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Thrg) ghgj+ ~he 1970s and 1980s, , nancial economis~s inves+igased -+he
pricing implica~ions of +he capi*al asse~ pricing model (CAPM) developed &
Sharpe (1964) and Lin*ner (1965) -The ell- kno wh predievion of-+he CAPM 1S
~ha~~he eapecred exmoess. re§ rn on an asse~ eq) als-he covariance of~he re§ rn
on-he asse~ i*h-~he re§ rn on~he marke~ por*foho*lmes*he marke~ price of
risk ~This prlce is+he ra~io ofJ-he empeemed excess rey rn on~he marke~ por*follo
0 ~he variance of ~he re§ rn on-~he marke~ porfolio.- The empeered rey rn
prediesion of *he CAPM can eqj ivalensh be s~a*ed as-~he bera of ~he asse~
~imes-~he empeered excess re:'; rn on-+~he marke~ por~folio,  here~he be+a is+he
covariance of-he asse*’s re§ rn Ph*he re§ rn on~he marke- por~folio divided
I ~he variance of~he marke~ re-a .

As empirical research began +o0 ) ncover a ny mber of espeered-re§ rn
anomalies~har~he CAPM cq) Id no~ esplain, Roll (1977) arg ed~ha==~he model

was no~-+es*able. -Becgy se investors and 4 rms assessing ~heir cos*s of capi~al
wal* +0 know ~he deserminan*s of e.,pec?ed re§ rns, empirical research
consin} ed, B~ i* as necessariy cond) evedy nder-he recogni*ion~has*he-+es*s
involve a join~ po*hesis on-+he model and-+he choice of+he marke~ por~folio.-

The inabiliyy of*he CAPM-*0 eaplain-+he cross-seerxion of asse~ re§ rns led+o
~he developmen~ of a i) mber of al*erna~ive empirical asse~ pricing models.-The
diversigg of ~hese models and ~he dﬁe- ~ha~ ~hgy have been evaL a~ed on a
variem of da*a sess pose severe § Ivies for someone who 18 @ ing *0
,g nders’and if agy of+hese models is a reasonable replacemen’ for~he CAPM .-
The py rpose of*his paper is+o0 evaj) a*e and compare a 5} mber ofhese models
on a common da~a se~} sing an appropria~e me~hodolog .-

Par~ of q r empirical anab sis ) ses ~he merhodologs of Hansen and
Jaganna~han (1997), [ ho develop a d1s-ance m@-rlc w€ call-~he HJ-dis~ance.-
Hansen and J agannaﬁhan demons*rase ho -0 meas re-+he dissance be~_een a
»3 e pricing kernel (s~ochas*ic discqy n* fae~or)~ha~ prices all asses, and ~he
implied pricing kernel prog of an asse~ pricing model -The dis*ance be~ een
~hese~ 0 random variables is calq lared in+hey § al @ as-+he sq are roo~ of
~he e.g)ee-ed vajy e of ~he sq) ared dj erence be~ ween —~he = ,0 variables.-
HlJ-dis~ance can also be in~erpre~ed as*k’é normah‘ed ma.gm; m pricing error
ofhe model for por~folios formed from-~ha~ se~ of asses.-Thy s, if*he model is
corree~, ~he HJ-dis*ance is #ero, and-~here are no pricing errors.-Glasserman
and Jin (1998) provide an alterna*ive & of comparing models of s~ochas~ic
discq) n~ facrors (SDF) ks esamining~he phy sical probabilisy meas res of asse
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~he Sharpe rasio predieed & -~he model and ~he ~f e Sharpe ra~io.-
Conseq‘; ensh , es*«ima+~ion of HJ-dis~ance also provides-~he ma;,im} m eapeeed
rey rn error of +he model by as§ ming~he invesrory ses a par+ig lar ssandard
devia~ion.-

The models w€ examinthe Ow from~he de#’elopmen* of ~he lreraq re.-Even
before -~he CAPM anomalies began 0 acq) my la~e, ~heoris*s §} ch as Mer*on
(1973) no*ed ~ha~ ~he CAPM is a s+=a*ic model, and ~hg developed
in=ersemporal models in hich covariances of re§ rns i*h sware variables
osher ~han ~he marke rey rn cqy Id ™ ) ence empecred re§ rns if -=he
cons) mp~ion and invesmen~ oppory nigy se=s of invesrors vag over ~ime.-
Breeden (1979) developed a Consy mp~ion CAPM (CCAPM) b demons*rasing
~ha= an asse*’s risk premj m depends on-he covariance of ~he asse*’s refy rn
wi*h aggregase cons) mp*ion in con*in) g s+ime g namic op*imizarion models.-
Hansen and Singleron (1982) developed an empirical ~es~ of ~he CCAPM in
discrese ~ime lk ) sing ~he E) ler eq avion of =he invesror’s & namic
op-lmlﬂ&-lon problem, in hich an eapeered re:; rn depends on-he covariance
of=he re§ rn wish~he margmal,plhg of consj mp~ion.-

The emp1r1ca1 fail} re of *he CCAPM and ~he ~heore~ical appeal of ~he
Mer~on logic led Campbell (1993 1996) ~o0 develop a ¢ namic asse~ pr1c1ng
model in hich an eapeered rey rn depends on-~he covariances of ~he re-a rn

wish=he marke~ por~folio and w}-h ~he innovasion in~he presen discqy n~ed
vaI. e of fj5 re e*pe@ed marke~ rey rns-In~he Campbell model a-~hing-+~ha~
forecass marke~ re§y rns becomes a risk fae~or for asse~ re§ rns.-

Jagannarhan and Wang (1996) no*~ed ~ha* i~ is possible for~he CAPM +o
hold as a condi*ional model of espeered re§ rns i*h condirtional be~as, b -=+he
4 ncondi*ional model ;g Id be more complicared since besas cqy 1d vap over
~ime.-Thg developed an empirical model of-his be—~a-premﬂ m sensi*iviy By
~aking a s=and on-he na# re of-he predie~abilizy of marke=~ re§ rns.-

Cochrane (1996) responded+o-+he fai}y re of+he CCAPM by noring~ha~=he
prod} e*ion side of =he economg also my s~ savisfh & namic E) ler eq) a*ions.-
This logic led him ~o develop ~he implica~ions of a prodj exion-based asse~
pricing model in  hich covariances of asse re§ rns wish macroeconomic
meas} res of 1nves~men~ are impor~an* risk fae*ors.-

Finall , ~he empirical fai}j re of +he CAPM and ~he ~heore~ical appeal of
my Ii-facror models led Fama and French (1992, 1993, 1995, 1996)~0 develop a
~hree-facror model.- I is fair +o sg -~ha*-~his ne , model, or some exended
varian= of i, is no,~he _orkhorse for risk adj s~men= in academic circles.-

Al*hqy gh+~he es*ima~ion of~he parame=ers associa~ed wish-=he meas) remen~
of HJ-dis*ance solves a generalifed me~hod of momen*s (GMM) problem-+ha~
minimi%es a qj adra~ic form based on~he average pricing errors from-he basic
assess, i* is no~-~he oprimal GMM of Hansen (1982).-We also repoe reg I*s
from op*imal GMM-es*s of-*he models, and w€ generald h’nd similar inference
abgy~-+he validisg of ~he models as in~he HJ-dis~ance problems.- Nei*her of



-hese approaches direesh minimi%es-~he pricing errors of-*he basic asse*s thh
is eqy ivalen~ ~o0 ,} sing an iden*i# marriay in GMM es*ima~ion.- Whlle s ch
es*ima~ion is pop| lar and sa-lsbes ~he g es’ desire for small errors, inference
abgy~ ~he validig of ~he models is a eeved severel & ~he increase in ~he
Sﬁdndard errors associa~ed i*h-~his app‘foach -Conseq} ensh , w€ do no* repor*
~hese res; Irs.-

Becgy se ~here is considerable evidence ~ha> empeered re§ rndw ) ey ave
over ~ime, e an* -0 allo, for ~ime-vap ing prices of risks.- We do
~his allownghe paramerers of *he models & J ¢§ a*e _i*h-*he b siness
a cle- We meds| re ~he b; siness g cle in * O il S One,; ses ~he Hodrick
and Prescox (1997) g brer applied =0 either ind) s*rial prod} exion for
mon=hh models or real GNP for q) arerh models.- The second approach
for g arerh models § ses +he cons mprion— ealh meas re developed
b Lew=g) and L} dvigson (2001a, b).- Also, beca} se Lg ghran (1997) and
Daniel and Ti*man (1997) arg e ~ha~ re§ rn charae~erisvics are dj eren~
in Jany ap ~han q=side of Jany ap, ¢ se a Jany ap d) mny variaBle o
allo , ~he parame=ers of-+he models-~o dh er across-~his mon*h and-~he o*her
mon+hs.-

Bo~h HJ-dissance and op*imal GMM ass) me ~ha= ~he paramerers of ~he



d;\{erenﬁ models.-Seevion 4 con*ains~he empirical res} I*s.-Seexion 5 provides
cofich ding remarks.-

L - A} AN'S )N b PR
2 }f ‘.}'M’;"f 01 Fomy }\\g:kr a."g:"q' Y

2.1. Mjp/xpﬂp

Ass) me e have nbasic assess-*0 be priced.- I+ is _ell kno,n-+ha* in+he
absence of arbisrage oppory nivies ~here emis*s a sex M of s*ochassic pricing
kernels-§ whiCh price evegp asse correesh - Tha~ is,

Er@-rﬂ“ I,x+l) =p; V].f>0, Vi 1eMip, (1)

where 4,1 is-=he s~ocbhas~ic pricing kernel a~=ime 7+ 1, M, is~he se~ of
corree~ pricing kernels® . is=he re§ rn for porsfolio  a~»ime 7 + 1, and~he
price for re§ ¥ as4ime s, . | 4+1 1S @ gross Jre—ﬁ rn for a por~folio,
~hen , =1; if ‘{,H 1S an e;pess"re—:'; rh for a por+folio, #hen , = 0. The
condmibnal empeearion in Eq.-(1) is based on-+he informasion se~ a~’, deno*ed
®,. B ~he la, of irerared empeerarions,~he} ncondixional version of Eq.-(1) is

B ® )= . V.50, Y €M, 2
& i1 jz+l) P ] o f+1 2

Wej se Eq-(2)+0 esrima*e and-~es~~he varigj s asses-pricing models.-
As Hansen and Jaganna*han (1997) no*e, an asse* pricing model provides a
pricing kernel prog , ... If~he model is+§ e, _,,; €M, ;. We will examine

models in  hich —-he"pricing pros is a linear‘ﬁ ne*ion of a cons+an* and a

veeror of variable faerors; .. Dg ne F/ | = [l /11], and le~+~he vee~or of
parame~ers be b/ = 0 bllr Then-+he pricing prog is

1= Fyr= 04 o 3

A 141 b 41 ])O bi 141 ( )

where Fi iy is=he x1 fae*or veeror, and is~he x1 co'g:. cien* vee*or.-
Nonkero elemenss 0* indicase~he impop-anc]é of a fa@for as a dererminan* of
+he pricing kernel.-F orb ease of presen=a~ion, € drop-~he-+ime § bscrip when i
is no* necessag for clarig of presen~a*ion.-

Cochrane (1996) no~es~ha~ if+he model is+§ e, Eq-(2) holds for all massess
wih §) bs*ig~ed for+ ;1. Then, ifp is+he nx 1 Vee:or of / ’s,~he pricing
model has an eqj ivalen represenrasion in +erms of m)j kivarih*e beras and
prices of risks!

LSRRy} ‘ @
gherd® 0= VB, p= a0 B and A= B0

C b 1 .
In Eq.-<(4),b 0 {s-=he)) ncondi*ional risk-free rase or~he fero-be~a ré*e,*ge B’s
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d@ermlne whe=her=he =h faeor mgn]h cansh '™ } ences~he eapecred reg rns on
a par~iq lar se~ of pop&”ohos wC my s~ assess whe=her-he corresponding 4 is
51gn1Lcamh dll!l‘ eren* from Lero -Norice 4 =0 does no~mean ; = 0and 1’1ce
versa-Ond n . ( ") is diagonal at’e*he*wo s*aremen*s ecﬂ ivalen~-The
derwaﬂons and proofs of*hese s~asemen=s can be fg} nd in Cochrane (1996).-

One my s~ be clear in disg ssing~he prices of faeror risks whe=her i is besa
risk or covariance risk.- Campbell (1996), for esmample, ) ses ~he covariance
decomposition of Eq~(2)+~o v',rk-e

Do, B s (5)
B 5 bs-ig~ing~he dehnmon of:,H for4 .1 in Eq~(5), one can  rire
> ) B o . »
W) - ,,+§:'1; godt B (6)
where-~he price of*hve A-h covariance risk is = Ho I - Sinceb 0 is no~ ven

di\ eren~ from one, w€ Jdo no~ repor~ smasis~icd for qr /
j

2.2. HIHpg 1.,

Hansen and Jagannashan (1997) no*e-~ha~  hen-+he asse~ pricing model is
false, ,e,éM and-here is a s*riesh posi*ive dls-ance be-ween and M. Hansen
and flaganna*han de}_ne)he dls-ance which e call HJ- disfance, as

0= ’mm |- —#1, shere E(} )= =p (7

and~he meas) re of dis~ance is~hej § al norm, | JI= \/E( ! The problem
dg, ned in Eq~(7) can be rerisen as-~he follo  ing Lagrdnglan minimi%a~ion
problem!
2 _ 2 / 3

0= min §p (B~ )+ 2EG> ) . ®)

The vaj) e of 6 is~he minimj m dis~ance from~he pricing pros ,J-o»'-he se* of

+3 e pricing kernels M. Le~ § and J. behe sojj~ion=o Eq(8)- Ofie can=hink of

— —# as=~he minimal adjj ssmen~+~0 _~o0 make i~ a=~f e pricing kernel.-Hansen
"and Jaganna~han (1997) solve Eq- (?3)-0 nd

=2 ©)

TS ) (10)

"Hansen and Jagannashan (1997) also consider a dissance measj re in which-4- is reqy ired~o be
ssriesh posi*ive.- If *he problem is solved wi'hd)—-—-he constrain~ and .1 >0 for all 7,~he+ o
sofj~ions coincide- In ~heir empirical anab sis, Hansen and Jagannashan Lnd ~his addi~ional
restrievxion does no~ make a big di‘ierence,-
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Th) s,~he HJ-dis~ance is

5=k —#1l= I3 = TP )7 (1)
S} bs~isy~ing for-+he vahe} of 1 from Eq.-(10) gives
s=TE® — B S 2 (12)

