontinuously compounded basis.

Table & contains sample means, stundand deviations, and amacorrelations tor ¢ach basic series
and their frse ditterences. Table Tis a sample conelation mateix.

1t Siudies that have mejected the bypothesis of constant expecied read teoums for Treasery bills
incdudse {341, 151, [24]. 2nd [ 25, among wibes.
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evidence of changes in the mean real retum for the 1947-1980 perind. The sec-
und-order sample autocorrelation alone is greater than three approximate stan-
dard errars fram zeto. The Box-Pierce statistic rejects the null hypathesis that the
true autocorrekations ate Zero at any conventional signifcance evel.

Famuy [7] chosa to omit data from the post- 1971 period, arguing that wayge
and price conrrols systematically distorted measured price leveis, Ta the extent
that spurkaus autocomalation in the time series of measwred real rates resulted,
such patterns also should be reflected in the real consemption series becausc botn
employ the PCE price defiator. Note, howwover, that measured real consumption,
changes appear virually uncorrelated over 1947-1980. This sugpests that spuri-
ous autocyrelation in the PCE deflator does not explain the appearance of auto-
cormelgtion In real interest rates. The evidence in Table | does not reject the fy-
pothesis that the expected change in consumption is constant for any of toe
micasures of consumption éxamined.

Tubles 2 and 3 cxtend the investigation to include the additional predeter-
mined information described in Section 1V, QLS estimaiion of system {5) is sum-
matized for the constant refative risk aversion model in Table 2 and for the con-
stant absolete risk aversion madel in Table 3. Consumer nondurables plus
services measure eonsumpeion. Either set of predetermined variables appears to
b a significant explanator of variation in real interest rates { p-values of six per
cent ar betier n each case). However, only one of the six consumption regres-
si0ns attains significance at ten percent. {This is the mode] of constunt absolute
tisk aversion using combined instremental vadables.) The second column of p-
values in Tables 2 and 3 presents a bivariate test for constant cxpectations. This
hypothesis is rejected with p-values smaller than 0,08 in five of the six cases, and
the pr-values are less than 001 when both sets of instruments are combined. Con-
sistent with the autueorrelation evidence, the tables suggest that the rejection of
comstant expeckations is being driven mainly by the interest rate equation. The
evidence against constant expected consumption growth is not very strong.

S far_ the evidence suggests By == Oand B, = Gin equation (33, The appat-
ent lack of sensitivity of this resalt to the different consumption specifications
reinforces the view that aggregate risk aversion will not be easy to estimate pre-
clxily .

Other studies have reported predictable patterns i consumption growth
rates (o = 0). Hansen and Singleton [21], for example, [ind that monthly real
consumption srowth rates scem to be partly predictable, There are several possi-
be explanations for the difference in resuits, First, there is the difference be-
tween guarterly data, cmployed here, and the monthly consumption data used by
Hansen and Singleton. Monthly data are more susceptible to spurioes cormela-
tion, mot represertative of true consumption. About 40 percent of the items in the
menthiy PCE deflator, for cxample, are not sampled monthly but are interpolatcd
based on quarterly or anoual fpures. Second. this study employs a temporal
alignment of the consunption and interest rate data designed to minimize spuri-
ous correlation because mtegrals of consumption, not ttee point-to-paint con-
sumption changes, are tmeasured. Hansen and Singleton align the data in a way
that assumes individuals know asses returns for the month when planning their
consumption for that month. They alse admit the Grst Tagged value of the
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monthly consumption variable in teir forecasting equation, atthough it would
not have teen available because of publication lag. 7

If expected consumption growth is approximately constant (fe = 0}, then
risk aversion will be difilenit to identify. The condition 8, = 0 is consistent wilh
the hypothesis that marpinal otility of consumption follows a trended random
walk with respect to Z,. In this case, equation {4} implies that expected real re-
turns on Treasury bilis given Z, will be constant except for fluctuations corre-
sponding to changes in variance and the covariance of unexpected real retums
with marginal utility. Thus, variation of expected real retums over time would be
influenced by changing consumption betas, but would not be associated with in-
tertemnporat substitution throuph flucteating planned growth rates of consumg-
tion. This result implies that explicit treatment of changing consumption betas ix
important for tests of interterporal asset pricing, even o the context of Treasury
bill returns. It suggests that surprises in mftation are not neutral but represent tai
risk premiums from the point of view of asset pricing.

