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1 carly is that there is nothing vew in Wall Street. There can't be because

the hills. YWhatever happens i the Stock Marker today has happened

sen again.”

— Bdwin Lefevre. Reminiscences of a Stock Operator, 1925,

lized facts with

s have documented ¢

o
—
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Is there anvthing new on Wall Strect? For a generation econowm

stock market risk and return. Chief among these findings are
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5 in asset returns can largely be explained by cach asset’s covariance

|. Cross sectional differe

Iy

with undiversifable cconomy wide factors.

ifable factors varies over the business

2. The risk premium associated with each of t

3. Stock market retwns arc too large given coirmon cstimates of investor risk aversion and

consumption volatility.

incss cycles, understand

Leonomists have used these facts to explain cvelical investment. forceast bu
international capital fows and place restrictions on consmmprion growrh and volatility. Each of these facts
haie been well documented in post world war 11 dara. Would the sane findings be true in other tune periods?
50, what implications would they have for historians?

market research the world began in 1926, Not

fortunately. for most cconomists interested i

1 in market structure. of

because 1926 marked a wate ey, ot integration. but rather because January

I returns in the Center for Research in Security Prices (CREP) data

G is the first mont

sor. Although niost popular assct priciug models derive their content front macrocconomic fundamentals.
their cmpirical evaluation often amounts 1o cross-sectional tests of one set of assets” ability to explain the

cd asscts to conduct tesearch, the pre-CRSP era

prices of another. Without a large cross section of trac

has been largely ignored by economists interested in as DCTICCN assel eTurns alld

othorwise mnobservable macroccouoniic fundamentals, azing amoint of
information contained in asset returns. A large body of literarure exists linking asset returns to changes i
technology, intertemyporal marginal rates of substitution. « rion volacility, and consumption gz

Cliometricians. who often work in time periods for which we arve endosed wich much better financial asser

than micro-level data. have a long history of emploving asset retu

'Recent surveys imclude Campbell. Lo and MacKinday (19971 and Capmbell 2001y,

s o measure unobservable variables, If




a turn out to be robus: to earlier time periods, a collection of asset price

facts chscrved m post W3

spanning much of the United srates’s industrialization could be used o shed light upon agens consuwmption.

on. and prefercuces.

Tre-CRYP stock data are nor unknown to cconomists. The Dow-Jones Index began in 1885

Lo

a number of pre-

{ex of common stock rveturns. Schwert (1990) survey

Cowles created an often cited
1926 indexes. Attack and Rousscau {1999) and Rousscan (1999) have collected stock prices and dividends

fromn the Boston stock exchange. Ibbotson & Goetzman (forthcoming Journal of I inancial Markets) have

to 1871. Finally. Bossacrts and Fohlin (2000)

collected monthly closing prices from 1
have collected holding period returns for a large number of stocks trading n CGermany between 1881 and

Bach of these indexes are inapropriate for a studyv of U.s. risk and renurn. however. because they cither

11

do not nclude holding period retwrns. do not include U5, assets. or are derived from a small cross scction

of assets

VS
N Y

is a value weighted index of all stocks listed on the Boston. Philadelphia. and

The ¢

anges betweon 1871-1926. Unfortunatels. Cowles did nor use actual security prices

Baltimore sto

to compute his index. Instead. Cowles wsed the average of cach securitios monthly high and low price.
I ) B )

While this method does a fine job of capturing general changes i the price level this averaging technique is

R e }
woefnlly inadequate for cconomists sceking to nk stock ni wrker return to variance and covariances. In order

to estimate and evaluate asset pricing models, we reqguive a cross scetion of security holding period returns.

The practice of forming portfolios from average prices af securitic acing on different dayvs renders Cowless

Index inadequate for estimating and evaluaring most ssset pricing models.