B solving ~he conjy gase problem +0 Eq-(8), Hansen and Jagannarhan
(1997) also provide an impor+an~ al*erna~ive in*erpre~a*ion +~o J. I+ is ~he
maadmy m pricing error for~he se~ of por~folios based on~he basic asse~ pa 98
with =he norm of +he porfolio re rn eqy al =0 one.- We follo,, Campbdl
and Cochrane (2000) in in~erprersing~he re§ rn errors of~he models) sing~his
logic.- =
Consider ~he re§ rn on a porfolio of +he  basic assess, ® . The ~§ e
exmpee~ed reg rn for-~his porfolio when priced ish-f is fq) nd from Eq-(5)+~o
be

B )00, B0 g P, (13)
Les B-(® ) denose~he empeered vaj) e of-*he porsfolio reg rn predieved &y ~he
pricing Pros - When E(.) = E¢) :? 0)-1, w€ can rise

BB g, I B (14
B § beracting Eq.«(14) from Eq.(13) and j sing <he Cg) cls -Sch  art
ineqy aligs , e have ) o )

E®) B P =R g~ PN o —f)e® ). (19
where a( )) deno*es~he s~andard devia*ion of ¥ The ineq) alig in Eq-(15) holds
as an eq} aliy when +he por~folio reﬂ rn is perfeesh correla~ed wi-h: —F.
Recall from Eq.-(9)~ha~ =, —4,and 6 =a(- —§) hen E(.) £ Eif).
Th) s, ~he porsfolio with share§ 0 = 4/0 is~he mé:imalb mispricéa porfolio
w*h norm eqy al=o one.-§) bs*i§j ~ing+hese res I=s in*o Eq.-(15) and recogni%ing
~has E(® ) = 0 gives

B2l o5

o)

The lef~-hand side of Eq.-(16) is*he maxim} m abso}~e pricing error pery ni~ of
s~andard deviarion, or ~he maaim} m mispriced Sharpe rasio.- Campbell and
Cochrane (2000) eaploi*-+his ideg*o evaly ae anny alized empeeed regy rn errors
of false models s m) I*iph ing® %6 & an ann) alized s~andard deviasion of
20% .-We repor=~his# pe of model re§ rn error belo,, -

(16)

23 BN oo pe ik o

Hansen and Jaganna~han (1997) no~e~ha~ " ~he esxima~e of , can be chosen
-+0 minimi%e J. To see-~he relaxion of -+his pr%blem +0 a srandArd generalized
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me*hod, of momen*s (GMM) problem dehne ~he pricing error vee~or
g= E(, p) and i*s sample cq n*erpar

-
1

G'F(b):-r—zb/:f—p, (17)

=1

and 1% = be a sample esrimase of E?b /Y~!. Then, s sq aring Eq.«(12), ~can
be chosen as b

;): arg min 6> = arg min g4 ( f 747( ). (18)
While Eq-(18) is a s~andard GMM problem, i* is no~—-h op-im M of
Hansen (1982) whlch,; s as~he _eigh*ing masriag M where 7 is a

consiseen* essima~or of® * =[7 4, kg7)]. Hansen demons-ra*es *ha’# - is
op~imal in~he sense-~ha~+he esxima~ed parame=~ers have+he smalles* ag mp=~o*ic
covariance.-

In general,~he oprimal _eigh*ing masris assigns big _eigh*s+0 assers  ih
small variances in-+heir pricing errors, and i* assigns small eighﬁs ~0 asse-s

with large variances of~heir prlcing errors.-I» is obvigy s*haﬁw 7 changes _i*h
di‘ eren~ models-This makes i~} ng} i*able for~he=~ask of makmg comparisons
an"fong compe*ing models.- The alverna~ive eigh*ing masris of Hansen and
Jaganna~han (1997) is invarian~ across compe-ing asse~ pricing models.-Using a
common eigh*ing masrisallo s,* s+o have a, niform meas. re of performance
across models for a common se* of pop-folios, The ond ass) mp=ion needed is
+~ha=~he _eigh*ing ma*ria is nonsin ) Jar.-

Cochrane (1996) arg es ~ha~ ') ma be nearh sing lar in hich
case~he inversion is problemaric, i+ as e disq ss laser, e did no~ encq) n*er
inversion problems.-To avoid inversion problems and-*o keep~he eigh*ing
ma*ria~he same across asse*s, Cochrane,g ses~he iden*iy ma*riaas a elghﬁing
ma+riae- This approach is of*en done in-+he g [s=-srage es*imases of a GMM
problem beca) se estimasion of ¥ + req) ires consissen= estimaes of -~he
parame=ers.-

B assigning eq) al wEigh=s+o all basic asse*s and ignoring cross procﬂ e*s of
pricing errors, Cochrane s (1996) approach minimizes ~he g m of sqj ared
pricing errors, thh is appealing for*wo reasons.- Firs~, i* is eq} ivalen~+o a
~radi*ional leas~ sq) ares approach of+eny sed iny nance, and second, i~ proﬂdes
~he bes* graphical represen~asion of predieved resj rns on-~he basic asse*s vers} s
~heir average rey rns.-

These desirable asritj~es mj s~ be balanced agains~ ~he ~heore~ical
appeal of ei*her op*imal GMM or-+he HJ-dis*ance approach.-Op*~imal GMM
provides -~he mos-n‘gs cien* esvimases among estimaes ~ha~ ) se linear
combina~ions of pricing errors as momen*s.- Working _i*h ~he smalles
ssandard errors provides a more powerﬂ 1 & +~o =es~ ~he validig of a
par*i¢) lar model.-B)-~, beca) s -+ is model dependen~, i makes no sense+o



compare chi-sqy are s~asis~ics across models.- We prefer ~he HJ-dis~ance
approach becg) se i* is explicish designed for comparing~he pricing errors of
al*erna~ive models.-

Belo,, ye repor~ s*asistics for borh HJ-dissance and oprimal GMM.- We
do no~ repor~ seasistics from 4 rs~-stage essimases beca) se e fg) nd ~hem
rela*iveh ) ninformasive.-Mos~ of-*he models wEre no~ rejee~ed j s~ dy e=o large
standard errors, Jhich is economicall ) nin=eresring.-We also do no’-hnd big
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Since g, fgr( )] onb has rank n— , e} se i*s psg do inverse folloing
Cochrane ( 199({6),~For op~imal GMM,Aﬁis Wald+es~ red) ces~o-+he well-kno n
J=es~, i*h

ng%(;))g. Igw(;,)]”gw,(;) = Tg'r(;f 7*9','(1;)

% 2 (n— i (25)

-

From Eq.-(10)~he covariance masria of *he Lagrange mj I*ipliers is
b )T Ty ,[gv(;]f T. (26)

Since ~he mag,im‘; m pricing error J is achieved & é’ wiﬁ-h 0= 1/5, w€ can
emamine~he imporrance of individ} al assess-~o-~he pricing error ky esamining
+he 1} 1l Iy porhesis 1 = 0.

Finaly, i~ is imporan~ ~0 dis*ing ish which pricing errors are ) nder
disq) ssion.-We deh,ned ~he pricing errors of ~he models in Eq.-(17)-- I+ is-=~he
sample average for+he di erences in prices  hen we:} se _~o pricd® miny s~he
corree~ prices  hich shgy 1d be Zero for an escess rey 4n and one for a gross
re§ rn-As in o~her research, e can also dg, ne average rey rn errors as

. » 1 T 4 w = X ~
IR SEE DOSE L YRR A &)

To avoid conf} sion, w€ Tefer+o g7( A) as model errors and © as-~he pricing
errors of+~he basic ass@s.»‘Since“ 0 dj erf slighsh across models,~he= o0 do no~
provide-~he same informa+*ion.-We ? ok a~ g7 ( A) maind for de+ails associa~ed
direesh . i*h 6. We easamine n-~0 compare pri!fmg errors for+he basic asse*s

across models.-

24 Coblolt b f oloe B0 g 130

Esamining ~he ) ncondi*xional implicasions of linear fae*or models has + w0
inheren= problems.-One is~ha* onl } ncondi*xional risk premj ms are essimased -
The second is~ha=~he models force prices of fj ndamen~al risks~o be cons~an~
across by siness g cles.-Cochrane (1996), Ferson and Harves (1999), and o~hers
~ =0 solve ~hese *w0 problems ,} sing macroeconomic variables as
condi*ioning variables.-In Eq.(3), all parame*ers in bare cons*an~~-To allo,
+~hem-=o vap i*h some elemen* %, in @, e  rive

i b’(‘/)FfH

:(bo’l + 02%) = [blll + (bl,Z’z)/]Ferl

])0,
+

+oort 2%+ bll,lFH-l + bll,z(FrH‘f)- (28)

bO,
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The las~ eqy al sign demons*rares Cochrane’s poin~, scaling~he prices of faerors
is eq) ivalen=~o scaling-~he fae~ors.-

If prices of risk® ) e§ ase over-he b} siness @ cle, e can cap§ re~his e“kee-
& J sing variables ~ha~ are associared _i*h by siness @ cles.- There are ~Hree
reqy iremen*s for macroeconomic variables~o be legi*imase ins*§j menss.-Firs~,
~hgy mj s~ be incl ded in ~he *ime ¢ informa~ion se~.- Second, ~hgy shq} 1d
§ mmarize ~he s~a s of ~he b} siness g cle- Third, since ~he ny mber of ~+he
parames=ers increases geome+ricalh i*h-+he n) mber of condi*xioning variables,
which can make-he esxima~es, nreliable,~he condi*ioning variables canno* be
»00 1) merqgy s-Wej se ony one conditioning variable a» a-~ime.-Beca) se-~he
previg) s liseray re has fog sed on borh mon*h and qj arerh hori%ons, e
wd* 1d like a similar condi*ioning variable for each hori%on.-

Daniel and Torgy s (1995) , nd +ha~ +he g clical elemen~ in indy srial
prod} esxion (IP) is predie*ive for common s*ock re§ rns.-We adop*-heirj se of
IP as one ins*j men* for+he mon*hl models.-For ¢ arerh models, ey se~he
g clical componen* of real GNP.- Beca} se ~he g clical componen*s are no~
obsers”able; w€ derive borh series 3 sing*he‘Hodricka‘resco- (1997) h}-er
applied req rsived -We elaborare on-+~he cons*f e~ion of g r da~a in-~he nex
seesion.-

Le~3 and L} dvigson (2001a) provide an al*ernasive~o-~hese q~p}-+-based
meas} res of~he by siness g cle.-Les3} and I} dvigson (2001a) demons*rase-~ha~
~he g clical elemen* in-~he log cong mprion-aggrega~e wealsh rasio (CAY) is
ssrongh predierive for eacess stock re§ rns.-This argy men= is consis~en~ wih
+he CCAPM -Le~3 and L} dvigson (2001b)+es~~he CCAPM and-+he CAPM
) sing CAY as a condi*ioning variable-In-~heir cross-seerional-+es~, condi*ion-
ing i*h CAY § bsran~iall improves~he performance of+he models.-We also
inc) de CAY as a condi*ioning variable for=he g arerh models.-

Lq ghran (1997) and Daniel and Ti*man (1997) arg e -~ha=-~he book-*o-
marke~ (B/M) g ee~ in s~ock re§ rns is largel driven kb a Jan) ap g, £ ~has
is,~he B/M ¢ ec¥ is no~ presen> a~ o~her-~imes of*heg ear-The basic Kssess w€
) se are~he F#fma and French 25 porfolios  hich are constfj eved precisel +o
incorporare~he B/M and size % eers-Wey se a Jany ap d) mma variable (JAN)
0 allow prices of risks-+o dj er"f)@-ween J an'; ap and o~her mon~hs of*~heg ear.-

Ano~her imporsans isg ¥ is =he seabiliyg of =~he model’s parame~ers.-
Condi*xional models are asrae*ive becg) se ) ncondirional models ma no*
adeqy a*eh capy re ~ime-vag ing risk premj ms.- By~ ~his approach is no~
cos+less.- If ~he condi*ional version is correesh speci ed and cap-:\ res ~he
& namics in risk premj ms, i will g ~perform ~he ) ncondixional model.-
Hoever, if *he model’s implied +ime-vag ing risk premj ms are inherensh
misspecihred becay se w€ choose +he rong condi*rioning variable, ~his false
model ma s+ill appear=~o ork _ell in small samples since i*} ses addivional
degrees of freedom.-Glay sels (1998) t_,nds ~ha~ condi*ional models are fragile
and ma have bigger pricing errors-~han) ncondi*ional models.-
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If~he model is correesh speci, ed, parame=er s~abilig is no~ a problem.-We
3 se+he § pLM-es~ of Andre_s (1993)+0 see , hesher=~here are s*§ e§ ral shif*s
in~he parame=ers.- The 1} 1l I porhesis is-~ha~~here are no s*§ ey ral shifes.-
Andre_s arg es-ha=-+he 5y pLM-es~ is po_erfj | agains~+he alernasive of a
single s~} ¢4 ral break a~ an} nkno n+ime.-He also arg) es~ha~ even if-*his is
no*~~he mos* in~eres*ing al*erna~ive I po+hesis, i provides a reasonable-+es* of
parame=er s*abiligy ~The LM s~a*is~ics are eVaIg ared a~ 5% incremen*s beJ-ween
20% and 80% of ~he sample, and ~he larges* is ~he s) pLM s=a~is*ic.- The
dissrity-+ion for+he § pLM s*ais*ic is presensed in Andre_s’s Table 1.-

To keep-~he esrima*ion-+rae~able, we,‘g se~he 26 por+folios as-~he basic asse*s
+~0 be priced.-We also invesrigare  hevher-~he model is roly s=~o0 a d'i‘ eren* se~
of asse*s by adopring Cochrane’s approach of scaling reg rns-Cochrafie (1996)
no*es~ha~ condi*ioning informa~ion can be, sed~o scale re§ rns as implied &
Eq~(1)- These scaled re§ rns can be inserpresed as~he re§ rns+o managed
por~folios.- The porsfolio manager changes ~he  eigh» of each porfolio
according ~o ~he signal he observes from -~he condi*ioning variable.- To
ilj ssrase, e m) iph bo+h sides of Eq.«(1) b am variable GEPi+0 ge

» _
E/6f 141 I,f+l) X wj V].f >0, VJéECDf- (29)
B ~he la; of i=erared empeeraions, e have
N _
Eg 1+1 i[+1 }é) — E(ﬂ)l)’ V], > 0, V xG(P,. (30)

Eq~(30) provides~he or*hogonalig condi*ions for scaled reyy rns.-If+he model
is roy s~+~o changes in-he ) nderh ing assess, i* shqy 1d price *he ne,, assess
correesl ~Thas is, if +he model can price nonscaled res ms® | 3 nder~he nj 11
lu po~hesis~has*~he parame~ers are no~ asse~-sensi*ive,-~he model shg} 1d price
scaled rey rng s wEll-The=es~ s~asis+ic is described in Appendia B

3. gty

Unless o*her ise indicased, all da=a are from ~he Cen*er for Research in
Seq) rigy Prices (CRSP).-For~he mon*hl models,~he sample period in 195201
=0 1997112, for 552~0~al observa~ions.-For+he q‘; ar~erh models,~he sample is
from 1953!01 =0 1997!04, for 180-+0*al observa*ions.- We begin in 1953'01
becg) se CAY is onh available af~er 1953 01.