The existence of changing expected real retums also rejeets aggregate risk
neutrality, (e = 0}, which tmplies constant expected real retuens for any pattern
of consumption over time. 1%

Tests of the proportionality restriction (8) are conditional net only on me
statislical specification of the forecasting equations (5), but also on a constant &
parameter in eguation {(4). Assuming constant pure time preference. o) 18 con-
stant if and only if var{aAC, .| — R, ;IZ,} is constant, Table 4 tests the hy-
pothesis that this variance is equal in the 1947-1963 and 1964-1980 subpenods.
conditional on different hypothetical values of relative risk aversion. The case o
= 0 is equivalent to a standard F test for homogeneity of the variance of the
Table 2 regression errors for the veal return equation. It should not be surprising
that the null hypathesis is rejected for a = 0 given previous evidence that the
varance of inflation has not been constant over time [28], [25]. The hypothesis
that &, is constant is rejected in Table 4 for extreme values of relative risk aver-
sion (g.5.,a = Dore = 6). For internediate values (0.5 and 2.0}, the evidencs
against the mull bypothesis i$ mixed, and for the log utility casc {a = 1) the hy-
pothesis of constant ¢ is noi rejected.

Table 5 presents the likelihood ratio tests of the proportionality restriction
By = aP,. Results arc shown for the three combinations of predetermined vari-
ables in Tables 2 and 3. Both the constant absolute and constant relative risk
aversion models are summarized. !

i1 4 comparison of the consumpion aulocorrelations in Table |, with versos withou the riTsl
lagged vaiue. de nol indicae that admittng the Frst lag weould sebstantially alter the imsignifican
amesomelations of guarerly consumption growih. Hansen and Singleton [21] do not provide =vi-
denee an the effect of mling out the frst lug Bar menthly data. ]

18 Gpossman and Shiller [18] Rave employed similar logic to rejcet nsk newrality o the socs
mngrket. Of coures, one could rejent risk-nedral behavior in the stock macket and oot in the Treasor
bome market i inflation sk is lest impottant than the wider range of uncenataties to which operal ik
Meins ave expostd.

1Y An indirech estimate of the time preference parametes, # is 8330 produced. The six cslinitles
ul vime preference implicd by the two choices of risk aversion = three choices of 2'5 were all pos
tive. but spme of the poinl estimates wete too [arge to be considered masonable. The range of i
estimates far time preforense was 3.4 w 30,3 percent per annun.
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TABE_E 4

Tasts for Homogensity of Var{aal, , | — A, 112} [Constant «, in Equation {4))
in the 1847_2-1963.4 and 1084 1-1880.4 Subperiods

Assurngd Valug of Coeflicent of Relstive

Tpomarmiced Risk Aversion
Conciiomng Yariakles 2 a=o =& a=!' a=2 4a=i
s ulign rates, Red Sock MMaret 228 1.65 1*1  J87 28 F Statishc
SgLins Ard Der capita a0 aza 42 715 Fug n-valig

I3

Eapenctlires for Zonsumer
Coanle Gooos ailags 2,3, and 4.

snges af 1he Twio Dependsnt 270 2007 283 2a3a 042 T glaigiic
ainlezaf.ags 2 3.4 arc 3 * 0oc2 AR 823 uogy pvEhe

i

*ed rates the povalle is less than 0001, The meagure of consumpgtion is per Capita real
CEDENCIL RS for SONSUMEeT nendurables and sevices: quartotly differences inire natua
soaTTs are multinied by 400 Rea. 3-month Tressury bil refurns are contruoushy
sornpoucded alantua ratgs.

{

The constant relative risk aversion model is rejected with p-value (020 us-
ine Jageed dependent variables as instruments (second panel), but using the set ot
-nstruments with no lagged dependent variables the p-value is 204,

When constant absodute risk aversion is assumed. the p-valse of the chi-
wyuare statistic iz less than 001 unless lageed dependent variables are exeluded:
then the significance level is 16 percent. The evidence agaimst the oull hypothesis
is slightly stronger assuming constant absolate rather than constant refative risk
aversion, and appears fairly strong for both models when the combined set of
stedictor vaniables is employed.