Unfortunately. cach of the indexes surveyved in Scwere are cither derived from sparse data, do not include

‘or from the averaging problem of Cowles’s data. Ibbotson & Goetzman's data ave ragher

dividends. or s

sparse (on average 1/10 of the obsorvarious employed in this sindy ) and does not include dividends bevoud

Lort
The aesct vomimis colleetad T A= and Ronsso (19991 Resson (10095 hel Mohiniug (200000 5y
from actual holding period retuns 1l do not suffer from averaging problems and could in principle he

used to place restrictions on the stochastic discount factors of Buston and CGerman investors respectively.

The cross-section of these dara are generally too small to apply the estimarion techoiques o1 ploved fn this
paper. With some additional assumptions. however, the Boston and German data could be used to extend

this rescarch to other markets and time periods.

wris collected from original sources. This daza makes

This paper introduces a new sample of secwivy ©

FL.
1

it possible to estimate the eross-sectivnal price o md piace hounds on investors [MRS and cotsumption

volattite, The next section describes the data and compares the listed to unlisted securivies. Secion 2

containe ostimates of the cross-sectional price of risk and cvaliates the link between business cveles and
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stock market risk premia. 1 hetween consumption volatility and stock

al section exami

fit
o

1 The New Yory Stock Market=s: 1566-1825

Quotations for all stocks listed on the New York Stock Exchange and Curb market. as well as over 500

¢ over-the-counter in New YVork. were collected from The Commenrcial and Financial Chronicle.

The prices are sampled every 28-days between January 1866 and December 1925, The sumn of all prices

30.785 scparate observations. Dividends, stock splits, merger and bankruptey

and dividends amounts to !
data were collected from varions issues of Poor's Manual. Moody's Manual, The Commercial and F inancial
Chronicie. and The Manual of Statistics. This data makes it pussible to compute 28-day holding period
veturns while taking dividends, stock splits. mergers and bavlouptcy into account. Detalls of the dara as

be found in table 1 and fgure 1 respectively.

Hred mdex of all stocks ez

well as a graph of thie value wel

tad Hocurities

One of the unique aspects of this data is the inclusion of the curb and over-the counter sccurities. Such
well known names as RJ Reynolds, Standard Oil. Consumers Power, Pacific Cas & EBlectric, Firestone.

llette, and RCA originally traded on the vibrant New York

0

Goodyear. Bethleham Stecel, Chevrolet Motors.

curb or over-tho-counter markets. Throughout this paper. I will refer to securities thar do not trade on the

NVET as -un-listed scenritios™. The un-listed securitics have been largely ignorved due to chelr exclusion
from most of the Cowles dara. If the inclusion of un-listed zecuvides alters the mean-variance set available

to mvestors. however. it is imperative that they be inchulded in any study of stock marker risk and returi.

istud stocks alter onr estimarcs of the risk and return opportunities avallable

Would rhe inclusion of un-

Y% sufficiently broad and diversified that the

vestors. o1 were the scourities available on the N

Jusion fonn pesr ~Dulics inconsoguential? This amonnts to

un-listod sccuities were redunciet and rhei e

~the-counter securities.

a test of the null hypothesis thar the NYSE sceurities spanned the Curb and o
A quick glance at table 1 will confirm that the rate of retivn on a valueweighted portfolio of unlisted

F

sccurities waos greater than the return investors achieved frow holding o value-weighted portfoliv of NY

stocks. At the samne tie. the variance of the NYSE portfolio was erearer than its unlisted counterpart while
the correlation between the two markets was low. Thisis prima jacle evidence that the exclusion of un-listed

ara stock markoers was unfortunate.

securitics from the past studics of pro-CR

Figure 2 confains graphs of the ox-post cfficient frontiers formed by NYSE listed =tu the com-

bination of all listed and uniisted seeurities™. The ex-post return of the valuc-weighred all stock portfolio

Wiers are estimated weing 5 aetaeserned portfolios, Details of the beta sorting procedure can be fonndd in Seetion 2.

