
Nai-Fu Chen
University of Chicago

Richard Roll
Unher.iily ofCalifornm. Los Â ĵ Wf.v
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I. Introduction

Asset prices are commonly believed to react sen-
sitively to economic news. Daily experience
seems to support the view that individual asset
prices are infiuenced by a wide variety of
unanticipated events and that some events have
a more pervasive effect on asset prices than do
others. Consistent vv'ith the ability of investors to
diversify, modern financial theory has foeused
on pervasive, or ''systematic," influences as the
likely source of investment risk.' The general
conclusion of theory is that an additional compo-
nent of long-run return is required and obtained
whenever a particular asset is influenced by sys-
tematic economic news and that no extra reward
can be earned by (needlessly) bearing diversifi-
able risk.

" The authors are gralefu! to their respective universities,
to the Center for Research in Security Prices, to the National
Science Foundation for research support, and to Ceajer Chan
for computational assistance. The comments of Bradford
Cornell, Eugene Fama, Pierre Million. Richard Sweeney, and
Arthur Warga were most helpful, as were Ihe comments of
participants in workshops at Claremont Graduate School,
Stanford University, the University of Toronlo, the Univer-
sity of CaliCornia. Irvine, the University of Alberta, the Uni-
versity of Chicago, and unknown referees. The University of
British Columbia provided a stimulating research environ-
ment where part of the first revision was written during Au-
gust 1984.

1. For example, ihe APT (Ro.ss 1976) and the models of
Mertoni 1973) and Cox, Ingersoll. and Ross (I9fi5) are consis-
tent with this view.
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This paper tests
whether intiovations in
macroeconomic vari-
ables are risks that are
rewarded in the stock
market. Financial
theory suggests that
the following macro-
econotnic variables
should systematically
atT̂ "ect stock market
returns: the spread
between long and short
interest rates, expected
and unexpected infla-
tion, industrial produc-
tion, and the spread
between high- and low-
grade bonds. We find
that these sources of
risk are significantly
priced. Furthermore,
neither the market
portfolio nor aggregate
consumption are priced
separately. We also
find that oi! price risk
is not separately re-
warded in the stock
market.



The theory h'd>, been silent, liowevci". aboiK vvlych cvenis ai'e likely
to y^Hiicncc ail assets, A rather emharrassing gap eKists between Use
Hieoreueally exclusive mipoiiaiice ofsystcniatic "siale variables" aiki
OU]' ccHiipk'le ignorance of their ideoiiiv. The comoveioeois ol asset
prices suggest the presence ofuntleriying exogenous inOiieoccs. hui we
have not vet dcleroiined whieh economic varuibies. (faiiy, are re^po[^
sihie.

Our papei" is an exploration i>f this ^deiitiiication leiTaio- in Section
II, \ve eniploy a simple theoretiea! guide- to help choose iikely eai^di-
daies for pervasiw ^late variables. In Seetieni III we yilrodiiee Ihe tiata
and explain ihe [echniques used to measure iinanhcipaied iiiovemenis
in the proposed stale variables, Scetiori IV invesiigates whethei' expo-
suie lo sysleniadc state variables explains ex pee ted reliirns. As
specific aitcrnatives to the pricing inlluenee of the state variable^
identified by our simple theoretical model, SeeluH? IV eonsnk'rs fhc
value- aiid the equally weighte<-l market !n<iices. ao mdex of real con-
sumption, and ad iodex of oi! prices, Faeh of these is iound to be
uniniporiaot fisr prienig when eompared with ihe identified eci^iomse
sfate variables. Section V hriellv summarizes our tindiogs and ssiggesis
sonie direetioi^s for future researcts-

II. 'rht'ory

No satisfactory theory wouki argue that the jelaiion between linaiieiai
nsarkels and the oiaeroeeononiy is enlireK io ooe direction- Htsvvevei.
sioek priees are iisuayy eonsidered as responding to c\teniai forces
leves* though !hev may have a feedback on the ofher variablesi. It is
apparent Ihat all ceonofvyc variables are eritiogenous va svnue uUioiatc
sense. Only nalural forces, such as syperi^ijvas, earthquakes, and ihc
like, are Hiily exogenous \v the work! ceoiKHin, bui lo base aa assei-
prieiog nu>del on these systcmalic physical i'actors is well beyond our
current abiHties. Our preseni goal is mereK to model equiu returns as
funetions «>f niacri) variables aod nonequity ;issei I'eturiis. Hence th!>.
paper will take tfie stock market as endt'geuuns. selalive to odier mar-
kets

By She tfiversiiieation argument that is implicil in capita] luarket
theory, on!>' general ecorfomie state varirsbk's will intliienee the pricing
of hu"ge stock market aggregates. An>' systematic variables that afiect
the economy's pricing i>perator or ihat inlluence dividends w'luikl also
inilueoce slock market i'eturns. Additionally, any variables that are
necessary to complete the description of the suUe of na!iu-e wiHaisobe
part of the description of the systematic risk laelors An cxauiple of
such a variable woukI be one tha; has na direel iulluenee on laui'cnl
cash flows but thai tk>es describe the changing Investmetil opporUuiiiy
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Stock prices can be written as expected discounted dividends:

£(<•)