31 e op ot afo i M

Q) r basic eqy i assess are~he 25 excess re§y rns on-~he por-folios sored by
size and book-*o-marke+ rasio ~ha= are calg laed as in Fama and French
(1993).-Eamcess re§ rns are cons*f) eved By §) brraexing-~he T-bill rase, and g} r
+ veng -siath asser is+he gross re§ rn on-+he T-bill-The previg s lireray re, nds
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+ha*~he 25 B/M and size porfolios are vegp hard-+o price correesh beca} se
~hgy incorporare bo~h size premj ms and vaj) e premj ms.- We reqj ire ~he
models+o price-~hese emcess eq‘; Y re),'g rns and~he risk-free ra~e, as wellr
Porfolios are ny mbered 11-55, here +he 4 rs~ nj mber refers o +he size
q) in~ile and-~he second n) mber refers~o-~he B/M g} in*ile.-For esample, 11 is
+~he porsfolio of-*he smalles~y rms i*h+he lo_es B/M, hile 55 is+he porfolio
wish=he larges-h,rms and highes~ B/M -Table 1 provides sy mmag s~a~istics for
~he 25 por-folios for-+he sample period 1952!01+0 1997!12. I* is similar-+o
Table 2 of Fama and French (1993),  hich involves a shor=er sample period
from 1963'01+0 1991!12. For g r longer sample, mos~ average re§ rns are
larger, eacep~ for+he lo, B/M 4 rms.-Since-~he s*andard errors are smaller,~he
1-s=a~is~ics are larger eacep~ for=he lo, B/Mh,rms.--Table 1 indica*es-~ha*-~here
is considerable d'i‘ erence in-~he average re§ rns across-~he 25 por~folios.-The
average ann) alized rey rns range from 4.3% for+he smalles~ rms _i*h lo es
B/M ra*io+~o 13.6% for-~he smalles~}_,rms wi*h highes~ B/M ra~io-Wishin a si%e
q) in*ile, ~here is a near monoronic increase in average re§ rns as B/M
increases.- Wishin-~he B/M g} insiles,~he average re rns-o-+he smalles* , rms
are larger ~han-~he average re§ rns~o-he larges 5 IS, excep* for+he lo  es~

Table 1
S, mmag s+a+is~ics for Fama-French 25 por+folios

The da~a are mon=hh refy rns on+he Fama-French 25 porfolios from 1952!01-+~0 1997!12 in
eacess of*he one-mon+h T-bill ra~e.-Por~folios are n'g mbered ’,,w'rh Finde.,jng sife increasing from
one-*0, ve and ’,inde.,jng book-~o-marke* ra*io increasing from one-+~o pYer

Porfolios BM1 BM2 BM3 BM4 BMS5
4 f, M PRy
SIZE 0.36 0.77 0.83 1.03 143
SIZE2 0.49 0.78 0.96 1.00 145
SIZE3 0.59 0.76 0.80 097 1.04
SIZE4 0.60 0.60 0.82 0.87 102
SIZES _ 0.57 0.63 068 0.67 0.85
A} A
5 "p{B) bW P i
SIZE 747 625 5.56 526 5.53
SIZE2 649 5.62 541 4.85 5.39
SIZE3 5.94 5.04 466 450 514
SIZE4 5.32 4.80 461 4.52 522
SIZES 4.54 439 4.09 4.24 491
B 1, 1C' T
SIZE 148 291 3.52 458 4.82
SIZE2 1.76 325 441 4.85 503
SIZE3 233 3.55 405 5.04 476
SIZE4 2.64 2.93 447 450 460

SIZES 297 3.36 389 3.74 4.07
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B/M q) insile, by~ =here is no~ mono*onicis in average re§ rns across size
q) in~iles.-

As demonstra~ed in Seerion 2,+~he eigh*ing masria for-~he calg) laxion of
HJ-dis=ance depends only on-+he asse~s and is-~he same for dj eren~ models.-
The eigh*ing ma=risis no*+~he same  hen Weh se condi*ioning thformas*ion-+o
scale rey rns.-Hence, e have fq) r  eigh*ing masrices' mon*hl and ¢ arer
nonscaled re§ rns, and mon=hh and qj arerd scaled rey rns.-Becg) se g r main
resy s are derived from mon*h and ¢ arerh nonscaled rey rns, e foq s
primaril on-~hese~ o cases-Eq-(18) demons=rares~ha=+~he _eigh*ing ma=riaxis
+he essima*e of*he inverse of+he second momen* masria of re§ rns, hich my s
be nonsing lar-The condi*xion ny mbers of *he-~ 0 masrices of sample second
momen*s are 13, 548 and 7,851 for mon*hd and qy ar-esh re%; rns, respecsivel -
For mon=hh scaled reg rns, ~he condi*ion ny mber is 10,264; for q arerh
scaled rey rns,~he condi*xion 1) mber is 5,238. This indicases+ha~ inversion of
~he marrices shqj 1d be ell behaved.-

Cochrane (1996) no=es-~ha~ one can-*ransform-~he _eigh*ing MarTiag sing
eigenvaj) e decomposi*ion § ch sha?® 7 =1 I Whe(r? I' is an or~honormal

masris  *h-~he eigenveerors ofF + oniss colj mns, and? is a diagonal masria

of eigenvajy es-Then,~he HJ-dissance problem in Eq.-(12) can be re  risen as
5= [EQ R I"’El(h? —p 12 31

The elemen*s of *+he +h co}y mn in I' can be in*erprered as wEighss ~ha~ are
assigned +o -~he basié assess +0 form a por~folio associased _i*h ~he -+h
eigenvaj) e in’} . If=here are a fe,, large eigenvaj) es o - wih eigenx’ee‘drs
~ha~ place large eigh=s on ond a fe , porfolios,+he GMM problem mg be
choosing parame=ers ~ha= are associaed ony i*h a fe , por=folios.- Beca) se

7 does no~ change across models, i is fair-~o ask-~he compe~ing models-*o
price~he same porfolios.-B) =, e do an=+he s*j e§ re of*he cigh*ing masris
~0 be reasonable.-

Fig-1 presen*s ~he por-folio  eigh*s associared i*h ~he = o larges~
eigenvaj) es of »he mon*hh and q arerh weigh*ing mas=rices- The _eigh=s
are ssandardized~o § m-+o0 one.-For mon~hh re§ rns, Fig.-1 demons~ra~es~ha~
no par~iqy lar porfolio receives more~han+ ice~he eigh= of-*he nexr smalles.-
Fq r porfolios, 14, 15, 41, and 42, receive s bssan~ial _ecighss, by~ several
o~her porsfolios also receive nonsrivial _eigh=s- Given ~ha~-~here are o~her
cigenvaj) s *ha* are also q) an=*a*iveh imporan~, _e conch de ~ha~ +he
weigh*ing masrices for ~he HJ-dis~ance provide a fair challenge ~o0-~he asse~
pricing models.-

3.2. Co o1 G g bﬁé\

We)) se, Ve variables+o capy re movemenss in-+he prices of risks over-+he
by siness g cle- For ~he mon*hl models, ~he g clical par~ of ~he nay ral
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Panel A:

Monthly Nonscaled Returns
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Ova(1) Ova(2)

Panel B:

Quarterly Nonscaled Returns
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51 53 55

Ova(1) Ova(2)

Fig-1.- S%mdardi'—ed eigenveerors of ~ o 1arges~ eigenval es of ~he weigh*ing m&-ri.j‘ T =
(l/ ) . The da*a are mon*hlh and cy arerl eacess re-,) rns of ~he Fama-French 25
por~folios cde-he re-a rn on-~he T-bill. Monﬁ-hb da*a are from 1952'01~0 1997 12. Q arerl da*a
are from 1953 !01+0 1997 04. The porfolio m mbers on~he —a.gs are m mbered Ph 1nde.,mg
site increasing from one-0, ve and indeadng book-+0- mdrke- ra~io increasing f om one-

The veeror va(l) and va(2) are~he elgénvec—-ors corresponding+o-+he o larges~ eigenv al) es 05*'

logari*shm of+~he ind) s*rial prod} e*xion indeais one condi*xioning variable.-The
ind) s*rial prodj e*ion indeais from~he Ci*xibase mon*hl da~a se~.-The series is
available from Jany ag 1947 +o April 1999.- We } se ~he Hodrick—Prescos
(1997)kl~er on+~he, rs~, vea ears-~o ini~ialize~he g clical series-The smoo~h1ng
parame*er is se*-+0 be 6,400. Conseq.j ensh , ~he , rs~ elemen~ of q r gcle is
1951 12. We=hen) se~he proced} re req rsivel on all avallable da*a+o0y nd+he
$) bseq) en* elemen»s for~he g clical series.-This merhod g aranﬁees*h&- each
elemen* is in~he-~ime / informa~ion se~-Panel A of Fig.-2 displa s+~he g clical
elemen~ of log ind} s*rial prod} e*ion indea IP.-
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Panel A:
Monthly eycle (IP)
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Panel B:
Quarterly cycle (GNP)
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Panel C:
Quarlerly cycle (CAY)
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Fig.-2.- Time series of ~hree condi*ioning variables.-( cle (IP) is+he g clical elemen* in mon~hj
HOdI‘le—PI’CSCO" (1997) o Iered indj s*rial prod} e*ion.- G cle (GNP) is ~he Qchcal elemen* in
q arery Hodrick— Presco» (1997)L}~ered GNP.-G cle (CAY) is~he aggrega~e cons) mp~ion- ealh
ra~io, derived in Lems) and L} dvigson (2001a).-Mon~hh da=a for IP are from 1952010 1997 12.
Q} arverh da~a for GNP are from 1952'01-+0 1997'04, and q'; arverh da*a for CAY are from
1953101+0 1997'04.-



As men~ioned above, in mon*hl models w€ also scale ~he fae~ors wi-h a
Jany ag dy mny , JAN,~ha=»akes~he va} ¢ one for each Jan} ag and is Zro
o*her ise-For ¢y arerh models, JAN-+akes-+he va} e one for+he , rs* ¢ arver
and is Zero o~her, ise-

For ~he q‘; arverh models, w€ also scale ~he fae*ors _i*h ~he g clical
componen* of real GNP.-The da~a are also from-~he Ci~ibase qj ar~esh da~a se~



can in*erpre~~he HJ-dis*ance as-+he s+andard deviasion for-~he leas~ vola~ile
elemen~ in M. In-+~he condi*ional case, ~he N; Il model has+ o faeors, ~he
constan* and ~he condi*ional . . ¢ The conditional Nj Il model desermines
he~her+~he movemen* in-~he 5 cl¢ is an impor+an* pricing fae*or.-
The second model is *he CAPM.- The model SDF has =~ o faeors, a
cons*an*, and~he eacess rey rn on-~he marke~ por~folio.-We}) se-~he re§ rn on
~he val) e-ycighved CRSP indea in eacess of ~he one mon~h risk free re§ rn,
» vw, as a prog for+he eacess re':g rn on~he marke~.-For~he q'g arerh model,
w© compq) nd-+he mon*hls marke~ re§y rns-+o prod) ce gy arerh rey rns, and
W€ 8 brracs +he re§ rn on-+he *hree-mon*h in*eres~ rase.- In-+he condisional
_model of ~he SDF, ~here are fd| r faerors! ~he cons=an* ~he o k vw and

w

VW *© 0 &

The’:hoi!é(;i model is a linearized CCAPM .-The original CCAPM is nonlinear
and req) ires a parviq) lar form for~he y+~iligy f} ne*ion.- Ra~her ~han develop
nonlinear models of marginaly-+ilig , e simple) se consy mprion gro #h, A ., as
+he faeror.- We j se *he gro #h rase in real nondj rables cons) mp+ion from
CPgIMQ fromZ?Im5SRjqar



The fqy rh model is~he condirxional CAPM developed s Jagannashan and
Wang (1996) (hereaf~er ~he JW model).- The JW model is derived from -~he
ass) mpion-~ha==~he CAPM holds as a condi*ional mode] and~ha=-he re§ rn
on+he marke~ is prediesable i*h+he defg) I+ premy m,»® prpm, hich is+he
c(i}ilyerence be~ een~hey ield on and,,, corpora~e bonds from-+he Board of

wernors of ~he Federal RéServe- The JW model’s ) ncondisxional form
involves + o besas- One is ~he original marke~ be*a.- The o~her be*a
incorpora~es variavion in-~he marke~ be*a, hich Jagannarhan and Wang call
bera-premj m sensi*ivig -Bera-premy m sensi*ivig is capy red b variavion in
~he defg) I» premj m*» prpv meas) res~he ins~abilip of ~he marke~ bera over
~he by siness g cle.-Jagannarhan and Wang also arg e~has-+he val e-_eigh*ed
indeayis an inadeqy ase prosg for=he marke~ re§ rn-Theg inc}) de labor income
grow*h,b LBR, as an addisxional fae~or ‘M ee*ing a r@-:g rmn-~o H; man capi+al.-



The sish model is a linearized version of Cochrane’s (1996) prody e*ion
based asse pricing model (described in~he+ables as COCH).-Cochrane arg es
+ha~ re§ rns shg) Id be ell priced & ~he invessmen~ re§ rn, hich is a
complic&-ed fi nerion of ~he inves~mens-capi*al rasio and several paramerers.-
B~ Cochrdnehnds*hw*he invessmen* gro ;~h ra~e performs eq) alh wEll, and
w€ adop~=he inves*men~ gro ;~h ra~e model ins~ead of ~he 1n<'es~men~ re§ rn
model.- The fae~ors are ~he gro ~h rase on real nonresidensial inves*men~,
GNR, and-+he gro ;h rase on real residen=~ial inves*men*, GR.-Bo*h original
series are from Cisibase- The model has~hree fae=ors in -~he ) ncondi*ional
model, a cons+an~, GNR, and GR.-The condi*ional Cochrane model has sia
faerors.-The da*a are from Ci*ibase.-Since w€ ond have q‘; arerh da~a for real
inves*men=, w€ do no* comp'; ~c a mon*hlh model in~his case.-