e £
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rted portfolio. Tu facc. the ex-post return

stochastically dominates the ex-po

- frontier formed by NYSE portfolios. This

of the value-weighted all stock portiolio Les outside the

appears to be ovidence that the addition of mn-listed seariti nds the mean-variance fronticr available

to investors.
A word of caution is in order. Cbserved differcnces in the ex-post returns of two market portiolios are

insufRciont to conclude that the securitics of one market do not span another. Does the addition of un-listed

securities actuallv expand the mean-variance frontier or are observed differences mercly the result of sampling

rontier by solving the following minimization problem for different values

—

error? Ve trace the mean-variance

i /
sibhoowp =

where R is a T by N matrix of returas. & =E[R], and © = 1 ar| x-post estimates of the mean-variance

frontier are formed by replacing poaud T with their sample esthmares @ and . In any finite sample. our

i #

consistent. tnbiased cstimates of the sssers’ expected revurns and covariance matrix will be equal to the true

s and When we replace g oand

. )
population parametcrs plus some mean zero error”

with their estimates L and T and solve (1) the resulting minimun variance will be lower 1 than the minimum

variance one would find with the population values 1 and S This sampling bias assures that cx-post efficient
fronticr estimarces alwayvs span the actnal ex-ante an-variance frontier. Thus. cven if a linear combination

of NYSE stocks was ox-ante mean-variance efficient the portfolio will lie well within the ex-post frontier in
anv finire sample. In short. after looking at the data ibs casy to say T could have done better than the

I and Chevrolet in 1015171 What we

market portfolio by buving Civv Bank in 1876, Standard Oil in

requive is a test that takes sampling error into account when wo ask if the addition of un-listed sccurities

xpanded the mean-variance 101

such that the

ndom variable myp, Is a valid stocha

time ¢ price of a time ¢ 4+ § payotl X

R

= Flmy_, 0 {

~
-2

N

$Throughout this paper covariance mawixes are estimated via Sewey and Woest's 11987) frequency sero spectral densiy

CSTINALOT.
ST s is e Bistorieal annlea <o Coclrane™s (2001 example of 200 20 indizic i inex=post v, ex-ante frontiers. “Hy Mierosof:




2 of a stock Xpay = (Fron + Divigs). where P is the price of the stock and Div is equal to any

dividend payient. (2) can be rewritten ax a moment concdition on gross asset returms
Eryime) =1 (3)

Hansen and Jagannathan (191) recognized that the moment condition Ey(Rroiny) =1 implies a bound
P

on the mean and variance of valid discount factors. To see this. note that the moment condition in (3)

implies the following moment condition with excess returns in place ol gross returns’
B Ry meo) =0 ()

Expanding the expectation in (£

The fact that comrelation coefficients must lie between -2

| £ R ] < a

TR B ;.777){,H]

Equation {3) is the Fansen-Jagannathan bound on the variance of all valid disconnt factors given a risk-lree

rate and the sharp ratio of an asset. When there are mauy retuns. the slope of the fine through the risk-free

rate and tangent to the mean-variance frontier is equal to the maximum sharp racio of all possible portfolios.

Cwhere m® is the unigue valid discount factor perfectly

This maximum sharp ratio is also equal to F=

i

correlated swith the mean-variance efficient portfolio. As we alter E, 10"} we can trace out the mean-v

ance

‘. . . T :

fontier and the Hansen-Jagannathan bound. Figure 3 traces the space of valid discount factovs given the

mean-variance frontier of stock 1'6‘i'111‘115h.