The estimates of absolute risk aversion in Table 5 exclude, with some confi-
Jdence. values of an aggregate cosfficient greater than 10 basis points for cach
1I972Y dollar chunge in real consumption per capita, The relative risk aversion
astimates appear significantly different from the Jogarithmic uality (& = 1} in
swea oL of three cases. but these point estimates are in the region of convex (risk-
lewing s weility for consumptian.

These estimates. together with the likelihood ratio 1ests and autocomeiation
svidenee., suggest a misspecification of the model. Conditional risks may be
changing in imporant ways over me. It is also possibie that changes in higher
moments of consumption are driving the changes in expected Teal retitrns, but the
mode] is not capturing moments boyond the second. I so. the assumption of
irgnormal margimal wtility . cmploved in many papers for analytical convenenee,
tnay be inappropriate for empirical applications. Recent results reponed by
Brown and Gibbons [4] suggest that a utility-based model may be sensitive 1o
deviations From the assumed probability diseribution. but the generai Aavor of
onlr tesuits is quite similar for both the normal und the lognormal consumption
models,

An alternative explanation. suggested by Brown and Gibbons. is dhat risk
aversion 15 not precisely identified in these models apparently because guite dif-
ferent point estimares in statistical terms are not really that different in economic
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TA3LE 5

Liketihood Ratio Tests of the Propariionality Restriction (Equatkion (8]} and
Estimates of Hisk Aversion Paramelers.
{Ciuarierly data for 1947-1980. Number ot observations is 127}

Eztimatec Risk Aversion v
Coefboierts for Modas

with Canstant
Pregetermined Rolatwve Risk  Aksolulc Risk
Inzependent Variabies = Aversion dsersonc x& ofit pevaus=

Inflghon Raies, Aeal Siotk %38
Karket Belurns and pe' canita [13.8M 98 4 294
Exoengit;res for Sonsurer 2.85
Curab e Geoons alLags. 2.3 [2.35; 1M1a 5 1a0
and 4
Wailues of lhe Twe Depancent —0.36
vanaghles g lags 2 2 4. ang S [0.241 129 7 Co&

184

(1 a7d 7 i
Lags 2 ikrough 5 of the Twe -1.41 . .
Depenaent Yarniakles and Thrao [0.51% 295 '6 Ri=y
_ag values of Infiation Rales, -2.79
Fea: Stock Markel Retumrs. and (2. 66) 406 16 am

Curables Expangit:res

* The measure of consumpticn 2 per capita real expendituras for consumer nondurabiles
and services Quarterly Sgnsumption changns afe measured in the lovels for the consiart
gosolute nsk gversicn model and nthe nallrai iogarithms for constant renative fisk averzion

s Agyrplare siancars aroes of the risk aversion estimates are n pareniveses.

T Absolule req aversion eshirmates and their standard errers have been scaled by the rabc ol
gverage g per capta real @xpendilutes lor consumer naondurables plus semvices 1o the
sUm of these piug estimaten consimplicn frm ne stocs of durables plus rea govemment
expenaiturces for goods and services [fram annual Commercs Department odata). Linits are
Easig poins per 1972y dellar crangs n consumotior per capita, ai arnual rates,

4 Cerress of fresdom for the chi-sguarnsg statish.

= ' noicates the p-vauso is l2ss than O0M

terms. This is consistent with the hypothesis of Hall (29], 120] that expected real
interest rates do not change very much in association with Huctuations in planned
consumption growth rates. Since no previous study of which the author is awan
has attempted to estimate a coefficlent of constant absoluie risk aversion using
COMSWMPHON. COMPAriseas are nat passitle.

Several siudies, however, have attempted to estimmate risk aversion in con-
stant relative risk aversion models. Friend and Blume [10] and Friend and Has-
brouck | 11§ estimate relative nisk aversion for wealth, obtaining values near 2.0
and 6.0. respectively, depending on what is incleded immwealth. (Risk aversion
for consumption and wealth are equivalent in general only for single period
models). Grossman and Shiller (18], assueming a perfectly predictable stock mar-
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ket in a consumption mode |, suggest that relative risk aversion is aboat 4.0 Hail
‘M) obrains values ranging from —13.3 0 25,6 using annual 1953-1979 con-
sumipdion, Hansen and Singteton [211 obtain point estimates of relative risk aver-
saam between (16 and 4,11, The latter two studies employed econometric meth-
oels similar to those in the present paper. Ferson [8] derives inditeet estimates
gving the same data as in Table 5. These estimates are based on moments condi-
sienal on subperinds and donot rely on the validity of the lotecusting equations
A5 do the constrained estimates. These poind estimates were 1.2 and 1.6, Brown
and {ibbens [4] estimate relative msk aversion using noolimear technigues with
Jnconditional momenes of stock returns. Their tange of estimates is .09 to 7,29,
Il is interesting thar in several of these studies the reported prectsson of the rigk
JvrEiLn estimates was quite high. yet the differences in the values using differ-
ent methedologies are often large.