The above siax models are all based on eaplici* economic ~heories.- We also
consider-~ o empirical asse~ pricing models-Thg are called empirical becay se
~heir kg pricing facrors are derived from-~he da*a.-The seven~h model is-~he
Fama-French (1993) ~hree-facror model (hereafgr +he FF3 model).- The , -
fae=or is~he eacess reﬂ rn on~he marke* por-folio) v, as cald} la~ed above.-To
mimic~he risk faecrors in re§ rns relared-+o sie and B/M ra’-io Fama and French

(1993)Lrs~ sor* all s~ocks in=o+ ;0 si%e por*fohos M, b g,~hg also sor all
s*rocks in*o-+hree B/M por~folios } and W %ae-or SMB (Sn’ldll
min'; s big) is cons~R ered as~he g' erence in rey rns db

and _g,+h) s i
capy res risk rela~ed-o sie.-Faeror FIML (high mlm slo,,)is c/énsm Becd as=he
dh erence in rey rns o and gy, ~hy s i* cap-,; res risk relared-~o *he‘;,B/M
ra“fo,~The:§ ncondi*ional model of**he SDF has fq r faerors! a cons=an=» vw,
SMB, and HML.-We cons* e qj arerh faerors by compg) nding-~he mon~hl
facrors.-There are eigh~ facrors in-~he condi*ional model.-

The elghﬁh model is+he Fama-French (1993) 4 ve-fac~or model in  hich-~hg
add a~erms+) ey re facor and a defgy I*-premy m fac—-or*o*helr*hree fae~or
model (hereafer +he FF5 model).- The erm s~§ e§ re faeror, TERM, is+~he
di erence be-ween +~heg ield on a-~higy g ear bond and ~heg ield on-~he one-
méfn-h bill.- Defa; I= risk is~he di‘ erence b@-ween *heg 1elds on and It
corporase bonds ¥ prem as in” JW).- We cons*y e~ g arver; dara
compg) nding ~he mon~hls ® yw, SMB and HML, and w® ) se ~he ~hird
observarion of each q'; arer for TERM and® prgm. The condiﬁional model has
+yelve faesors.-

; N
’H“’%‘H
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The basic model diagnos~ics are presen~ed in~he seven panels of Table 3.-The
es~rima=~es of HJ-dis*ance are labeled HJ-dis=(d). The » ~vajy es of *he~es* § = 0,
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Table 3
S} mmag of models) sing nonscaled rey rns (26 asse~s)

The da~a are re§y rns on~he Fama-French 25 por~folios in excess of*he T-bill rase and-+~he rey rn on

+he T-bill.-Mon*hh da*a are from 1952!01-*0 1997!12; qj arerh da=a are from 1953!01 =0
1997104. G cle (IP) is-~he g clical elemen* in-~he ind}) serial prodg e~ion indea g cle (GNP) is+he
g clical elemen~ in real GNP; CAY is from Lesa and L) dvigson (2001a)-JAN is a dj mnas
variable i*h va)) e one for Jany ap (mon~hh models) ory rs* q arver (g arrerh models) and Zero
o~her,ise.-HJ-dis*(5) is Hansen-Jaganna~han dis~ance., -val ¢ for+he=es~ § = 0 calq) laved ) nder
~he nj 11 6 = 0 is ,, (0 = 0). Maa-Error is~he maximy m anny al pricing error for a porsfolio with
annj al s~andard error of 20% j nder ~he ass) mpion E@- ) = E(.). The s*andard error for HJ-
disrance } nder~he al*erna*ive Iy po~hesis 5#0 is se(d). The -v’a‘lfg e of+he oprimal GMM -+es~ is
p(J). The , -vaj) e of *he Wald-~es*~ha~ all condi*ional elemenss of * are Zero is, -Wald( *). The
va) e of—-ge § PLM srasis~ics is § pLM -An as~erisk indicares-~he mdel fails+he 5 pLM‘-eIs)- a~~he
5% signih’cance level-Nj mber of parame=ers is No.-of para.-

MODEL NULL CAPM CCAPM w CAMP FF3 FF5
B A M e pf f*” e Mg ﬂ“h;’o‘f‘
HI-dis~(0) 0.420 0.390 0429 0.386 0.296 0.323 0.316
p(5 =0) 0.000 0.000 0.000 0.000 0.347 0.000 0.001
Maua-Error 8.4% 78% 8.6% 78% 59% 6.5% 64%
se(d) 0.051 0.050 0.063 0.052 0.065 0.052 0.055
» ) 0.000 0.000 0.000 0.000 0494 0.001 0.005
$ pLM 216.500* 3.548 4234 38.290™ 193.976* 9.971 58.889*
No.-of para 1 2 2 4 6 4 6
n, 4Bt M F B e N D e g UP

I—?J—tﬁé-(é) 04"4’ 02{187 * OgSg o 0(33%9)‘ k 0.314 0.256 0.302 0.273

=0 0.000 0.026 0.041 0057 0.580 0010 0443
Maag-Error 82% 7A% 78% 63% 54% 64% 5:5%
se(d) 0.054 0.064 0.084 0.050 0.979 0.062 0.062
p(J) 0.000 0.269 0.002 0.062 0.534 0.027 0218
» -Wald( b*) 0006 0.003 0.021 0016 0486 0.329 0398
$ pLM 10.028 15.963* 9.831 28.254* 73.909* 16.646  40.204*
No.-of para 2 4 4 8 12 8 12
£ 7, 1 Moqnf"' jv, e “b(g\h dop = JAN
HI-dis~(0) 70396 0.3 0.387 0.274 0.284 0.287 0.268
p(5 =0) 0.000 0.000 0.057 0.650 0426 0401 0.335
Maa-Error 8.0% 73% 74% 5:5% 5% 58% 54%
se(d) 0.060 0.067 0.089 0.086 0.064 0.049 0.067
p(J) 0.000 0.000 0.022 0.809 0.065 0.025 0.098
» -Wald( b*) 0.000 0465 0.026 0.018 0.962 0.238 0.594
$ PLM 5692 6.244 10.345 52.663* 180.979* 13.470 39.225%
No.-of para 2 4 4 8 12 8 12

MODEL NULL CAPM CCAPM W CAMP COCH FF3 FF5

4 npr-'f? "y /?(,);ﬁ- f@] g )P %"‘hﬁm‘

HJ-dis~(5) 649 0621 0619 0578 0550 0626 0537 0516
©0=0) 0.000 0.000 0.001 0.037 0.016 0.000 0.001 0.018

Maag-Error  132% 12:6% 12:6% 11.8% 112% 12:9% 109%  10:5%

se(d) 0103 0.097 0108 0425 0407 0413 0416 0405
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Table 3 (. #.n g‘)

MODEL NULL CAPM CCAPM w CAMP COCH FF3 FF5
p(J) 0.001 0.001 0.005 0.083 0.050 0.000 0010 0425
$ pLM 55.023* 3671 10071 31.078%  55957* 10026 8746  52470%
No.-of para 1 2 2 4 6 3 4 6

K "@_[Eé bt h B e e 0P o h U g ONE)

HIJ-dis~(0) 642 0.600 0.613 0.543 0.504 0.559 0.452 0.429
p(é =0) 0.000 0.001 0.000 0.088 0447 0408 0.488 0.362
Maag-Error  134% 122%  12.5% 114% 103% 11.4% 92% 87%
se(d) 0.099 0.082 0406 0411 0404 0429 0408 0.099
p (@) 0.000 0011 0.001 0.056 0401 0.086 0.423 0.254
p-Wald( *) 0219 0.051 0.799 0013 0.575 0.008 0411 0242
$ pLM 10.837 11076  11.578 37.006"  44.640%  9.848 11285 34.071*
No.-of para 2 4 4 8 12 6 8 12

[ 4 npfF‘-{? "y ,z%gu;- j?’ g e ﬂlhﬁ[d’\,i,’ CcAY

HI-dis~(0) 634 0613 0.608 0.544 0.515 0.623 0.528 0.498
p(5 =0) 0.000 0.000 0.000 0.269 0.099 0.000 0.001 0.011
Mauw-Error  129% 125%  124% 114% 10.5% 127%  108% 104%
se(d) 0.099 0110 0105 0154 0425 0414 0405 0.090
p (@) 0.001 0.000 0.001 0.428 0.097 0.001 0.003 0.032
p-Wald( *) 0012 0.542 0.253 0.404 0.834 0.609 0.931 0.930
$ pLM 14.028% 14310 7470 39471%  40.373* 16957 20449  30.937*
No.-of para 2 4 4 8 12 6 8 12
B 1T fucth B o) v e b A

HIJ-dis~(0) 0°590 0.564 0.582° 7 0.391 0.379 0.510 0.509 0.394
p(5 =0) 0.001 0.001 0.000 0.997 0.975 0.429 0.005 0.870
Mauw-Error  120% 115%  119% 80% 7% 104%  10.4% 8.0%
se(d) 0435 0427 0431 0.239 0495 0433 0429 0449
p @) 0011 0.003 0.010 0.997 0.984 0.600 0004 0910
» -Wald( b*) 0.000 0.000 0.006 0.206 0.435 0.001 0.676 0.500
$ PLM 8.586 9181 9433 32.223* 28311 11794 20444  52.423*
No.-of para 2 4 4 8 12 6 8 12

as calg) lared in Appendix Aj) nder~he 1} 1l s porhesis-~ha~~he~g e dis*ance is
zero, are labeled p(6 = 0). The maasim) m ann) alized eampeered re§ rn error
from a porfolio of *he basic assess based on Eq--(16) is labeled Maa-Error.-
The masimy m pricing error is-~he prod) e~ of-~he HJ-dis~ance and+he average
risk-free rase-imes an as§y med s~andard deviasion of 20% .- The s*andard errors
for~he essimases of HJ-dis~ance are labeled se(d) and are calg la~ed} nder~he
alsernasive Iy po~hesis-~ha=~he+g e dissance is no~ eqy al=~o Zero as in Eq-(45)
of Hansen and Jaganna*han (1997).-These s*andard errors allo_, an assessmen*
of+he precision ji*h _hich § is essimased, and-*hgs can-+lhj s bey sed-*o infer an
approsdma~e standard error for-~he pricing errors in ro ,~hree my Iiph ing
s ~he average risk free re§y rn and-~he asg med s=andard deviasion of 20%.-



The, -vaj) es of*he J-s=a=is~ics from oprimal GMM es*ima=es of-*he models are
labeled p(J). The , -va} es of ~he Wald ~es*s-~ha~-~he parame=ers of ~he scaled
faerors are all Zero are labeled , -Wald( *). The valj es of-~he §f pLM-es*s are
labeled § pLM, and an as~erisl€) indicared ~has +hevess srasissic eaceeds+~he 0.05
crirxical vaj) e~aken from Table 1 of Andre s (1993)-The ) mber of essimas~ed
parame~ers is labeled No.-of para.-

In L'niJ-e samples, in~erpre~a*ion of +~he HJ-dissance es*ima*es and -+heir
associared maaimy m pricing errors is hampered y ~he fae=+ha~ Zero is on+he
bgj ndap of-+he paramerer space-Even if+he nj Il Iy porhesis is+} e, iny nive
samples~he esxima*ed HJ-dis*ance ;ill be posi*ive-Of cqy rse, if~he , -va} es of
~he-»es~ sraristics are ell behaved, false rejeerions of-+he ) 11 ks po~hesis onk
ocq) r~he corree~ percenrage of he-+ime.-

The Mon*e Carlo esperimen=s condj eved s Ahn and Gadaro ski (1999)
indicase ~ha~ ~he eampeered vajj e of +he HJ-dissance calg lased ) nder~he n} 11
ly po~hesis~ha~ a~hree-fae~or model is+g e can be g} i*e large and depends on
~he 1y mber of assers and-~he gy mber of*ime periods.-From Table 1 of Ahn and
Gadaroyski (1999) i*h 25 rey rns, wehnd average HJ-dis~ances of 0.393 for
160 observa~ions, 0.260 for 330 observa~ions, and 0.474 for 700 observa*ions.-
Hence, ly exrapola*ing+o d; r mon~hdy sample of 552 observa*ions, w€ shd; 1d
no~ be § rprised=~o see an HJ-dis~ance eq} al~o 0.21, even~hq gh a-~hree-fac~or
model is+g e.-This corresponds-+o an ann) alized masim} m pricing error of
4.2%.-Similarh , for a gy arerh sample of 180 observasions, e shq) Id no* be
8 rprised-*o see an HJ-dis*ance eqy al+o 0.38 i*h a mawim} m pricing error of
7%, even=~hqy gh-~he model is+ e.-

Ahn and Gadaro ski (1999) also inves~igare ~he empirical size of ~he ~es~
~ha~ HJ-dissance eqj als Zero.- For 25 asse*s ~hg ’_,nd +~ha> 5.5% of ~heir
eamperimen*s eaceed ~he 1% cri*ical vaL e wi-'h 160 observa~ions, 2.5% are
grearer i*h 330 observasions, and 1.5% are grearer i*h 700 observa~ions.-
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marginal level of signi}‘cance or smaller.- Campbell’s model achieves ~he
smalles~ HJ-dissance, and +he ,-va} e of *he #es~ 6 = 0 indicares e cannox
rejee~ corree~ pricing-Thy s,~he model capy res-~he size and B/M ¢ ee*s and
also prices~he risk-free rase.-I+ is no*able~has+he same model also pasSes-~he .J-
~es~-Unfory na~ely , Campbell’s model does no~ have s~able paramesers as i
fails-~he §) pLM ~es~ severel

The HJ-dis*ance of*he FF5 model is smaller~han-+ha= of+he FF3 model, jj~
i is s+ill arg) nd 0.30-If e § berac~+~he small sample bias in-=he s~a*is~ic of
0.21, disg ssed above, e can conch de-+has+~he bias-adj sved HJ-dissance is
arq) nd 041 and ~he maimy m ann) alized pricing error is arq) nd 2.2%.-As
one migh* § spee~,~he chief di‘ erence ber een-~he FF3 model and ~he FF5
model comes from-+he fae~-~ha®she T-bill rase is hard for-he FF3 model+o
price beca) se i* onb incl) des eqjim pricing faerors.- To evaj) ase ~his
conjeey re, e did a-*es~ hich onb 4 sed gross reg rns on-he 25 size and B/
M por~folios-There ere ondy small dj erences be~ een~he FF3 model and-+~he
FF5 model in-~ha~+es~, and e cqy Id i%:jec* corree~ pricing for borh models a~
~he 5% marginal level of signi, cance.-