Figure 3 denionstrates the duality between mean-variance frontiers and Hansen-Jagannathan bounds.
The bound is derived by setting |pp. .0 = 1. thus all vetins on the frontier are perfectly correlated with
each other and the minimum variance discount factors. Tris 5 s o natural spanning test. Bince each

nlean-variance portfolio is perfectly correlated with a nathan efficient discount factor there

must exist constants o. J.5. 8 such that’
me o= o= 3R

R = s by

P Ay excoss return ds the gross return of any portfoiio foriacd b the didfference between Lwo assets. Typically excess returns

are formed by subtructing the risk-free naset from a risky assc. Crice 15 so widesnread rhat the term “excess reoun’ is

She momens condition in (3) is true for returns

ised svnonymonsly with srefurn in exeess of the gross risk

ssoof any asset, risky or risk

U Coct

in exe

fueid discussion of the du S tlearevariance frontiors and Hansen-Joganaachan

jrane (2001) a particularis

Ca derivarion of the graphs in fzure 20 and proofs of - Hemwoen mean-varianee cfficient portfolios and minraam

yunl factors.

“Cochrane 20015 po 21




st and Urlas 1996) exploited this duality and the two-fund theorem to derive

Ce sSands (1993),

spaniing tests based on the Hansen-Jagannathan bound. ~he two-fund theorem states that every portfolio on

the e variance frontior van be replicared by aliner comtiarion of two mean-variance officient porttolios,

But every mean-variance efficient portfolio has a corresponding discount factor of the form m = o + BRI

Thus, a test of the null hypothesis that a set of listed asscis BEYVSE gpan a un-listed RYE amounts
to a test of the null hypothesis that there exists two constauts ) < a5 and Ao valid discount factors such
thart
my =
2 =
.
E,[mlv,‘z’?g =1
E/[)”HQ.,RELV = 1
Ey[moy P VIET -
Edma RYVIEL = 1
v, one can find an my and ms on the mean-variance frontier for NYSE stocks. however. if cach m is also

Trivially.

a valid discomnt factor for un-listed securitics. than the mean variance fronticor formed by the combinarion

i~ - . . — N E o L N , R . p . s
S NYSE ond RUL st coincide and 2V F spans RYE On the other hand. if there arc no discount

or

I

factors my and mo thar ave valid discount fac

NYSE d RYLE L than RYE is not contained within

I - ¢

4 y . N T - 1 17 z '.,_/ L . & <
the mean-variance frontior of NYSE stocks and the addition of BYF to the ser of NYSE assets expands the

mean-variance frontier.

lance [rontiers

Over 700 N¥SE and 900 un-listed stocks appear in the data sct. In order to estimace mean
and conduct inference with respect to spauning. these stocks must be conmbined into test portfolios. The
assets should not be randomly assigned to portiolios. however. [Istocks arc assigned at rau dom. the mean

variance frontier will become a point as the number of assors increase. Noreover. the means. varlauces.

and covariances of individial securisies will likcly change over long samples. The correlagions between the

. are much

ells Fargo compani

gs of New York banks and the

ywere as much a funceion of the s ksmanship

vearer today than in 1366 when the carnings of the latter

st in New York citw

- sorting procedure should attempt to mnhnize

of their rifleuien as the rate of wmra

S COVATIANCes.

the time variation in the port

)




‘o= based on their beta with respect to a market

llow the long tradition of sorting securitics 1nto porricl

Fama and Macbeth {1073) and Fana and French (1002, 2006) are prominent examples of this cominon

VST gtocks are sorted into test portiolios via the following procedure. For cach time period between

1963 and December 1925, the beta of cach stock with at least 20 observations over the past 60 time

¢

iods. is estimated via an OLY regression of the stock’s trailing 60 period returns on the rn of the

value-weighted market index of NVSE stocks. With beta estimates in hand, the N SE stocks arc assigned,

period by period. to one of 5 portiolios based on the magnitude of their trailing beta cstimate. The un- Alisted

¢ assigned to a single value weighted portiolio. This sorting pro ocedure vesults in 5 NYSE portfolios

assets
and one non-NYSE portfolio.
The returns. botas and correlation coefficionts o the § porrfolios can be formd in sable 2. The

post efficieur froutiers generated by the NYSE ~mos sortiolios and NYSE stock portfolios plis thie v b

weiohted porrfolio of w-listed stocks can be forsod in Homre 1. Awcain. the low correlation between the

cation benefits

portfolio comprised of un-listed stocks and the ~ porrfolios suggests there are diversi

from holding non-NYSE stocks.