<"
where c is the dividend stream and k is the discount rate. This implies
that actual returns in any period are given by

dp ^ _<_ ^ djEjc)] _ dk_ ^ c_ ^
P P E(c) k ~p'

It follows (trivially) that the systematic forces that influence returns are
those that change discount factors, k, and expected cash flows, £(f).-

The discount rate is an average of rates over time, and it changes
with both the level of rates and the term-strttcture spreads across dif-
ferent maturities. Unanticipated changes in the riskless interest rate
will therefore influence pricing, and, through their influence on the time
value of future cash flows, they will influence returns. The discount
rate also depends on the risk premium; hence, unanticipated changes in
the premium will infltience returns. On the demand side, changes in the
indirect marginal utility of teal wealth, perhaps as measured by real
consumption changes, will influence pricing, and such effects should
also show up as unanticipated changes in risk premia.

Expected cash flows change because of both real and nominal
forces. Changes in the expected rate of inflation would influence nomi-
nal expected cash flows as well as the nominal rate of interest. To the
extent that pricing is done in real terms, unanticipated price-level
changes will have a systematic effect, and to the extent that relative
priees change along with general inflation, there can also be a change in
asset valuation associated with changes in the average inflation rate.
Finally, changes in the expected level of real production would affect
the cunent real value of cash flows. Insofar as the risk-premium mea-
sure does not capture industrial production uncertainty, innovations in
the rate of productive activity should have an influence on stock re-
turns through their impact on cash flows.

HI. Constructing the Economic Factors

Having proposed a set of relevant variables, we must now specify their
measurement and obtain time series of unanticipated movements. We
could proceed by identifying and estimating a vector autoregressive
model in an attempt to use its residuals as the unanticipated innova-

2. Stnce we are only concerned with intuition, we are ignoring the secottd-order terms
frotn Ihe stochastic calculus in deriving eq. t2). .Mso ttolice that the expectation is taken
with respect to the tTtartingale pricing measure tsee Cox et ill. 1985) and not with respect
!o the ordinary probability distribtition.



lions in Ihc economic liiclors, il is. however. inoi'C inleresiing and
(pciiiaps) rolHisl oiii of sample to employ iheory io linil single equa-
lions Ihal can be estimalcd iliivcliy. In particulai, since iiMMilhly rales
of return aic nearK scriall>' uneorfdaleil. they can be eiupioycd as
innovations withool allefatian. The general impaci ol u ladure ade-
quately to iihei" out the expcctcil movement in an independent variable
is to introduce an crrors-in-variabics problem, 'tins has lo be iradcd olf
acainsl the error inirodueeii by iiiisspeeilicalion of the eslimatcd equa-
tioii lor dclerinining the e\pecle<l nioveoienL

.A somewhat subtler version of the same problem arises wiih proee
ilures siich as vector iiiitorcgression Any siieh statistically based tiiiie^
series approach will find lagged stock market reuirns having a signiti-
eanl prcdielivc cdiitenl for niaeroeconoinie variables. Iu the analy^is of
piiemg. Ihen. we will indirectly be using lagged stoek market variables
10 explain Ihe expected returns i>n portfolios of stoeks. Whatever
economeirie advanlages sueh an approach niighl offer, it is aniUhebeal
10 Ihe spirit of Ihis investigation, wliich is to explore ihe prieulg in-
flsiencc of exogenous niacroeeonomie variables. bi>r this reason, as
maeh as for any olhci. we have chosen lo follow ihe smipiei rouU: in
eonslrucling Ilic time scries w'C u s e '

Throughoiil Ihih paper we adop! the eonveniion that time subscripts
apply to Ihe end of ihe lime period. The standard period is 1 month.
Thus. /:.•( I 11 denotes the expeclation operator at Ihe end of month
f 1 conditional on the information sci available al Ihe end of nioitrh i

1. and Xit) denotes the value of variable ,V in nioulh t. or the growth
that prevailed front the end of / I lo the end ol /.

A. Indiixtriiil I'mliiciiiin

1lic basie scries is Ihe growlh rale in L'.S. industrial prodnetion. Il was
obtained from tlie .V»rvev of( iirrcnl llusiiii'si. itUHl) denotes the late
of industrial nrodtietion in month l. Ihcn the nionthlv growth rate is

MPi/1 - log,. IFlO IPlf

and the ycaiiv g[s

YPl,') ^ log, IPI/l - log, IPl,' 121 '•!)

(see table 1 for a sunrmary of variables!.
Because lP l / l aetually is the ll<ivv of indiislrial produelion during

month ;, MP(f) measures the ehaiige in industrial produetiou lagged by
al least a partial month, l o make this variable eonleinporaneous with
olber series, subsequent slalistieal work will lead il by 1 monlh. Except
lor an annuai seasonal, il is nois\ enough lo be treated as an in-



TABLE 1

Symbol

Forces and the Stock Market

Glossary and Definitions of Variables

TB

LGB

Baa

EWNY

VWNY

CG

OG

Variable Definition or Source

Inflation

Treasury-bill rate

Long-term governmeni bonds

Industrial production

Low-grade bonds

Equally weighted equities

Value-weighted equities

Consumption

Oil prices

Log relative of U.S. Consumer
Price Index

End-of-periocl return on I-month
bills

Return on long-lerm government
bonds (1958-78: Ibbotson and
Slnquefield [19821: I979-83'
CRSP)