Panel B of Table 3 repors+he res) I+s hen+he facrors of-*he model SDF’s
are scaled y g cle(IP).- We L'nd ~he magnigy des of HJ-disrances and ~he
corresponding maaimy m pricing errors all shrink signiy cansh B approd-
ma~eh 10%, escep~ for=he N} 1l model.-The, -va}) es for~he~es~ of HJ-dis~ance
eq al Zero are no,, be een 1% and 5% . We-=es~ he-her ~he condi*ioning
informa=ion is s~a~is*ical signih,canﬁ- with @ Wald-=es= on-+he join~ ks po~hesis
~ha~ =he paramerers for all scaled fae*ors eq} al Zero.- For ~he CAPM, ~he
CCAPM and-+he JW model,+he , -va} es are smaller-+han 0.023, _hich means
~he scaling variable IP signi, canth capy res ~ime-vag ing behavior of risks.-
Using g cle(IP) redy ces HJ-disrance for all models, and Campbell’s model
achieves ~he smalles~ dis~ance, al*hgy gh ~here is no signihcance ~0 -+he
parame~ers associared i*h scaling-None of-+he models pass bosh-+he-+es~ of
HJ-dis*ance eqy al ero and-+he § pLM+es~.-I+ is no*able+ha*he CAPM _i*h
scaled faerors marginall passes borh-~he~es~ of HJ-dis~ance eqy al Zero and-~he
oprimal GMM +es~-Again, all reg I*s from minimi%ing HJ-dis*ance are similar
=0 yha~ ey nd from-+~he oprimal GMM approach.-

The fae~~ha~ scaled faec~or models have smaller HJ-dis~ances-~han nonscaled
facror models comes from = _o sq rces.- Firs~, #he condi*xioning informa~ion
red) ces ~he pricing errors by allo ying ~he prices of risks o vag  i*h ~he
by siness g cle-Second, s dqy bling~he 5 mber of parame=ers, a scaled faexor
model ses addi*xional degrees of freedom in-~he minimiZa*ion problem and is
besser able+0 y++he dara.-This beser \-» ma be sp rig) s,+hg} gh, as small-
sample biases mg@ ,orsen.-The nex seerion emamines~he de~ails of indiﬁcﬂ al
models.-

According+o Lg} ghran (1997),~he Jan) ap G, 5 esplains a § bsean~ial par
of +he B/M el‘;ec*,‘ When e allo,, onk for ¥ Jan) ap d) mny variable in

w
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addi*ion ~0 ~he cons*an* ~erm of ~he SDEF’s, ~here are vep few changes
compared+~o-~he res I*s in Panel A of Table 3-These res} I*s are no~ reporred+o
save space.-Panel C of Table 3 repors res) I=s with all fae~ors scaled  JAN.-
This ¢ ee*iveh separases ~he Jan) ap observasions from =~he non-Jan} ag

observ#ions b alloing dj eren~ fae~or risk prices in Jany ap ~For~he N} 1l
model, *he Wald srasissic fof-+he +es*~has+he JAN parameser eq) als Zero is
00001,  hich demonssra~es-~he imporance of a J any ap . ee~~Allo ing for a
Jany ag condi*xioning variable improves-~he poin~ es/ima~e¥ of HJ-dis~ance for
all =he models.- Nevertheless, , -va}j es of =he J s~asisvics indicared ~ha~ ~he
CAPM,+he CCAPM, and~he %F3 models are s+ill rejee~ed a=~he 0.05 level of
signihrcance.aThe mos* dramasic improvemen* is in~he JW model  hich no,
passes all of*he-*es*s escep~+he s*abiligy ~es~-The Wald-+es* on-~he impor+ance
of +he scaled fae*ors indica*es ~heir join* signibcance.-« There is a sligh~
improvemen* in~he performance of-~he FF3 model althg) gh-he join*=es* of
~he signj, cance of-+he scaled fae~ors has a » ~va)j e of 0.15.-The FF5 model and
Campbell’s model already do reasonabh " ell i*h nonscaled fae~ors.-Scaling
all~he fae*ors in~hese models Wi-‘h a Jari; ap d‘{: mng does no~ appear-~o add
am imporan~ faceors since~he , va}j es of-*he Wald+es~s are bo*h g} i*e large.-

The previgy s liserayy re picalh reporss eisher mon~hl or gy arerh models.-
Some models, § ch as Cochrane’s (1996) model, can onk be applied =0
q) arrerh da~a becg) se of dasa conssrain*s.-In-his seerion w€ Inves~igare ~he
performance of*he models  i~h q arverh da~a.-Several isg es arise.-Firs~,-~ime
aggregasion mg orsen -~he o be~ een ~he facrors and ~he models &
smoo~hing ~he faerors.? Second, marke* imperfeerions ~ha~ cay se shor-=erm
deviasions from-~he models ma be lessened beca) se~he ref rns are ¢ my la~ed.-
Third, as no*ed above,~he small-sample performance of amw model de~eriora~es
with a smaller ny mber of observasions.-The , rs~ and-=hird G, Se°S § gges~~he
performance of+he models wi*h q'g arerh da~a deeriora=~es, ';hile*he second
fae~or allo ;s for improvemen=.-

Panel D provides~he § mmag res Is for-+he eigh* q) arerh models,~he
seven previg) sb invesrigared pj s Cochrane’s (1996) model.- Alxhqgy gh ~he
poin= essima~es of *he HJ-dis*ances are my ch larger for~he qj arerd models
~han-+he mon~hl models, recall from g} r disg ssion of Ahn and Gadaro ski
(1999) ~ha~ va) es like 0.38 are~o be eampecred in-+hese sample sizes even if a
~hree-fae*or model is+g e.-Neverrheless, ~he q) arerdh HI-disrances generall
emceed ~he average of «he Ahn and Gadaroski L}gﬁ res y more ~han ~he
mon*hl estima~es emceed ~he corresponding average from -+he Mon*e Carlo
eamperimenss.- For esample, ~he mon*hdy FF3 models has an HJ-dis~ance of
0.323 and-~he Mon*¢ Carlo average is approsima~ch 0.21 for a d'}Uerence of

“This logic leads Cochrane (1996)-+0-*ime average mon+hh rey rns in consy eting gy aresh
ey r:l;-While w€ cons~R e~+he g g‘er& rgaz rns frpm-+he g)mpq‘; Ig mon~hl re rns as® .| +
2+ 3 145

2 1+3, Cochrane (1996)} ses ¥ | + 2 3+ Pt
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0413.-A*+~he qj arerh samphng in*erval ey nd a di erence ofO 537 -0.38 =
0.157. Using-~his bias-adj) s~ed vaj) e~o calq lase +h& masim) m pricing error
for~he FF3 model leads+o a valj e of 3.2% rasher~han~he 10.9% repor~ed in
Panel D.-

While~he , vaj} es of *he-~es~s-~ha~ HJ-dis~ance eq} als Zero are all less~ha~
0.037, recall also ~ha~ in ~his sample siZe ~he ag mpro~ic , -vaj) es probabl
) ndersrave ~he probabilig of a B pe I error as Ahn and &adarowski (1999)
L’nd ~ha* 15.7% of -~heir empirical eaperimens emceed ~he 5% ag mpro*ic
crisical va}j e in samples of 160 observasions.-Hence, i* seems reasonable ~o
concf) de ~ha~ ~he evidence agains~ ~he JW model, ~he FF5 model, and
Campbell’s model is no par*iq larh ssrong.-Unfor§ na=eh ~hese-~hree models
all fail-+~he parame=*er s~abilig ~es*.-

In Panel E, e scale all fac~ors s ~he lagged g clical componen~ of GNP
Incj ding~his condi*ioning informasion redy ces~he magniy des of HJ-dis~ance
and-~he associared maaimy m pricing errors ks 5-10% T 0 models,~he FF3
model and Cochrane’s, no,, pass~he-es~ of HJ-dissance eqy al %ro and-*he
$ pLM =es~, al*hq) gh Cochrane’s model has a considerabb larger . Once
again~he HJ-dis*ance-+es*s are consis~en* P-h*he res) I+s from op~imal GMM .-
The-+es*s+~ha~ all parame*ers for scaled fae-ors eqy al zero indicase scaling with
GNP does no~ mgmhcanr;h improve -~he performance of ~he models.- One
shgj Id keep in mind, ~hg} gh, ~his is a join=+es~ which ma overshado ,-~he
mgnlhcance lnle’ld:j al parame~ers.-

An aleerna*ive qj ar~er scaling variable is+he cons mp*ion- eal*h ra~io,
CAY, from Lew3 and L} dvigson (2001a).-The nd-~ha~ scaling i*h CAY
greash improves~he performance of+he CCAPM in pricing-~he excess re§ rns
on-+he 25 Fama-French por~folios over a sample period 1963-1997 _hen-~he
re§ rns are eqy alh eighved.- Ho ever, eval ating =he model i*h-+he HJ-
dis*ance me=ric for g} r sample of 1953)0 1998 indica*es~ha~ scahng *h CAY
does no~ prodj ce a no*iceable 1mproVemerr for~he CCAPM .-The scaled model
fails borh-~he+es~ of HJ-dis~ance eqy al Zero and-=he oprimal GMM-es*.-None
of*he models scaled by CAY passes borh~he+~es~ of HJ-dis~ance eqy al Zero and
~he §§ pLM-=es~-The Wald-+es~ of-*he impor~ance of+he scaling parame=ers also
does no~ indica~e strong s*a~is*ical &gn]hcance of CAY -

Panel G provides res) s hen all+he fae*ors are scaled s JAN.-For+he
q) arresh models, JAN)akes*he vaj) e one for*hehrsw q arer of eachg ear and
~he va}} e zero o-herwlse -The y rs=~hing-+0 no~e is scaling all faeors i*h JAN
red) ces ~he magnigy de of ~he HJ-dissance for all models.- The JW model,
Campbell’s model, and ~he FF5 model all have , -vaj) es for ~he ~es~ of HJ-
dissance eqy al zero above 80%.-The ann} alized pricing errors for-~hese-~hree
models also are no, lesshan or eqy al+o 8%, _hich is in-+he range of corree~
pricing given-~he bias disq ssed above.-S rprising ,~he FF3 model does no~
pass~he HJ-dis~ance~es~ and-~he J~es~-This is becg) se~he scaled faexor model
is s*ill} nable=~o price~he small gro -hhrms.»ACochrane’s model passes bo~h-+he
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~es~ of HJ-dis*ance eq} al zero and-~he § pLM~es~.-More de=ails for-~his model
are provided in-~he see*xion on § ccessfy 1 models.-

4.2. Mjp,p”,ozv or Moy }Q"z-cfof” jé’

Addi*ional informa*ion on-~he performance of-~he models is available &
emamining ~he model errors and ~he Lagrange m) Iipliers which are ~he
componen=s of . To check _ he=her condiﬁioning informa~ion improves ~he
performance of a model, e rs~ need o0} nders=and ~he performance of ~he
original nonscaled fae~or model.-The average model errors from HJ-dis~ance
essima=es i*h a= o standard error band are presen~ed in Fig.-3.-Since mon~h;h
,; ncondr*ronal model errors share veg similar paseerns r-h ~he qg arerh
model errors, e ond presen* mon’h;h model errors (g) as de-L ned in Eq~(17)-
For Cochrane’s model, w€ TEPOF* q arery model errors.®

In Panel A of Fig.-3,~he model errors for~he N} 1l model range from —0.01%
for+he T-bill*o 115% per mon~h for porfolio 25.-Remember -~ha~-+he p IS
5y mber of a porfolio indewes ~he sife qy insile i*h increasing ny mbers
indica*ing increases in size and-~ha=~he second n) mber of a porfolio indexes
~he book-*o-marke=* ra~io _i*h increasing 1) mbers indicasing increases in B/M.-
The B/M ¢ ee~ is vep eviden~ in Fig-3 as in each size qj in~ile, higher B/M
por‘folios %‘ﬂwe larger average pricing errors- As e increase across sike
a 1n~ﬂes ~here is less dispersion in -~he pricing errors b.- no pari¢y larh
prong nced decrease in average pricing errors.-The model} nder-essimases~he
re—-:; rns on all porfolios eacep~+he T-bill ra~e.-

Panel B of Fig.-3 demons*ra~es-~ha~~he CAPM correesh prices~he larges~
site porfolios, by~ i~~ends-+o0 ) nder-esximae re§ rns on high B/M porfolios
and-~o0 over-essima~e re§ rns on lo,, B/M por~folios.-The model errors range
from —0.50% per mon+~h for por+folio 11+0 0.45% per mon+h for por~folio 15.-

The CCAPM is presen~ed in Panel C of Fig--3.-I~ has a pasern veg similar
»o+he N 1l model, hich is consissen* ih~he correlasion of 0.93 be~ een+he
ady ssmen=, _ —f = » , =0 *he Nj Il model and =he adj smen~ ~0 ~he
CCAPM »d make i+ a corree~ SDF.- High B/M pms are more severch
,; nderpriced  +~he CCAPM +han Iy ~he CAPM .-

The JW model is presen~ed in Panel D of Fig-3-I~ has a veg similar pasern
+0-~he CAPM eaxcep=-~he over-essima~ion for lo, B/M por+folios is slighsh
smaller - This is no~ g rprising in ligh~ of ~he correlasion of 0.99 be~ jeen-~he
adj) ssmen*s-+~o+he CAPM and-+o-~he JW model.-

Panel E of Fig.-3 reporss ~he pasern for Campbell’s pricing errors.- The
model considerabl aseny ases~he B/M eiuec*,AThe average errors range from

SWe also esamined model errors from minimizing-+he eq al-_ eighved § m of sq) ared pricing
errors, ~ha* is,‘g sing an ideni masria as-+~he eigthing masriae-The paserns of errors across+he
varig) s models are g ive similar~o-~he errors in Fig.-3 and are conseq) ensh no~ reporved.-
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—0.28% ~0 0.30% .- Par~ of ~he abiligy of ~he model o pass ~he ~es~ of HJ-
dis*ance eq) al Zero arises from i*s increased s~andard errors relasive ~o ~he
CAPM..-Al*hg} gh 6 can be compared across models,~he , -vajy es of *he-~es*s
are no~ comparable becg) se ~hgy are based on ~he eigenval es of A in
AppendmA hich depend on-+he pricing fae~ors,~he variance of pricing errors,
and~he n) mber of parame~ers.-

Panel F presenss ~he pricing errors in Cochrane’s qj arerh model which
shares~he same magnif de and pasern as~he q) arerh CAPM, which is no*
presen~ed.- There is a distine~ B/M ¢ ee~ as in ~he mon~hly CAPM.- The
correlarion be= een-~he ady s*men**oeh@ochrane’s model~o make i a corree~
pricing model and~he ad} s*men==o0-+he qj areth CAPM is 0.97.-