1.1.2 A Generalized D

Our spanning test consists of an cvaluation of the null vpotliesis that the 3 NYBE stock po

fulios span the

o . . . L R . - . - , . - Sp— . . . . A"'E’A" > h
portfolio comprised of un-listed stocks. Combine the T % 5 matrix of NYSE portfolio returns. =07 SE aud
_ 7 . . .
the 7« 1 vector of un-listed portfolio returns ;. RUFinto a single matrix
o o [ Vi SE NYSE pULY
I = [1L1 . 5 R |
The null hvpothesis that -7 amounts =0 an ovaluation of the momens conditions
ERm s = L
By [Em S =
with § = a1 ar. 8. £.] and o # o
pnl o
= [l = -
N — p SE .
u(G)s = Erflas— 2 i
Srack the errors info a comion vector hp(8) = veco w & uifign The goal i3 1o pick the free parameters
3 = |3, By]to minimize 131 = Br(F) Why(8) for wuooprimadiy choscn weig o Under the

“The weighting matrix %V is extimated via Nowey and West's oo 1002 zore-frequency spectral dJensiny estimator,




G

that m(@); and m(d), are valid discount factors, Hansen [1982) demonstrates that

a2

TT(@) ~ 7 (6

I
L

I " . . L i = oo SR T T - T ~ .
Table 2 presents the results of the tests of wpariesis that BYY9F gpans R. The spanning tests

=

confirm that the addition of Curb and unlisted securities to investors opportunity sets expanded the set of
: : At " o . T I T N Y S E . : .
mean-variance choices asailable to early investors. The null hypothesis that B YEE gpans Bois soundly

rejected for the entive sample as well as all sub-periods.

Thus. the cxclusion of un-listed securities

considerable mformation about the set of valid

is nnfortunate in light of

o~ e AR T
.:.,r 406 Hi

changed over time? Did a finu ra in 1870 face the same onportunify cost of

Has the price o

capital as an identical firn in 1890 or 19207 K uot. and che mar

¢ risk preminm does change. is it related

to the business cvele?

There is considerable evidence docwmnenting the

dividend ratios. vield curve measures, the spread bery

follos comprised of “distressed” stocks (high debt/equ

- bool/market ratio) have all been found

Lo
T

to contain considerabic information about the concditinial expecrarion of the discount factor in the CRSP

era. All of these mcast yroxy for business cvele risk, is sungests the rerurn investors demand to hold

sremium also vary in the pre-CRSP era? I so. time

risky assets varies over the busimess cycle. Did the risk

discount factor. When onr candidate mean-varimee eficient portfolio is the market portfolio. we huwve the

well known Sharp-Lintmer capital asset pricing model TAPN). The CAPAI states that the expecied
1 1 ) 5 L

of any asset is a linenr function of the risk free vare aiud the market risk premimm. If the risk pr

9\ seareh of Jstor. Wob of Seienee and SSRN resared which nee the Cowles index as a proxy for £/

cupirical applcations or tke

fos predicability and the evelics] ariatin o risic promia is reuly mmense. Again. [ vefer the

I The literature on tie =

interested reader Lo recent survevs by Campbell (2000 and Cocirane 2001 5




is constant over the CAPNI places the following re ¢ on the unconditional expectation of asset
retuins
E ()

Where R, is the thne £+ 1 vetun ¢ preiim.

This is the excess return an investor demands to hold ox

M holds the

Qe ce

n cvaluate (7) by sorting stocks mto test pos

There is evidence. however. that

mean return of the test portfolios should vary linearly s

virh small market value.

for much of the CRSP cra {7) does a poor job of explaining the et
Specificallv. the return on the smallest stocks was too high for nue of the CREP era. This s the small firm

factors based on the

effect first reported in Banz (10317, Chabot (2000) finds similar ev
Pricing Theorem do a poor job of pricing the smallest stocks berween 5. Oue can evaluate

o

hesis that small stocks shave 2 comimon discount factor

by estimating the

CAPM using only large stocks and cvaluating vhe resulting discount factor’s abitirs tu price small stocks.