Indusfnai production during
month {Survey of Current Busi-
ness)

Return on bonds rated Ban and
under(1953-77: Ibbolson
[1979], constructed for 1978-
8.1)

Return on equally weighted port-
folio of NYSE-listed stocks
(CRSP)

Return on a vaiue-weighted port-
folio of NYSE-listed stocks
(CRSP)

Growth rate in real per capita
consumption (Han^en and Sin-
gleton 11982): Surve\- ofCw-
reni Business]

Log relative of Producer Price
Index/Crude Petroleum series
(Bureau of Labor Statistics)

MP(;)

YP(/i

HIHOI
UllO
RHOdl
DEKn
URP(/)
UTSO)

Deri

Monthly growth, industrial
production

Annual growth, induslria! pro-

Expected intlation
Unexpected inflation
Real interest (ex post)
Chatlge in expected inflation
Risk premiurtt
Term structure

ved Series

log,dP(n/lP{/ ^ m

log,.(IP(n'lP(; - 12)1

Fama and Gibbons (i9K4)
I(/) - E|I(()|/ - 1]
TB(/ - I) - 1(0
E(l(/ H l)|/| - E|I(O|( -̂ 1)
Baa(r) - LGB(n
LGB(/) - TR(( - 1)

The monthly series of yearly growth rates, yP(/), was examined
because the equity market is related to changes in industrial activity in
the long run. Since stock market prices involve the valuation of cash
tiows over long periods in the future, monthly stock returns may not be
highly related to contemporaneous monthly changes in rates of indus-
trial production, although such changes might capture the information
pertinent for pricing. This month's change in stock prices probably
reflects changes in industrial production anticipated many months into



the t'uliHC, Thcixioi'C, subsequent slalisljca! work wi!! lead this \'aii-

uhie by 1 year, shnihy to the variable used in I-~a»)a (I^^HIi,

Because of (lie overlap in the series, YPlf) is hi,i;hly aulocorrelaled,

A proet'Llurc xvas developed [or forecasting expeelcil YPi / J and a series

of uoantieipa(ed ehan^es in \ ' P E / L arsd eiiaoges in die expeclatioo ilscH'

u e r e examined idr Uieir inliueatec on pricing, I'he resliltiim series of-

feared no diseernible advantage over die r:ivv pit^duclion series, aoil as

a eonseqneoce, tlie\' llave been droppe,d from die unalvsis, '

/ ; , Inl'lulum

U o a n t i e i p a l e d iof ia lK 'n ss d e f i n e d a s

Vlii) - lit) - H | l ( / ) i i i i , 1^1

w h e r e I d ) is t h e i "ca l i / ed inor i t t iK ' firsf d i f f e r e n c e in d i e l o i i a r i t h m i)f i h e

C o n s u m e r I ' r i c c I n d e x for p e r i o d /, T h e s c r i e s of e x p e e l e d m l k u i o n ,

\-\Ul)\l \\ for I h e p e r i o d l 9 s , s - 7 8 , is o b t a i n e d f r o m l-'ania a n d Ciih-

P o n s (19X4), If RI 1 0 ( 1 ) d e n o t e s ( h e e \ p o s ! re.il r a t e of iolcrCNl app l iea , -

b l e 111 p c i i o d I a n d T B ( / •- H d c i i o i c s I h e T r e a s u r y dul l r a l e k i i o v u i a!

d i e e i id o f p e r i o d / - I a n d a p p l y i i w l o p e r i o t i i. d i e n 1-isliei"-. e q u a t i o n

,a s sc r ! s t ha (

I 'B i / I) - H [ R H ( , M r ! i / II - KiUO! - Ih d. i

i l e i K e , I 'Bt : i l M ; I i-.-iL-asiire-. She ;;<, |«is( rea l r d i i r a a n I re,!s,,.- ',

a n d f l i b l - o n s ! l')K4i , , o r . ' . i n i e k \ l ,! diiiC s e r i e s !,ir i ' | k i i O i ,• ; ,' 1;, •, Ur-

e x p c c t e d inHuti<,>ll v , ! r i a b l e I-, d e i . n e d b i s a b l r a e l w u ; i ' le i i : i i ;a ; -aa-ics

h ' l d i e e \ [ " iee(ed r e , e r a t e f r o m d i e 'I'W.: \ • - e n e -

- \ n o t h e j i n i l a r u i h ••ari , tble ih,ti "-• !niLn!Mesp,i(ed a i id ',h,ii rii[,L',i!l Sia^e

a n : n t U i e n e e sep,:K>;^le f r o m I I i-

n r i u , l a i " i v : i\V.! •:• '••>

( h e v l i a r ige pn e \ p e c ! c J i n l b e i . m . W e sa l" .C ' -n i ; d i ; s w a i a b l e \ i ' d> / ^ i n ^ c

M ,: u n n n n u p i c ! a n k s L n v n ai ttw e n d o( i i w n l h ; I W L i l e , ^ i n c i ) . ,

^ :peak i im, i i F l i i ? n e e d n o t h , -^e n"ie,in ,''er!», ,iiKie; she ,a id i ( io i i , i : ,L''-