The FF3 model is presen~ed in Panel G.-The presence of-~he+ o facrors
SMB and HML in addi*ion~o0 +~he marke~ re-:; n considerab;h dampens +he
B/M ¢ ee* presen* in Panel B. Now*here is no par*iq lar pasern for~he model
errors.”T hg are scamered arqy nd-~he Zero amis-The FF3 model overpredie=s
~he average re§ rns for borh ~he smalles~ , rms and ~he larges~ 4 rms, b+
especialh ~he small gro ;~h s=ocks (smalles with lo, B/M ra-los) -The
FF5 model in Panel H has a similar p&-ﬂ-ern*o*he FF 3 model excep~ i* red) ces
~he pricing errors slighsh ~The correlasion of+he adj s*men*s-~o-~he+ 0 models
is 0.98.-

All models share one common charae~eris*ic,~hgy do no* misprice-~he T-bill
ra~e.-Model errors for~he T-bill ra~e are alwa S ard} nd Zero.-

4310 .\ 194 (ﬁpr

Since w€ have 21 mon~hli models and 32 q‘; arerh models, w€ canno*
displas all ~he paramerer esvimases, by~ w€ TEPOF res) s for ““inveresting
models”-We de, ne “in*eres*ing” as a model~ha* a~ leas~ marginally passes+he
~est of HJ-dis=ance eq) al zero a~~he 1% marginal level of signiy cance.-We also
reqy ire~ha=~he scaling parame=ers for an in~eresring scaled fae~or model are
joirsh signj, can* a*+he 5% level.- -Becay se 1nference abgy~+he validigs of-+he
models based on ~he =~es of HJ-dis~ance eq al Zero is alwas similar ~o
inference based on ~he J +es~ from op+*imal GMM, passing ~he J =es* is
implicish also a cri*erion- In =o~al e have 12 models sa*isfing bo~h

>
Fig--3.- Model errors for mon~hy models wi’h nonscaled fae*ors.- The da*a are mon*hli and
q‘* arerly eacess re-:g rns of+he Fama-French 25 porsfolios over+~he T-bill ra~e and-+he re)',; rn on~he
T-bill- Mon*h&,; da~a are from 1952 01+~0 1997"'12. Q'; ar~erly da~a are from 1953!101+0 1997'04.-
The por~folio 5y mbers on+~he ‘C-dagls are n) mbered with mdeang sife increasing from one+o04 ve
and | indeasing book-~o-marke~ ra*io 1ncreasmg fr m one +0 4 ve.-The diamonds are ~he model
erroré as dehned in Eq.-(17), and~he 1y mbers are in mon=h} (qg arerh from Cochranes’s model)

percen*-The=~ o o~her lines provide a= o ssandard error band.-
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condi*ions.- In addi*ion w€ provide informa~ion on-+he mon*hl FF3 model
wi*h nonscaled fae~ors for comparison.- This see*ion p IS disc'; sses mon~hl
models,~hen q'; arrerh models.-

Table 4 repors parame*er estima+es from minimizing +~he HJ-dis~ance
meas} re for~he in*eresring models.- Each panel has +s0 pars-The g IS* par
presen~s esima*es for  as in Eq-~(3)-If ;| for one fae~or is signibcamh
dj eren* from &ero,~hen-*ha* fac*or is an iml;’or*anﬁ- de~erminan*~ of *he pricing
ketnel.-The second par~ of each panel presen=s es*ima~es for-~he prices of risks,
A, as in Eq-(4)~- I+ provides informa~ion on  he~her ~he fae*or risk prices
signj, cansh By } ence+he empecred rey rns.-

The rs~ model is=~he mon*hly CAPM _i*h fae*ors scaled ly IP-The model
marginalh passes~he~es~ of HJ-dis*ance eq} al Zero with @ -valj e of 0.026.-
Bo~h® yw and IP are signi}‘can’ de*erminan*s of ~he corree~ pricing kernel,

hile +he in-erae~ion be+ een-+he-+ o0 variables is no~ signj can.- Th) s, =he
Iy siness g cle '™ ) ence specir_,ed  IP is an imporan~ elemen* missing from
+~he CAPM-The same~+ ;o facrors have signihcan- prices of risks _i*h posi*ive
signs.-Th} s, a posi*ive covariance wish-~he marke~ or-~he s~a~e of =he by siness
g cle increases~he reqy ired rase of refy rn.-The fac~~ha~ IP helps=~o0 emplain~he
B/M and si% ¢ ec*s mgs arise as in-~he frame jork of Jagannashan and Wang

.(1996) becay see‘lﬂ’ cqy Id be a prog for bera-premj m sensi*ivig ~The fae~+~ha~
vw - I[P is no* imporan* indicases-~ha~ allo ing-~he price of marke* risk =0
change across-~he b siness g cle is no* an imporan~ deserminan~ of ~he cross
seevion of reg) rns.-Panel A of Fig.-4 repors~he model’s pricing errors, with s
nongcaled cq) n*erpar~.-Mos+ of *he improvemen* in pricing from adding IP
and® v - IP»0-+he CAPM ocg rs for lo,, B/M por+folios, and ~he bigges~
improvemen~ is for ~he smalles~ gro ~h 4 rms. As si%e increases, -~he
improvemen~ becomes smaller.- Ho ever, ~he scaled fae=or model does no~
elimina~¢ ei*her-~he B/M or si%e % eers-The mon=hh CAPM  ih fac~ors scaled
s IP also does no~ pass-+he g ffLM ~es~ a~~he 5% level indica*ing ~ha*-~he
essima~es ma be,) ns*able.-

The second mon=hy model is ~he CCAPM _i*h fae~ors scaled &
IP.- Parame~er es*ima*es are repor~ed in Panel B of Table 4.- The -+es~ of
HJ-dis~ance eqy al Zro is passed with a ~alj e of 0.041.- The parame=ers
associared Wi*h Ac’ IP and Ac' IP are all s~a~is~icall signihcan'- elemen*s of+~he
pricing kernel-The estimases for faeror risk prices indicase+ha* bo~h A . and IP
signj, cansh ‘v § ence ~he empeered re§ rns on +he ) nderh ing 26 porfolios
Wi-h economicalyy sensible signs.- Reﬂ rns ~ha* covag posiiveh wi~h
eirher cong) mp~ion gro #h or+he b siness @ cle have higher reqy ired rases
of rey rn.-

The mon*hli CCAPM wiﬁh fae~ors scaled  JAN also sa*ishes bo~h
condi~ions for being “in*eresting” i*h a —val) e for ~he ~es~ of HJ-dis*ance
eq) al zero of 0.057.-The parame~er essima=es are provided in Panel C of Table 4.-
Ond +he in*eraction ber seen A . and JAN is staristically signjy, can* for bo*h-+he



pricing kernel and prices of risk.- While ~his res) I lireraly, implies ~ha~-~he
cons} mprion gro~h rate is imporan* onh in Ja1i| ap, an alterna*ive
in*erpre~a~ion 1s*ha-he rey rn charae~erisrics of +he} nderd ing 26 porsfolios
are mos~ eviden~ in Jany ap - The pricing errors for +he = o scaled fae~or
versions of *he CCAPM +oge~her _i~h +he nonscaled fae~or benchmark are
given in Panel B of Fig.-4.-When+he fae*ors are scaled k. IP,~he improvemens*s
mossh involve a red) evion of ~he errors for ~he high B/M porfolios b
04-0.2% per mon+h whic‘b asens-+he pricing errors rela*ive-~o-~he nonscaled
CCAPM .- When ~he fae~ors are scaled iy JAN, bo=h =~he size e" ee= and ~he
B/M e1 ee~ are smaller and-+he line connee*ing-~he pricing errors fs some  ha~
I aaeer

Panel D of Table 4 repors-+~he parame+*er es~ima=es for ~he mon~hyh JW

model _i*h fae*ors scaled ly IP.-The ,-val} e for~he+es~ of HI-dissance eq) al
JFero is 0.057-The signj, can~ deserminan*s of +he pricing kernel ateg™ yw and

Ler - IP. The same = o fde-or risk prices along i*h ~ha= of* prgm - IP
mgn]hcan-}g ee~ risk premjj ms.-Panel E of Table 4 presen*s ~he parame~er
es~ima~es for~fe mon~hl JW model 1-h faerors scaled & JAN.-The -vaﬂ e
of »hg ~es~ of HJ-dis*ance eqy al Zero 1s 0.650.-From-~he parame~er es'-lma*es
bo*h™ [ gr and® pgr - JAN are 51gnlh.,can* de~erminan*s of-~he model’s pricing
kernel.-The parame~ers indicare~ha*-~he fae~or risk price of+he labor income
groy ~h ra~e is d]1 eren~ in Jan) ap (—0.28 +0.13 = —0.15) ~han qj-=side of
Jam ap (—0.28). Yhe pricing errors of ~hese = 0 models ~oge~her i~h ~he
nonscaled JW benchmark model are presen~ed in Panel C of Fig.--4,~ When
~he fae~ors are scaled & IP,~he pricing errors are smaller for bo~h small, rms
and high B/M rms. -Th) s IP helps dampen bo=h-he size G, £ and~he B/M

ee~, When*he faerors are scaled s JAN,~he pricing error¥are even smaller
a¥in~he CCAPM above.-Ho wever, neisher of *he models passes+he $ PLM
~es~.-

Campbell’s model i*h nonscaled fae~ors is repor=ed in Panel F of Table 4.-
The model passes+he+es* of HJ-dis*ance eqy al &ro i*h a  -va)) ¢ 0.347-Bo*h
~he dividend g ield, DIV, and ~he ~erm premj m, TRK/I are s~arisvicall
signihcan- dererminan*s of ~he pricing kernel.- The second par~ of Panel F
indica*es ~ha~ ~hree variables, ® vw, DIV, and TRM, have s=a*is~icalh
signihtcan'- prices of risks.- Neiher labor income nor +he relasive bill ra*e is
impor*an* in ei*her-~he pricing kernel or+he prices of risks.-Panel D of Fig.-4

| 4
Fig-4.- Pricing errors for in*eres*ing models.-The da*a are mon*hl and q') arerly emcess reﬁ rns of
~he Fama-French 25 por~folios over-~he T-bill ra*e and-~he re),'| rn on~he T-bill.-Mon*h} da~a are
from 19524010 1997 12. Q) arerh da~a are from 1953 ' 01+~0 1997 * 04. The por+folio ny mbers on
+he ags are m mbered P‘h .indesing size increasing from one~o,, ve and 1nde~gng book-+0-
mdrke‘ ra~io increasing frc{m one-ohve -Pricing errors are dehned in Eq~(27), ‘nlld*he 1y mbers are
in mon~hh (q) arerd ) percen~.-
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Table 4
Paramerers essima*es of in*eres*ing models

The da~a are re§y rns on~he Fama-French 25 por~folios in excess of*he T-bill rase and-+~he rey rn on
+he T-bill.-Mon*hh da*a are from 1952!01 >0 1997!12; qj arerh da=a are from 1953!01 =0

1997104. The es+ima*ed parame+ers, , are~he fae*or prices dehned in Eq.(3).- The es«ima~ed
parame~ers, /A, are-~he be*a risk prices dehyned in Eq-~(4)-The sxandard errors for-~he parame~er

estimases are provided in-+he ro s labeled se.-

l; ﬂ(}fA! Moqfff cArM “Hf‘\b ”“'5[0"\&' P

]

Cons*an* VW IP vw *IP
Parame~ers of~he pricing kernel
; 1.03 —0.04 —0.34 0.02
s 0.05 0.02 042 0.03
Faeror risk prices
A 0.66 246 0.58
se 027 0.74 2.5
\)
l;: ﬂ()fo Moqi;.f' ccArRM “Hr“b ” héfo‘l‘,;; P
Cons~an~ A, 1P A .xIP
Parame~ers of~he pricing kernel
114 —-0.75 —0.28 0.22
L. 040 0.36 041 042
Fae~or risk prices
A 0.43 1.38 —0.49
se 0.21 0.65 0.55
J
4 n@/CE Mogfff CCARM vy \p, ” "Cto"\lb' JAN
Cons~an~ A, JAN A +xJAN
Parame~ers of~he pricing kernel
b 1.05 -042 0.58 -393
se 006 0.37 0.90 1.62
Fae~or risk prices
A 0.26 0.02 0.20
se 0.22 0.06 0.08
5 h) ) )
B D M o g F NG B pige Ny a1
Consans ¥ vy ™ pewy ® g IP vw *IP ® oren #IP s LR *IP

Paramerers of+he pricing kernel

1.38 —004 —0.66 068  0.38 0.00 —0.40 —0.40
se 0.68 0.02 0.64 071  0.38 003 0.31 022
Faeror risk prices
A 0.65 005 —-0605 161 0.80 1.72 1.09
se 0.28 042 043 098 2.68 1.02 0.41
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Table 4 (. .1 g‘)

[ 4 ﬂ(},‘]!{? Ny ,z%.f q,sj-p bvﬂ\xj- ‘ﬁ"/”‘" Mg ﬂ?“p.cfo7\

Cons=an S v LBR DIV RTB TRM
Parame~ers of~he pricing kernel
) 0.22 0.00 040 0.28 —0.20 —0.56
& 1.00 0.02 046 0.27 264 0.22
Fae~or risk prices
A 1.52 —043 -0.28 —0.03 0.85
se 0.79 0.37 024 002 0.34

N J J
4 nc)fK?f? Ny f@,&f C o n "N F d‘@f“ﬁr g ﬂ? "Cfo"\,b"f%’GN')
Cons~an~ NRINV RINV GNP NRINV GNP RINV+GNP

Parame~ers of~he pricing kernel

0.92 —0.01 —016 042 —0.04 —0.09
sbe 0.27 016 007 0.22 007 0.04
Fae~or risk prices
A 0.33 1.76 0.03 0.86 533
se 0.85 1.31 0.58 121 3.24

B 1ol gt Comm W B ot e d b g IV

Cons*an~ NRINV RINV JAN NRINV#JAN RINV=JAN
Parame~ers of~he pricing kernel
i 1.41 ~0.24 0.09 —1.44 0.90 ~0.19
& 0.21 047 007 0.53 0.37 045
Fae~or risk prices
A —0.63 —1.38 045 —1.25 —0.03
se 075 1.44 0.08 0.59 0.61

A ;
4 nQ/M-‘? "y /p# FFS v 1,0y, ﬂh;’g‘r‘

Cons~an= LT SMB HML TERM LAY
Parame~ers of-*he pricing kernel
) 1.23 —0.05 0.00 —0.06 —0.21 1.25
& 0.52 0.02 0.02 0.02 041 0.78
Faeror risk prices
A 1.51 0.58 142 0.23 —0.06

se 0.79 042 041 0.51 040
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repor=s-~he model’s pricing errors along i*h-+he errors from-+he FF3 model as
a comparison.-No si%e , & is apparen~ and Campbell’s model prices-~he small
gro ~h 5 mMS beser-+haif’*he FF3 model.-While a B/M g, & is presen* in-~he
pricing errors of Campbell’s model, i*s magni de is nd® large.- Overall, ~he
pricing errors for Campbell’s model are no~ bigger ~han ~hose of ~he FF3
model,  hile~he laser model is cons~ ered ~0 price ~he siZe G, S and B/M
4 eex~Hoever, Campbell’s model fails-~he § PLM »es~-Th s, *he parame~er
¢¥imares mg bey ns*able and shqy 1d be) sed ca)+iq) sb -