Apparently, a precise determination of aggregale risk aversion is difficull 1o
uhiain, based pn the range of estimates in the literature and the cstimates for both
absolute and for relative risk aversion o Table 5, To obtain a feel for the eco-
nemic difference in these estimates, one can approximately interpret the magni-
wide of relative risk aversion in terms of timeless pamblas for real constumption o
which a hypothetical individual would be indifferent. Pratt {35] showed that an
ndividual would be indifferent between a coin toss over o fraction of current
CUMSUmpPLION versus paying ao 2 2 of current consumption to avoid the gamble,
where o i5 the coefficient «of relative tisk aversion. For example, with ¢ = 1.0
ithe log otility), a person would pay up to (003 percent of current consumption to
avold an even wager over 1 percent. A constant reladve risk-averse individual
with ¢ = 3 wounld pay up to 2.5 basis points.

V], Conclusions

The empirical results indicate the existence of changes in expected teul re-
lumms ta three-month Treasury bills, but do not strongly reject that expected real
per Capila consumption changes are constant, The evidence against the cross-
cyuution restrictions implied by the asset pricing models was slightly stronger, as
might be expected. when constant absodute risk aversion is assumed instead of
constant relative 1isk aversion, The data do oot appear consistent with the hy-
pothesis of aggrepate risk neutrality and there is no strong evidence that expecoed
real retums on bonds Huctuate with changes in mean consumption growth rates,
These results impdy that chunges in consumption betas must be important if con-
sumption-based asset pricing models ane 1o provide a useful characterization of
tie hehavior aver time of risk premiums associated with inAaton.
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Summary Sample Stalistics” _
(Quartsrly Data (1847-1280) 135 Ohservations)

Samole Autocorrelaions

Hereg htean STODEY r I 3 o o f2 5 o
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18e8y 02 100 f2 va gz 27 —03 16 04 % 235
A GEAV 248 2.8B 01 11 —10 0@ —14 05 04 A3 am
oS 253 052 a5 ©E 94 o A0 87 85 B2 9300
ANOS 113 208 08 -3 i 15 02 —03 02 -0 A
AANDS 18 303 0z —o0 OB 06 -08 —£3 04 -07 I3
oX G304 a5 o5 94 01  BA 85 B2 .79 EORL
0K ap: 002 —18 07 01 -07 05 —02__12 -148 D
oF 408 262 91 85 B0 74 EB5 58 53 4B GEED
ARF oE) 072 ™ _73 .02 o5 03 —18 -6 14 T
NE 280 327 85 80 53 a8 32 23 19 22 2030
S INF 004 273 _d45 03 08 09 04 0B 10 O 3
ETT, ad0  ZBE0 5 10 .03 A0 -0f -06 -14 01 43
A, Dea 254 a0 34 24 iz 08 -06 —O08 06 G510
38, ans  z75 .47 b4 03 -08 05 -DB —12 03 34
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- TARLE 7

Sample Correlation Matrix*
{Quarterly Dala 1947-1980)

H.2 ox A1 A1 Ald-2 Ci-1 INF Al
32 1.000
ox ngen  .oog
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=y 004z 0215 G028 Q338 04 02N -2.270 1000
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Air NS 0581 0A7s 0248 0188 O0F9 Q097 Q120 0175
ArAON-Z 0147 o099 O0el 0032 Q148 008D 0.040 0057

-2 = fhE-7 anCH ANGE INEZ AlnNDSE AnMNON
-2 1.00¢

A 2038 1000
INE- T 0.626 020 1.000
AN Qoesz G188 9232 1000
CANDE 0178 0187 0165 04880 1.000
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