• - i impl ion d i a l e \ p c c ' c d i n l l a f i o a U'ilov, ^ , ; /e , , i i i jngale d n s \ a i ! a r ! i e :"eay

[ic i r e a l e d a s ,ui H!r.o\ a d o i i , , a i d a niae, e o n ( a : n i n l o r n L i i i o n n o i p r e - . e e :

in d t e I d v a r i , i h i e , 1 l l i - i v o u i d oe i , i i r ' v h c n e i e l i ^ l l i d o i , ! o i e c a - - : s ,<:,•

n i ' l u e i K e O o". e e . m o n i i c !,ic(>irs o t h e r i ' , , in p a a ! i o ; e c a s ( , n L ; e n o r , ,

i N o l i e e I h a l d i e T l s e , l e s a n d (he l )p , l s c i l e - . Vvin e o i i l a m d i e i l l l o n i ' a -

t io i i ai a s e r i e s of n m o v a i i o n s in t i ie ' loi i i i j tal t i u e r c s ^ r ; \ ; e , [ !', '•
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C. Risk Premia

To capture the effect on returns of unanticipated changes in risk pre-
mia, we will employ another variable drawn from the money markets.
The variable, UPR, is defined as

UPR(() = '"Baa and under" bond portfolio return (() - LGB(r), (8)

where LGB(() is the return on a portfolio of long-term government
bonds obtained from Ibbotson and Sinquefield (1982) for the period
1953^78. From 1979 through 1983, LGB(r) was obtained from the Cen-
ter for Research in Securities Prices (CRSP) data file. Again. UPR is
not formally an innovation, but, as the differences in two return series,
it is sufficiently uncorrelated that we can treat it as unanticipated, and
we will use it as a member of the set of economic factors.

The low-grade bond return series is for nonconveitible corporate
bonds, and it was obtained from R. G. Ibbotson and Company for the
period prior to 1977. A detailed description of the sample is contained
in Ibbotson (1979). The low-grade series was extended through 1983 by
choosing 10 bonds whose ratings on January 1966 were below Baa. By
1978 these bonds still were rated below Baa, but their maturity was
shorter than that of the long-term government bond series. These 10
bonds were then combined with three that were left over from the
Ibbotson series at the end of 1978 to create a low-grade bond portfolio
of 13 bonds in all. The returns on this portfolio were then used to
extend the UPR series beyond 1977 and through 1983. Two further
difficulties with the series are that the ratings have experienced consid-
erable inflation since the mid-1950s and that the low-grade series con-
tains bonds that are unrated.

The UPR variable would have mean zero in a risk-neutral world, and
it is natural to think of it as a direct measure of the degree of risk
aversion implicit in pricing (at least insofar as the rating agencies main-
tain constant standards for their classifications). We hoped that UPR
wotild refiect much of the unanticipated movement in the degree of risk
aversion and in the level of risk implicit in the market's pricing of
stocks.''

D. The Term Stritetitre

To capture the influence of the shape of the term structure, we employ
another interest rate variable,

UTS(r) = LGB(M - TB(/ - 1). (9)

6. tt could be argued Ihal UPR captures a leverage effect, with highly leveted firms
being associated with lower ratitigs. Ftirtbertnore. UPR is also similar lo a meastire of
equity returns since a substantial portion of the value of low-grade bonds comes from the
same sort of call option (behind secured debo as for ordinary stock.



j,,(, .lounial of l>u»im-s.<

Attain, yruier (he appropriate form of risk neulraist).

EiUT.S(/li 11 0, (10!

and this variable can lit- thoiighl of as measuring the unanlicipatcil
return on long bonds, 'Hie asMimptioii of risk nciilrality i.-~ i.ise<l imly u>
isolate the pure terni-strueiure effeels; Ihc variable UPR is used k>
eaplure die cflce! of elianges iii risk avorhiori.

/;'. Murkcl InJi, r\

riie majoi llirusl of oiir effort is lo examine the relation between non-
equity eeononiie variables aiKi s(oek rctyiiis. ilowever. i^eeausc vA Ihe
smoothing: and averaging eharaeleristies of most niaero'eeoisomie rane
seiies. in sliori holding perauK. such as a smgle moiult, these series
eannol be expected to eaplure all the informalion available k> (lie aiar̂ '
ket in the same period. Stoek priees. on the oJhei hand, respond verv
i|iiicklv IO piihlie information. The elTeet of Ihis is Ui guarantee thai
markei retnrns will l)c, at besi, weakly relaleil and ver.v noisy relative
10 innovations in niaeroeeoniaDie luelors

lliis should bia^ our results in I'avor of finding a stronger linkage
between the lime-series relnnis on inarkct indices and olher portfolios
of sioek return-, than between these porlfolio returns and liinovauons
in the iiiacro variables, 1\) examine the relative pricing iiiduenee of liie
traditional markel indices we used Ihe following variables

i-WNYl/t ^- rc.umi on ihe ei|uallv wciuhled NYSi; aides:
(ill

VWN'^'iri " return on the vaiue-w-cighled MYSli index.
These variables shouki relied bolh Ihe real mformation in the ii«lns

trial production scries and the nominal infiuenee of ihe Inflation vari
ables.