The las~ mon=hl models e repor~ are FF3 i~h nonscaled fae~ors and FF3
wi*h facrors scaled s JAN.-FF3 is repored becg) se i* is so  ideh § sed, and

wE wilt* +O esamine ho,, i~ prices ~he si% and B/M Gy £€°S: which i is

cons* e*ed ~o0 do.- I does no~ pass ~he ~es~ of HJ-disMince eq) al Zero.-
Parame*er esrima*es for FF3 _are presented in Panel G of Table 4. I is
some  ha= § rprising ~has on;b“ vw and HML are imporan~ for-~he pricing
kernel, and +~hg are also signj, cansh priced risk faerors.-Panel E of Fig-4
provides-+he pricing errors for FF3.-The problem por~folios are~he lo es* B/M
Wi-‘h smalles~ and second smalles~ si%es, Which are overpriced  -~he model.-
Th) s, ~he faeror SMB canno~ adeq a*eh capy re ~he size g ee~ in ~he
porfolios, and SMB is no~ signihrcamb priced in ~he } ncondi*xihal version
when risk prices are held cons~an*.-

The mon~hly FF3 wiﬁ-h faerors scaled  JAN is repored in Panel H of
Table 4.-I+ passes-+he-*es~ of Hldissance eqy al fero i*h a  -va} ¢ of 0.101.-
From ~he parame*er es*ima+es,” vw, SMB and SMB-JAN are imporan~
faerors for-~he pricing kernel.-For-+~he prices of risks,” vw, HML and SMB -
JAN are signj can*-This is consissen* i*h +he vie  -#ha* +he sife q ce~ is
primarih a Jany ap ee~ as ~he prices of risks forb vw and H are
essen*iallh ~he same acrdss-~he models withgy~ and _ish scaling ks ~he Jany ap
dy mnay - As mensioned in ~he previgy s seesion, if *he B/M ¢ eer ocq rred
maing in Jan) ap, and HML explained ~he B/M g, e~ HML “’;Q} 1d no~ be
priced g +side Jan) ap ~Th) s,~he res) Iss=ell} s eishef*here is s~ill a signj, cans
B/M g ee~ g)~side of Jan} ap or+here are some o+her risks ,;hich can be priced
& HML.-We also esamine-~he pricing errors+o see | herher scaling by JAN
realh improves on-+he performance of*+he FF3 model in an in*eres*ing & ~In
+~he Panel E of Fig-4, e L,nd*haﬁ- scaling+he FF3 facrors _i*h JAN acy alh
red) ces-~he pricing errors & 02% for-~he smalles gro ~h s=ocks.-Since ~he
FF3 model alreads cap% res~he B/M ¢ ee~ reasonabl well, JAN does no=
improve-~his dimension.-Bo~h models pa‘§'§—~he § PLM ~es~ -

The pIs q‘| arrerh model is+~he JW model.-I* marginaly passes-~he-+es~ of
HJ-dissance eqy al ero i*h a , -va}) ¢ 0037 The parameser essimases are
presen~ed in Panel I of Table 4-Onh ™ | gr is sa*isticalh signihcanﬁ in ~he
pricing kernel.- For ~he prices of faeror risks,” [pr is also signihcan* with a

_post+ive sign.-In addi*xion,~he price of marke~ risk is marginall signi, can=, B~
prREM 18 no* priced in con*ras~~o Jaganna~han and Wang (1996).-The pricing
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errors of =he JW model are repor=ed in Panel F of Fig-4~ogesher i~h-~he
q‘; arrerh FF3 model Wi*h nonscaled fae~ors as a benchmark.- Bo~h +~he size
8‘ eer and+he B/M ¢ ee~ are eviden~ in~he JW pricing errors, hich range from

%5%-+0 2% per q) afer-These pricing errors are g i*e large compared-+o~hose
of »he FF3 model.-Th} s,~he qj arerh JW model passes~he HJ-disxance ~es~
no~ becg) se i* has small pricing errors by~ beca) se i~ has larger s~andard errors.-
Hence, g} r q) arverh version of+he JW model wi*h nonscaled fae~ors is no~ an
economically in*eresting model.-I* also fails+he § pLM=es* indicasing-~has~he
parame=er es*ima*es Mg be,‘g ns~able.-

The second q} arrerh model is Campbell’s model wi*h nonscaled fae*ors-The
»es~ of HJ-dissance eqy al Zero has a ,-va}j e 0.016.-Panel J of Table 4 provides
~he paramerer estimases, and as in-*he mon=hh models,~he~erm premj m is
impor=an* in~he pricing kernel.-Bo~h marke~ risk and~erm premy m risk are
priced fae~ors for=he risk premj) ms.-The pricing errors are repor~ed in Panel G
of Fig-4=oge~her  i*h+he benchmark FF3.-The pasern of-+he errors is vep
similar~o~he mon*hy errors in Panel D.-Campbell’s model improves on-+he
smalles= gro ~h porsfolio, B~ i* has an eviden~ B/M % ee~- I+ also fails-~he
$ PLM »es~ - ”

The ~hird q} arrer model is Cochrane’s model wi*h fae~ors scaled Iy ~he
g clical elemen* in lag GNP.-The parame=*er esxima*es are given in Panel K of
Table 4.-For+~he pricing kernel, borh RINV and RINV - GNP are impor~an*,
and bo~h have marginaly signibcanﬁ prices of risks~- This is consisten~ _i*h
Cochrane (1996) ;ho demonssra=es-~he imporance of residen*ial inves*men~.-
The HJ-disrance meas) re drops from 0.626 for Cochrane’s nonscaled faeor
model+o 0.559 for i*s scaled fae~or model.-In all of*he models disg ssed above,
~he scaled-faeor models perform beser-~han nonscaled models in-~he sense of
HJ-dis*ance, and e con, rm ~ha* ~he scaling fae*ors are economicall
in=eres*ing » looking a~~he pricing errors and paramerer estima=es-Ho ever,
for Cochrane’s model,~he improvemen* in HJ-dis*ance does no~ ac—% ally come
from~he improvemen=s on pricing errors.-This can be seen in Panel H of Fig.-4.-
The pricing errors of~he nonscaled model sho, a dis*ine* pas=ern of si%e and
B/M %‘ eers.-The scaled faexor model shif+s mos~ of+he pricing errory pward b
0.5-1%%.- There is improvemen~ onh for-+he , rs* por~folio.- The smaller HJ-
disrance for ~he scaled faeror model arises beca) se ~he addi~ional free
parame=~ers make i* easier for-~he scaled-facror model+o solve~he minimiZa*ion
problem _i*h+he par~ig lar wEigh*ing masria-This is signihcanﬁ s*ar~isvicald ,
b‘p * is no* in*eres*ing economicakl -

Panel L of Table 4 repor=s-~he q‘| arrerh Cochrane model w;"h fae~ors scaled
& JAN.-Bo~h JAN and NRINV - JAN are imporan* for-~he pricing kernel,
and ~he same+ ;o fae~ors also have signibcan’ prices of risks.-B looking a~
Panel H of Fig-4, ey nd afeer con*rolling for-~he Jan} ap §, £~ ~he pricing
errors are shifred don ard by 1-1.5%, hich is a big improx’%menﬁ- for vaj e
p rms-The B/M %fe- is mitigared by~ s+ill presen~-Thy s e concl) de-~has~he
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improvemen*~ in HJ-dissance arises from an improvemen~ of pricing errors.-
Bo+*h Cochrane’s scaled fae~or models are s~able, and ~hg bo*h pass +he
$ pPLM »es~ .-

The ¢ areerh FF5 model i*h nonscaled faerors is provided in Panel M of
Table 4.-I» passes~he~es* of HJ dis~apce eq al Zero wih ~vaj) € 0.018.-From
+~he paramerer esrimases, €4 nd-+h vw and HML are de~erminan*s of ~he
pricing kernel, as in-~he FF3 model, Hp-*he =0 macro fae~ors, TERM and
o PREM are also signi}‘can’ de*erminan*s of-~he pricing kernel.-The-~_o macro
faerors do no~ have signihtcan’ prices of risks.-The pricing errors from FF5 in
Panel I of Fig-4 are almos~~he same as-+hose in FF3.-There are onl small
improvemen*s on ~he smalles~ gro ~h porfolios.- Unfory nasch , —-he * w0
addi~ional macro fae~ors bring ms*ablhg in~o+~he model as i* fails~he §y pLM
~es~ -

There is one las* isg € 0 no*e.- All of =he models do wEll in pricing ~he
gross re§ rn of ~he T-bill.- This implies ~ha~ al*hg} gh ~he minimi%a~ion
problem does no~ gy~ a parig lar}g large elgh- on~he T-bill re§ rn, i* does
no~ ignore i* eivher.- O~hers, § ch as Le-a¢ and L) dvigson (2001b) and
Jagannarhan and Wang (1996), ond inc}) de s~ock porfolios and have big
essima~es for ~he %ero-be~a ra*e.- We estrima*e ~he Zero-be*a ra~e for each
model.-For mon*hl models,~he ra=e is arqy nd 0.4% per mon+h; for q) arerh
models, i~ is argy nd 1.8% per g} arer.-We believe ~hese es~ima~es are more
reasonable.-

TP 2o e A fp e

We nored above+~has+~he so}j+ion for+he HJ-dissance from-+~he N} 1l model
provides~he leas~ vola~ile elemen~ of*he se~ of} e s~ochas~ic discqy n= fae~ors,
M. From Eq~9) e kno, ~ha= [ . , and Eq~(10) provides ~he
es*ima~ed vaﬂ es of ~he Lagrange my 1-1phers The srandard errors of -~he
Lagrange m) I*ipliers are fqy nd from Eq.-(24)-These vaj}j es for~he N} 1l model
are presen*ed in Table 5 for+~he mon*hl and q} arrerl da*a.-

The Lagrange mj I*ipliers can be in*erprered as porsfolio wEigh*s on +he
basic assess-Thg are~he prod) e~ of~he HJ-dis~ance wEigh*ing ma=ris and-~he
veeror of average pricing errors from +he model.- As borh ~he eigh*s and
~he errors dj er across assers and beca) se ~here is correlasion across ~he
elemen=*s ofj%é my Isipliers,~he i mﬁerpre-a»lon of »he individ} al ygmhcance of
~he my Mipliers is bes~ done i*h cg)~ion.-Neverheless, for monﬁh}a da=a, .,

p nd +ha~ por-folios 11,14, 42 and 53 as _ell as-+he é:k free reg rn haw’e
Sﬁ-aﬂlsﬂ-lcaLb signiy can* my Iipliers hen~he individ) al cods cienss are evaj) a~ed
a~ =he 5% crisical level.- For g arerh da~a, ~hese same por~folios pj s
por~folios 41 and 54 are also impor~an*.-The imporance of-*hese por+folios is
consissen* _i*h+he observasion-ha~ _i*hin each sife qj in*ile,~here is a~ leas
one large spread posi*tion in jhich one of-+he Lagrange my Iipliers is a large



Table 5
J. for mon=h} and qj arrerh n} 1l models

The da~a are re§y rns on~he Fama-French 25 por~folios in excess of*he T-bill rase and-+he rej rn on

~he T-bill.- Mon*hd da-a are from 1952101 ~0 1997!12; q arerh da*a are from 1953'!01 =~o
1997 £ 04. Por~folios are ) mbered, .. #h, indexing si%e increasing from 1-+0 5 and indesing book-
~o-marke* ra*io increasing from lﬁc{ 5- The Lagrangian l\/ﬂ I«ipliers, A’s, are de}‘ned'm Eq~(10) and
~heir s~andard errors, se(4), are deh,ned in Eq~(26).-An as~erisk indica~es-~he parame~er is 51gn1hcan’
a~~he 5% level.-

Mon*hd Q arerh
Por+folio A se(4) A se(4)
1 —6.35% 173 —5.40% 172
12 383 241 ~3.60 2.32
13 ~1.75 3.27 332 3.52
14 8.76* 4.24 10.02* 4,69
15 372 371 —2.45 424
21 ~3.66 2.65 ~3.93 269
2 ~0.09 3.15 5.02 3.32
23 6.94 3.73 5.59 3.48
24 3.40 3.75 5.28 3.83
25 2.56 327 4.56 3.43
31 275 347 ~3.53 3.22
32 0.02 3.67 047 405
33 37 3.87 ~7.36 436
34 5.85 3.82 479 435
35 ~0.29 271 1.92 2.58
41 6.92 3.62 9.90* 403
4 ~10.59* 3.95 —11.97 448
43 0.09 3.66 091 3.98
44 —0.67 3.10 —4.63 3.64
45 0.36 233 233 2.57
51 178 243 0.28 2.39
5 ~0.25 341 1.21 3.5
53 5.65* 2.70 5.48* 277
54 422 2.64 —621* 2.85
55 ~0.30 1.67 ~0.16 172
S —0.18* 0.02 —0.42% 0.06

posi*ive n) mber and ano~her one close & is a large nega~ive 5y mber.-For~he
small , rms, ~he porfolio posi+ions indica*e being long high B/M rms and
shor~ 1o w B/M rms. -S mming i~hin a si%e q; in~ile reVeals*ha’- one G 1d be
prlmarlb long ~he second and shor* +~he fg) rh size q in~iles.- Beca se ~he
spread posi*ions are probabl assomaﬁed with a single sq rce of risk, i appears
»~ha~ ~here are essen~ialh fo r sqj rces of signj, can~ eq) iw risk in ~hese 25
por~folios.-
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45. C4 B.r;.ryg, o oMo Wk f o}

An al*ernasive _a -~o compare models is-+o inc]} de ~he fae~ors of several
models sim) I*aneqy sb in*o-~he model of ~he pricing kernel and perform an
e.d; sion ~es~ asking he—~her ~he second se~ of fae*ors is necessap in ~he
presence of ~he 4 rs~.- ThlS seerion performs a limi~ed companson becay se~he
large dimensionaligy of=+he fac~ors and scaled facror makes § ch a comparison
impossible.-