In addilion to ihe niaero variables diseussed above, we also exa.mined a
time series of percentage changes in real consumption. f G . Tlie series
is In real per capita terin> anil ioelndes seiviec fiow^s. It was eon-
>(rueled by dividing the CITIBA.SI-: series ol' seasonally adjlisied leiil
consnmption (exeliidmi! durahlesi bv the ISureau of t 'ensus'r . montllK
popnlatioii eslini.Ues. fhe Cil series extends from .lanuarv 19.̂ *-) tii
Deeember IVii.i. and it is an exlcnsion of a scries obtained from Lars
Hanscn foi Ihe period Ihrough l')79. A detailed deseriplkm of its eon
vfruetion erui be found in Hansen anti .Singlelon dV^H3K

(;. Oil I'm:,. ••

11 IS often argued Iliat oil pnees must be meluded in any lisl of Itie
syslemalie faeuirs that intlueiice stoek niaikct relnrns and prieing To
lest ihis proposition and !o examine another altenmlive U- ihe ai.iero
valiable^ discussed above, we formed Ihe OU scries of leali /ed
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monthly first differences in tiie logarithm of the Producer Price Index/
Crude Petroleum series (obtained from the Bureau of Labor Statistics,
U.S. Department of Labor, DRl series no. 3884). The glossary in table
1 summarizes the variables.

H. Statistical Characteristics of the Macro Variables

Table 2 displays the correlation matrix for the state variables. The
correlation matrices of table 2 are computed for several different pe-

TABLE 2 Correlation Matrices for Economic Variables

Symbol EWNY VWNY MP DEI Ui

A. January 1953-November 1983

VWNY
MP
DEI
UI
UPR
UTS
YP

VWNY
MP
DEi
Ul
UPR
UTS
YP

VWNY
MP
DEI
UI
UPR
UTS
YP

VWNY
MP
DEt
UI
UPR
UTS
YP

Noii.-
weighted
expected
(Baa and
term strtt

.9i6

.iO3
- .163
- .163

.105

.227

.270

.930

.147
- .130
- .081

.265

.iiO

.260

.883

.022
-.314
- .377

.341

.2i7

.335

.937

.092
- .143
- .055
- .275

.424

.269

-VWNY = r
NYSE index
inflation; UI
nnder retnm
ctnre (lotig-tet
dustrial piodn

.020
- .119
- .i 12

.042

.248

.270

B.

.081
- .122
- .021

.214

.108

.238

C.

- .118
- .263
- .352

.231

.313

.361

D.

- .010
- .073
- .024
- .319

.431

.261

eturn on the yalti
; MP = monthb
= unanticipated i
- long-term govi

.063
- .067

.216
- .159

.139

Jantiary

.020
- .203

.213
- .059

.128

January

.004
- .004

.227
- .350

.107

Jatiuary

.169

.168

.248
- .277

.193

e-wetghted
' growth ra

.378

.266
- .394
- .003

.018
- . 1 0 3
- .005

i953-Decetnber 1972

.388

.068
- .210
- .013

- .072
- .041
- .032

1973-Deccmber 1977

.505

.032
- .280
- .124

1978-No.

.375

.458
-.512

.053

NYSE ind
te in indu;

nilation; UPR = nnan
;rnment boi

rm government bond return
ction.

id return);

- . 2 8 9
.026

- . 3 3 4

rettiber 1983

2.59
- . 2 3 9

.247

ex; liWNY '
strial protiuctic
ticipated citang
UTS = unanti

- Treasury-biil rate); and

- .752
.113

- .688
.128

- .554
.221

- .890
.018

return on the ei
n; DEI -. char
e in the risk pre
eipated change
YP - yearly gi

.099

.063

.174

115

dually
ige in
mium
in the
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riods; part A covers the entire 371-month sample period from January
1953 through November 1983, and the remaining parts cover three
subperiods. with breaks at December 1977 and January 1973. We have
broken the sample at this time beeause it is often argued that the oil
price jump in 1973 presaged a structural shift in the macro variables.
(The work of Litterman and Weiss [1983] supports this view, but,
although we have performed no formal tests, the correlation matrix
does not appear to differ markedly across the subperiods.)

With the exception of the market indices, the strongest correlation
is between UPR and UTS. This is to be expected since they both use
the long-term bond series, LGB(/). The resulting collinearity tends to
weaken the individual impact of these variables. Substituting an Aaa
corporate bond series for treasuries in the definition of UPR did, in
fact, improve the significance of both UPR and UTS, but the improve-
ment was not sufficiently important to make a qualitative diffetence in
our findings.

The production series, YP and MP, are correlated with each other
and with each of the other variables except DEI and UI, which are also
strongly correlated. These latter two series are correlated because they
both contain the EI(/) series, and the negative correlation between
DEI and UTS occurs for a similar reason. A number of other correla-
tions are not negligible, but the variables are far from perfectly cor-
related, and no one variable can be substituted for any other.

Table 3 displays the autocorrelations for the state variables com-
puted over the entire sample period, January 1953-November 1983,
There are no surprises here; as expected, YP is highly autocorrelated.
The variables generally display mild autocorrelations, and many of
them have seasonals at the 12-month lag. The MP series, in particular,
has a peak in its lag at 12 months (repeated at 24 months), warning that
this variable is highly seasonal. As noted above, the autocorrelation in
the state variables implies the existence of an errors-in-variables prob-
lem that will bias estimates of the loadings of the stock returns on these
variables and will bias downward estimates of statistical significance.

IV, The Economic State Variables and Asset Pricing

A. Basic Rcstdts

Usmg the state variables' defined above implies that individual stock
returns follow a factor model of the form

7. We did the following experimem to find out if asset prices do. in fact, react to news
associated with our proposed economic slate variables. We firsi extracted Ihe most
important slock factors (common covariations! during Ihe period 1953-7^ using the
Chen {t983) algorithm. Five factors were chosen on Ihe basis of previous empirical
studies (see Roll and Ross I'JSO; Brown and Weinstein 1983). The factors can be thought
of as portfolios constructed to capture the common movements in stock market returns
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Table 4 reports the results of these tests on 20 equally weighted
portfolios, grouped according to the total market values of their con-
stituent securities at the beginning of each test period. Each part of
table 4 is broken into four subperiods beginning with January 1958, the
first month preceded by the requisite 60 months of data used to esti-
mate exposures. Part A of table 4 examines the state variables, YP,
MP, DEI, UI, UPR, and UTS. Over the entire sample period MP, UI,
and UPR are significant, while UTS is marginally so. The inflation-
related variables, DEI and UI, were highly significant in the 1968-77
period and insignificant both earlier and later. The yearly production
series, YP. was not significant in any subperiod. and. as can be seen
from part B, deleting it had no substantive effect on the remaining state
variables. Although the coefficients have the same signs as in the over-
all period, they are generally smaller in absolute magnitude and less
significant in the last subpeHod, 1978-84."

While we have not developed a theoretical foundation for the signs
of the state variables, it is worth noting that their signs are, at least,
plausible. The positive sign on MP refiects the valtie of insuring against
real systematic production risks. Similarly, UPR has a positive risk
premium since individuals would want to hedge against unanticipated
increases in the aggregate risk premium occasioned by an increase in
uncertainty. Since changes in inflation have the general effect of shift-
ing wealth among investors, there is no strong a priori presumption that
would sign the risk premia for UI or DEI, but the negative signs on the
premia for these variables probably mean that stock market assets are
generally perceived to be hedges against the adverse influence on other
assets that are, presumably, relatively more fixed in nominal terms.

As for UTS, the negative risk premium indicates thai stocks whose
returns are inversely related to increases in long rates over short rates
are, ceteris paribus, more valuable. One interpretation of this result is
that UTS measures a change in the long-term real rate of interest
(remember that inflation effects are included in the olher variables).
After long-term real rates decrease, there is subsequently a lower real
return on any form of capital. Investors who want protection against
this possibility will place a relatively higher value on assets whose
price increases when long-term real rates decline, and such assets will
carry a negative risk premium. Thus, stocks whose teturns are cor-

level of the «ock price. These efforts were not successful. The first two of (hese grouping
techniques failed completely to spread portfolio returns out of sample and had lo be
discarded. Grouping by the level of the slock price did spread returns, although not as
well as did size, but Ihe state variables were Ihen individually only marginally significant,
and the market indices were of no significance, the sensitivily of the results to different
grouping techniques is an important area for research.

9. This subperiod had only about two-thirds as many observations as did the firsi two
subperiods.
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related with long-term bond returns, abstracting from unanticipated
changes in inflation or in expected inflation and holding all other char-
acteristics equal, will be more valuable than stocks that are uncor-
related or negatively correlated with long-term bond returns.

To test the pricing influence on the market indices, EWNY and
VWNY were added to the set of state variables (actually, they were
substituted for YP). It would not be inconsistent with asset-pricing
theory to discover, for example, that the betas on the market portfolio
were sufficient to capture the pricing impact of the macroeconomic
state variables, and it would certainly rationalize past efforts that have
focused on examining the efficiency of a market index. In some sense,
then, an important test of the independent explanatory influence of the
maeroeconomic variables on pricing is to see how they fare in direct
competition with a market index.

Parts C and D of table 4 report the results of such tests. Using the
EWNY as a substitute for YP and including MP, DEI, UI, UPR, and
UTS, we find in part C that the market index fails to have a statistically
significant effeet on pricing in any subperiod. On the other hand, the
original macroeconomic variables have about the same significance as
they did in part B. Nor are these results affected by the choice of
market index; part D of table 4 reports similar results when using the
VWNY. '

By contrast with the tests reported in table 4, table 5 reports on tests
that purposely have been designed to enhance the impact of the market
indices. The tests discussed above were --fair" in the sense that the
time-series regressions that measured the betas and the subsequent
cross-sectional regressions that estimated their pricing influence gave
each variable an a priori equal opportunity to be significant; that is, the
design treated the variables in a symmetric fashion. The tests reported
in table 5 are asymmetric in that they are weighted a priori to favor the
market indices.