In ~he anad sis above, borh ~he Campbell model and ~he Fama-French
+hree-facsor model are reasonabh s ccessfj 1.-Bs inc)) ding-+he- o addi*ional
FF3 faerors, SMB and HML, in~he pricing kernel of-*~he Campbell model,
one can -~es* he=her ’hﬁ; are s1gnlhcan- addivional de~erminan*s of -~he
pricing kernel.- The res) s of ~his anal sis, are presen-ed in Panel A of
Table 6.-No*ice~ha~ none of+he individy al co c1ems is signi, can* a~~he 0.05
level of signj, cance, in s-rong contras=~o-~he res} I*s of ~he 1nd1<'1cﬂ al models.-
This is an indica*ion of mj Iicollinearig - Correlasion across+he faerors also
makes-~he eac)) sion-~es*s inconc} sive-The ,-va} e of ~he Wald -~es~-~ha~+he
parame=ers associared *h SMB and HML are Zero is 0435 indica*ing ~ha~
~hese faerors are,) nnecessag once-~he Campbell fae*ors are presen*, bj+-+he
comparable-+es=~ha*+he FF3 model does no* need~he fq) r addi*xional faerors
of Campbell’s model has a p-vah e of 0.215.-Th) s, since ~he fae~ors of ~he
respeesive models are signi, can*  hen 1ncfg ded 1nd1<'1d} alh, e can concl) de
+ha* ~he same basic mformaﬁ-lon is cap*a red in da‘ eren* wa;s Y *he* 0
models.-

To avoid problems ih mj Iicollinearigy , Campbell (1996) orhogonalizes
»he faerors and scales+hem+o have~he same variance as~he marke~ re rn.-The

s~ fae~or is-~he marke~ re§ rn,~he second is+he par~ of labor income-ha~ is
no~ eaplained by ~he marke~ re§y rn,~he-~hird is~he par~ of +he dividends ield
~ha* is no~ esplained Iy ~he marke~ reﬁ rn and labor income, and so on.-When
w€ Place~he= o Fama-French faerors af~er+~he , ve Campbell fae~ors, e ask

whe=her-~he pars of SMB and HML-+ha= canno~ be eamplained ky ~he Campbell
fae-ors are signj, can* deserminan*s of =he pricing kernel.- The reg I=s are
presen~ed, in Panel B of Table 6.-

The cods cien*s on" vw, DIV, TRM, and HML are all more~han 1.5~imes
~heir s~andard errors-In par*iq lar, even ~hg) gh HML is placed las~ in-~he
ordering of variables, i*s , -va}) e remains 0.069.-Thy s, HML appears+~o add
some independen* informasion -~o -~he pricing kernel over and above ~ha*
provided y ~he Campbell fae*ors.-

Panels C and D of Table 6 repor=~he regj I*s of a ky brid model ~ha~ ) ses
~hese fd* r elemen*s wiﬁh or*hogonalized fac*ors.- The Iy brid model has +he
smalles= HJ-dis~ance, 0.285, of am of ~he esima~ed models, and ~he ~es~s
indica~e no evidence agains~~he model, eacep~ for+~he s*abilig ~es~  hich again
indica~es posen*ial problems i*h-+he model.-
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Table 6
Combining faerors of Campbell’s model and-*he Fama-French-~hree-faec~or model

The da~a are re§y rns on~he Fama-French 25 por~folios in excess of*he T-bill rase and-+~he rey rn on

+he T-bill.-Mon*hh da*a are from 1952!01-*0 1997!12; qj arerh da=a are from 1953!01 =0
1997104. The fae~ors are colleered from Campbell’s model and FF3.- We ,'; se Choleslk
decomposi*ion-+o0 orrhogonalize fae~ors in Pdnels B and C.-The parame*er es*xima~es, ", are faeror
prices dehned in Eq. -(3)~The s~andard errors for _ are provided in-+he ro, of se-The -J’an e for~he
e~ =0 is ( = O) HJ-dis~(9) is Hansen-Jaganna~han dlsﬂance -m]'; e for ~he ~es» 6 =0
calg) Pa-ed,g n(f r%he nj 11 § = 0 is, (6 = 0). Maag-Error is~he maimy m anny al pricing error for a
por~folio  i*h ann) al ssandard error of 20% } nder-~he assy mp~ion Eg )= E( ,) The s~andard
error for HJ disrance } nder+~he alernasive ]mpo-hesm 0#0 is se(d )-The -vaf; e of *he op*imal
GMM-es is, (J). The vaj) e of §§ pLM sa~isrics is § pLM-An asrerisk indicares-~he model fails~he
$ PLM~es~ a~+he 5% signi}‘cance level.-No.-of para is~he ny mber of paramesers.-

Fae~ors Cons*an~ o VW LBR DIV RTB TRM SMB HML
2 "va! Be o p wei¥ ot oo 5”@9‘ f@/(k ot o " ot o.gog;fg)

; —0.31 —002 —041 043 0.70 —0.38 —0.02 —0.06
e 1.03 0.02 033 027 333 026 0.02 0.03
p(b: 0) 076 0.35 074 041 083 044 0.37 007
K ”&fB: 1;; ;fg‘l\l? K‘Cé}‘ olé‘ © »0‘ 3”‘:’ * (’@/(h Cfo‘/‘b 3 o*' o.goﬂvfg)

;, —0.31 —0.05 —-0.03 041 0.07 -010 —-0.01 —-0.03
e 1.03 0.01 007 0.06 007 0.06 001 0.02
p ( b 0) 076 0.00 0.61 0.09 027 042 046 0.07
Fae~ors Cons*an~ » VW DIV TRM HML

J A\ J
np/C" Ii‘- dl o‘l\p K'dé ()I* ’;‘—]J‘“" (P p/(h Jt o‘lxh I 0* agoﬂfg)

) 002 —0.05 009 —-014 —0.03

sc 095 001 0.06 0.06 0.02
p(b: 0) 099 0.00 042 002 041
HJ-dis~(5) p(5 =0) Maag-error se(0) p(J) S pLM No.-of para

m} R A A}
K ”@fD ’ ""’""hlr‘\iv X o | bﬁ‘ + 4 of
0285 0235 5% 0.058 0144 192.736 5

The ing ixion of *he Campbell model is~ha~ ag variable ~ha~ prediess-~he
marke~ re§ rn in a my ivariase sesing is a po*en~ial facor ~ha~ a“" ee~s ~he
cross-see~ion of asse~ prices-To deermine  heher HML arises as a r rigk faeror
within-=his ressrieved con*ext e es-lm&-ed a veeror gj~oregression of~he fg} r
fae~ors-The res s indicare~ha~ HML is no~ an impor=an~ deserminan~ of-~he



o~her ~hree variables beca} se ~he smalles~ ,-vaj) e associa-ed with ~he
co ciens on HML in am of he =hree eqy a*ions as 0.336.- The HML
eq) a~ion also indicared ~ha* none of~he o~her-~hree Varlables Is a signi, can*
dererminan~ of HML, al*hg gh ~here is evidence of o,n serial correlaxion.-



Table 7
Roby sness=es~ for nonscaled res rns models

The=~es~s are based on re)l; rns on~he Fama-French 25 porfolios in excess of+he T-bill ra~e and-~he
re§ rn on-+he T-bill, condirioned on+he+erm premj m,~he dj erence ing ields be~ een a 30 ear
governmen* bond and a oneg ear bond.-Mon*hl da*a are fr(‘fm 1952101 =0 1997'12; q.; arerdh
da~a are from 1953 01+~0 1997!04. The, -valj es are! p 1,~es~ of HJ-disrance = 0} sing parame=er
essimares from oprimal GMM for corresponding nonscaled re§ rn models; p2 ~es~ of op*imal
GMM over- 1den~1}‘caﬂon 4 sing parame*er estima*es from op*imal GMM for corresponding
nonscaled re§ rn models; , 3,+es~ of HJ-dissance = 0 sing paramerer esxima*es from minimizing

HJ-dis~ance for corresponding nonscaled re rn models.-

NULL CAPM CCAPM W CAMP FF3 FF5
B, p Moqnf\b”,p Ly ?M1%nnb”h o
»l 0 0 0 0
2 0 0 0 0 0 0.001 0.003
3 0 0 0 0 0 0 0
. ) -3 )
BB M e pp gt A TR Mg g i 1P
)l 0 0 0 0.002 0 0 0
2 0 0.004 0 0.004 0 0017 0
3 0 0 0 0 0 0 0
B fC M e g3y A o . g i fha b o JAN
)l 0 0 0.001 0 0 0 0
2 0 0.001 0.036 0.002 0 0.007 0.086
3 0 0 0.075 0.004 0 0.001 0.001
NULL CAPM  CCAPM JW  CAMP COCH  FF3 FF5
A ; T ]
4 n)/D-} My ,zp#.\b p lt ’A/b' » M vy B A, ﬂh;’g‘r‘
»l 0 0 0.014 0.002 0 0 0002 0.003
2 0.003 0005 0012 0.006 0 0 0040 0049
3 0 0 0.006 0.001 0 0 0001  0.002

E: anE-{? My F@/Lf‘\b ?‘f‘ My ’tv,Lf"\l' #‘{,"Lp s
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book-~o-marke~ g} iniles, average re§ rns are generalh decreasing in si%e.-The
) ncondirional CAPM canno~ esplain~hese reg rns.-

We consider ond linearized versions of ~he models, and w€ evan a~e ~he
models i*h borh nonscaled faesors and scaled faesors, here ~he scaling
'®e ces eirher by siness-g cle movemenss or a Jan) ap dy mngy ~-The models are
compared ) sing ~he me~hodologs of Hansen and Jagannarhan (1997) wio
recognize-~ha*+he es«ima~ed dis~ance be~ een a model’s pricing kernel and-+~he
+ e pricing kernel also is an essima~e of-he masimal mispricing of a por~folio
of =he asse=s.-We also evalj are *+he models } sing-~he op*imal GMM =es* of
Hansen (1982)-In general, ey nd lisle disagreemen~ be~ een+he+ 0-+es*s.-
Finall , e eva}) ase-*he-*emporal s+abilis of-*he paramesers) sing+he § pLM
~es= of Andre s (1993).-

For mon*hd models i*h nonscaled fae~ors, Campbell’s (1996) model is-~he
ondy model~ha* passes-+he-+es~ of HJ-dis~ance eq‘; als Zero, and i*s es~ima~ed
HJ-dis*ance is also smaller~han-~ha~ of *he Fama-French (1993)-+hree-fae~or
model.-Ond ~hree of~he, ve fae~ors in-~he model appear-+~o be impor~an~'-~he
rey rn on~he marke~ por~folio,~he dividendz ield, and-~he~erm premy m.-The
HML fae~or of*he Fama-French model also has independen* informa~ion over
and above-~ha~ provided Iy ~hese-~hree fae-ors,~Unf0p':; na*ch ,~he Campbell
model fails~o pass-+he s~abiligy ~es~- While-~he sim} lavxion s§ & of Ahn and
Gadaroyski (1999) provides some $ ppor-~ha~~he small-sample disrily~ions
of~he HJ-dis~ance-~es~ are reliable for g r sample si%e, no comparable s d of
~he small-sample dis*ritj-~ions of ~he s*abiligy ~es* has been cond} eed.-Th} s,
addi*ional § & of-*he Campbell model is desirable.-In par+iq lar, e eval are
ond ~he linearized version of-~he model.-

Scaling-+he risk facrors of-*he models  i*h+he g clical elemen~ in ind) s*rial
prod) evion as meagj red  ~he Hodrick—Prescos (1997) 4 I*er improves -~he
performance of several of*he models.-The CAPM, CCAPI\/E and Jaganna~han
and Wang (1996) models all have signibtcanﬁ codx cien*s on-+he scaled fac*ors.-
There is also evidence ~ha~ pricing in Jan) ap is signiy, cantd d'}Peren* ~han
pricing gy +side of Jary ap -For esample, _hen+~he+hree facrors o*he Fama-
French (1993) model are ensered i*hqy~ scaling, on -~he marke~ re§ rn and
+~he HML por+folio are signihcarr risk faerors.-When-he fae~ors are also scaled
wih a Jan) ap dj mnm ,~he marke= rey rn and-*he HML porfolio resain+heir
signihcance and-~he SMB por~folio is signi}‘can’ in Jan) ap ~This las~er model
also passes-~he s~abilig ~es~.-

Wi*h q‘; arverd daxa, none of+he models wiﬁ-h nonscaled faerors passes-+he
~es~ of HJ-dis~ance eqy al~o Zero.-Never~heless, ~he sim} lasion res) I»s of Ahn
and Gadaroski (1999) § gges~~ha~~hese res) Is shq) Id be interpresed i*h
care as-~he sifes of *he-*es*s appear-~o de*eriora~e in-~his sample si%e.-Nei*her
scaling  i*h ~he g clical componen= of GNP, as meas) red  -~he Hodrick—
Prescom (1997) 4 Ier, nor scaling _i=h-~he cons) mprion- ealh series of Lex~a)
and L} dvigson (2001a) has m} ch of an'M } ence on-~he res) Iss.-



Addi*ionally , none of+he models, ei*her mon~hl or q'; arerh appears-~o be
roby s~ in~he follo ing sense-When e esxima~e-~he parame=ers of-~he models
) sing~he basic re rns and ask-~he models+o price-~he se~ of asse*s cons*fj e~ed
& scaling re§ rns _i*h~he+erm premj m, all of-*he models fail.-

There are several direesions in  hich-+his s% & cqj Id be emrended -Firs~, w€
cons*j ¢~ g r estima~es as if ~here are no -ransae~ions costs or shor=-sale
cons*rain*s in asse~ marke*s.- Hanna and Reads (1999) Lnd ~ha~+ransac*ion
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We o rs+ calg) lave paramer~er esximaes from oprimal GMM j sing ~he 26
re§ rns as

b: arg min gr? , bf *g-r? , b) (B.1)

Then, ) nder+he ) ll-=has is+he-+p e parameser,~he se~ of scaled rej rnd N
shqy 1d be correesy priced i*h . We calg lare~he ne,, J s~ais+ics as ’

J= gris ¥ ;))/Q. IQTF v ;))]719',';(s » b) (B.2)
where
- T-1 4
o® =7 Z P i DGED —p ) (B3)

The J-s~asis*ic is dissriy»~ed as a y>( A} nder~he 1} 11.-The degrees of freedom
are ﬂbeca'; se y€ have norhogonalig condi*ions, and w€ do no*~ es*ima~e ap
addivional parame~ers.- The same arg men~ applies~o HJ-dis~ance.- Wi~h ~he
ne, op'-hogonalig condi~ions for scaled rey rns, w€ need-=o calg) lare~he ne.,
0 and-~he dlS"I‘lh] »ion of 7% Smce*hetrs* s~age es~ima*es Iy op*imal GMM
are no~ veg eren~ from ~hose ob*ained from HJ-disrance estima~ion, e
choose+0) se~ 8 esqima~es from oprimal GMM-o calg la*e ne , HJ-dis*ances
for=he ne, scaled asses.-
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