The tests in table 4 can be inteipreted from the perspective of the
arbitrage pricing theory. They are tests of whether the set of economic
variables can be usefully augmented by the inclusion of a market index.
In this sense they are tests of whether the market contains missing
priced factors or, alternatively, whether the factors fail to have pricing
significance as against the market. The tests in table 5 are best inter-
preted as tests whose null hypothesis is the CAPM, or, rather more
simply, the efficiency of the index. If the index is efficient, then the
factors should not improve on its pricing ability. Of course, all these
interpretations are subject to the caveat that the factors may only help
to improve the estimate of the "true" market portfolio either by ac-
counting for missing assets or through their correlations with measure-
ment errors in the market beta estimates.
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appear with a negative sign, and a comparison with part B of table 4
reveals that neither the coefficients nor the significance of the factor
betas is altered substantially by the inclusion of the market index. (The
results for the EWNY were essentially the same.)

Part C of table 5 reports on a final test in which, instead of estimating
the index betas for the VWNY in the same fashion as for the other
variables, the estimates were obtained from a single multiple regres-
sion that was run over the testing period from 1958 to 1983. The result-
ing market-index beta estimates were then used in each of the cross-
sectional tests along with the betas for the other variables. The betas
for the other variables were estimated as before, from time-series mul-
tiple regressions. (The betas for variables other than the market index
came from part D of table 4.) It was thought that using the index-beta
estimates from the testing period would lessen the ability of the other
variables to show up as significant in pricing merely through their
correlation with measurement errors in the index betas. Once again,
the market index was insignificant overall, and the other variables were
unaltered by its inclusion. The results for the EWNY were similar and
are not reported.

The insignificance for pricing of the stock market indices contrasts
sharply with their significance in time series. In the time-series regres-
sions, EWNY and VWNY were by far the most statistically significant
variables. For example, the average r-statistics for EWNY ranged be-
tween 11.7 and 29.9 over the 20 portfolios. The largest /-statistic for
any other variable was only 3.4 when the indices were not included (for
UPR and the smallest portfolio), and this fell to 2.5 when the VWNY
was included, and most were considerably smaller. Although stock
market indices "explain" much of the intertemporal movements in
other stock portfolios, their estimated exposures (their betas) do not
explain cross-sectional differences in average returns after the betas of
the economic state variables have been included. This suggests that the
"explanatory power" of the market indices may have less to do with
economics and more to do with the statistical observation that large,
positively weighted portfolios of random variables are correlated.

B. Consumption and Asset Pricing

Because of the current interest in consumption-based asset pricing
models, we also examined the infiuence of the real consumption series.
In a one-good intertemporal asset-pricing model, assets will be priced
according to their covariances with aggregate (marginal utility of) con-
sumption (see Lucas 1978; Breeden 1980; or Cox et al. 1985). There is
nothing in this analysis that requires that consumption represents any
particular state variable, and, in fact, the model is consistent with
multistate descriptions of the economy. As a consequence, consump-
tion-based theories predict that, when factors that represent state vari-



ables arc included along with consumption, they will be rcie*-'teil as
having ao influence on pricing,

î iU fonnally. ;hc consumption beta theoricN argue that

vvhcfc ll" r î  Ihc vecJof of excess fcturns, A is a risk-preiiiiiiin
measure, and h, is the vector of Ci>nsunipUon betas. Hie uiluilion of
the theory is tisat iiidividuals will adjusl iheir iiUeiieinpoial ciinsuoip-
tion sfreanis so as to hedge against changes ui the opportuiiitv set. In
cquilibniim, assets llrM OKive with eoiisumption,. that is. assets for
which if,. :•• (K will be less valuable than will those that can insure
against advei^c movements in consomption, that is, those lor whici) h,-
•• i) U follows from risk aversion Iha! the fisk-preiiiium measure, k.
should be postUve.

I'he alternative hypoihcsis ihat we will examine states that

where b is a veelor of betas oo (he econs>nuc stale variables y\e<i
above, and q is the vector of associaJed iisk premia. The null hy-
pothesis itf the consuinption beta uiodels would be thai k ss positive
and that q is zero. Of course, it ean always be argsied Iha! Xlic other
variables piek up change^ in the relaiive priehsg of different consunip-
lioo goods or correct cri'ors in the measot'ement of real consumpuon.
Ahernatively, although our updating procedure is an altcmpl to tleal
With inteitemporal changes in the beta coefficients, it could also be
argued that the factors ctsold be correlateti wiih such changes (see
("ornell | i98l | for a discussion oi'this possibility).

Table 6 reports the results uf Ihese lests using the C<j scries oi real
per capita consumption growth described in Seelion IU Because of
data collectiori timing, the C(j series, like the monthly production
series, MP. nrdx actually measure consumption ehanges with a lag., 'i'o
deal with Ihis problem, wv led the CG series forw-ard by I morUh, 1 ise
results with the contemporaneous (X; series are miifornily less favor-
able for its pricfog niHuence and are not i'eported.
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TABLE 7 Pricing with Oil Price Change

Yeai OG

2.930
(.996)
4.955

(1.978)
1.0.38
(.251)
2.738
(.303)

MP

12.728
(1.406)
14.409

(.921)
4.056
(.296)

22.718
(1.228)

DEI

- .095
(-1.193)

.078
(1.102)
- .223

(-2.737)
-.159

(-.-598)

UI

-.391
(-1.123)

.119
(.204)

-1.269
(-2.975)

.1,34
(.1-56)

UPR

11.844
(4.294)
8.002

(2.604)
16.170
(3.8.39)
11.1.52
(1.465)

UTS

-8.726
(-2.770)
-1.022
( -.421)

- 16.055
(-3.154)
-9.264

(-1.024)

Cotistant

4.,300
(1.340)
2.663
(.5,56)

- 1.344
(-.243)
14.702
(2.240)

N^'^t.—CG - growth rd\E in real ptr i;api(a ci)nsiimp(ion; OG = growth rate in oii prices- VWNV
- return on the value-weighted NVSE index; EWNY - rettirn on the eqttally weighted NYSE itidex;
MP - ttionthty growth rate in industrial produetion: DEI = ehange in expected indation; UI -
un;inttcipated inHation: UPR - unanticipated change in the risk premium (Baa and under return -
long-term government bond retum); and UTS = unanticipated change in the term structure !loug-
term government bond return - Treasury-hii! rate), f-statisties are in parentheses.

Since the CG series begins in 19-59, Ihe tests were conducted only for
the period beginning in 1964, 5 years later. In these tests the consump-
tion betas and the factor betas are estimated simultaneously and then
the risk premia are measured from the cross-sectional tests. Over the
entire period and in no subperiod are the consumption betas significant
for pricing. Furthermore, their signs are negative, and a comparison
with the results of part B of table 4 shows that the coefficients and the
significance of the state variables are unaltered by the presence of the
CG betas.

To summarize the results of this subsection, the rate of change in
consumption does not seem to be significantly related to asset pricing.
The estimated risk premium is insignificant and has the wrong sign,

C. Oil and Asset Pricing

Oil prices are often mentioned as being an important economic factor
even though there is no a priori reason to believe that innovations in oil
prices should have the same degree of influence as, for example, inter-
est rate variables or industrial production. To examine the independent
influence of oil prices on asset pricing, we used the methods described
above to test the impact of the 0 0 series of petroleum price changes.

Table 7 reports on these tests. As with the consumption tests, the
OG series was led by 1 month to enhance its infiuence. The oil betas
were insignificant for pricing in the overall period and in two of the
subperiods. As a comparison with part B of table 4 shows, inclusion of
oil growth did reduce the significance of industrial production, but it
increased the significance of the risk-premium variable (UPR) and the
term-structure variable (UTS), The risk associated with oil price
changes was not priced in the stock market during the critical 1968-77
subperiod, when the OPEC cartel became important (or in the later
subperiods).
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This paper has explored u •,a orecoiHXmit- sialt vanablc> a.̂  svslcmatic
inlltienccs on slock inarkcl rclunis and has eiiariiiiied their influence on
asset prk ing . i-Von) Hie perspeeiive of effieieol-market lhe<^rv and la-
tuinal expcetaliixis iiiSertemponii assel-piieiiig IhcofV (see Cox et al.
19K.M. asset priees shouki depend DII their e.\)X)biires lo (he sSato vari^
ables Ihal dcscnlie Ihe eeoiiomy. ( Ih l s coneliision is eousiMent wiih
the assel^prieing theories tif Merlon |l97.1i. Cox el ai. 1198:^1, or ihe
; \ r r IRoss !')76|.i

In Pan 11 of Ihis paper he used suiiple argumeiils lo elioose
li set oi econoniie ;s(ale variables ihal, a priori, were earuiidaies as
soiirees of svslcmatie asset risk Several of Ihcse eeononiie variables
w\;re lourK.! lo he sigiiifiear)! in e.^plaiiung expeeled sloek i'eiuins, iiio^l
nolably, iiidiislria! produetion, ehariges in Ihe risk premium, iwists in
Ihe yield eiirve, and, soi»ewira[ more v,eakty, measures of luiaau-
cipated intlat.iv>o and ehanges in e.xpeeteil iuOation <1uiiog periods w1reu
these variables were hi.ghiy volatile. We do not elaim. of eourse, !hal
we have e.xliaiisiivelv eharaeieri/ol llie sel of influeniial uiaero vari-
ables, hut the sei thai wa.s elioscii perfomied well against several ulher
poteiilial pricing variables. Perhaps the most sirikiug result is thai even
[h<umh a stoek market index, sueh as the value weighted Nev\ \'ork
Sloek Exehaii,ee index, explains a signilieanl pod ion of Ihe time-series
vaiiabihty of stoek reuirns, i( has .-in insignifieant influenee efii prieing
(i.e., on expeeted reuuiis) when einnpai'ed against Ihe eeononise slate
x'ariabies. We also examined the infiuenee on prieing of exposure to
irmovalions in leal per eapisa eijrisimiplion. These results are quite
disappointing lo e()nsuniptiou based assePprieurg Iheorses: the es)n
sdiuption variable was never signitieanl. I-Vnally, we examined die ini-
paet of an index of oil priee ehanges on asset prieing aod lound no
overall elTeet.

Our eonehision is that st<iek retnrns are exposed lo sysienuitie eeo-
iiomie news, that Ihey are pueed in aeeorda.nee w'idi their exposures,
and Ihal the news can be measured ax innovations in slate variables
whose idenliheation ean be aceoniplished diiough simple and intuitive
tiiiaoeial theory.
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