To evaluate (7) and account for the possibility that (7). does not hold for the smallest stocks. T employ

P
I

raima anc

| Frer

wh's sorting procedure to forw portfolios based on market size and beta.

8 and December 1025, the beta of each stock with at least 20 obser-

‘

vations over the past 80 time periods. is estimated via an OLS ession of the stock’s trailing G0 period

retirns on the verirn of the value-weighted market index of all stncl<. Wich beta estimates in hauc. the

stocks are assigned. i cviod. to one of 5 groups based o th w. Within cach group.

thie stocks are then ass ‘olivs based on the s ir railing beta estinate

bera sorted portfolios. ol the portiolios can be found in

» portiolio in mean return, beta space. fgure 5 corresponds

ot risk preminm (slope) and risk free rate iintercepn). GLS estimates arve

the use of estinated betas in place S0 DeTas.

via GV and the

¢ marker i

a matrix of test portfolio returns

moment conditions

a8 = ERmGh o -1 (3
miSn_i = a+ IR,




matrix. W. The risk premis

= A. 7 wminimize J(@) = =7

b

The GMM estimares. ) for an optinally chosen weighting

S can he estimated from &

_— T i 1
o= E[Rwl] [ Rey = Ryl
J = fF[? — RSB jrar
I i 30 is aovalid disconnt facror, there exisis o eonstang pislefree rare ol cisk promimn. Thuse o fest nf rhe

wll hypothesis that the risk premium Is constant amnounts o an evaluation of the nnconditional moment

couditions n (8.

ret. we can evaluate the over-identifying

There are fowvo wavs to evaluate the moment condi
pstr Alternntivels we ean measnre the distance hetween aid et discount factor
TesS flons, Alremati e CON IVCASITe TR aIstance WOCTL 17] Qi s Al ¢ scount ractor.

Recall that under the null that m(6) is a valid discount factors.

Where N is the number of mowment conditions in (2).
m{8) is a valid discount factor. what s the probability of observing the given mispricing i

an interesting question that provides valuable nsight with respect to the validity of i

can swvive the over-identifving test

set pricing can be lacking, A candidate discount fact

measurces of a
hy doing an cxcellent job of pricing assets. Altert arively. the candidare discount factor mayv do a poor

joh of pricing the assers. vot survive the test it the variance of the sample moments is hieh. Is the T.J(8)

statistic small hecause discount factors do a phenonienal job of pricing ax-cts. ov is the variance of carly

assot markets so oreat that we can not reject? To answer tlis question. Hansen and Jagannathan'~ 1997

sitgoest a distancn mensire thar does not reward excess volatility

The aver-identifving test is derived ander the mdidate discount factor under

rorvect prices to all asscts. An

consideration is valid. Thav is. the candidarce d

strictly speaking mi:

ative strategy is to recognize that ali

Rather than assume the candidate discounrt f Hanscen and Jaggal

—~
-
o

assimie the discount factor assigns incorrect ~he candidate discount

from the space of valid dizcomnt factors.

Al e

Detne iy

—_ 2 e — \“' w1 - L [T R
L= {rf L= Do sow = Ry s the spree o possibie e

w,, is the n-th clenient of the vector w. Define w pricing funcrional on Z7 as

.

No=

e, € R oand

Under assumprions outlined in Hansen aned Jasannathan {1997) there exists @ valid stochastic discount factor

—
o~




m € L2 such that'!

1
m
KA
fa

Ler o™ denote the set of all valid stocha factors which are strictly positive in all states of the
. ‘1\ (1A 0 o ll 1 it factor hich it 1‘\‘ Seoe = [ ) — 7[,,] Y, s . 1 Taoannat he
world, Civen a candidate discount factor. y. which implies prices =, () = Elryl Hansen and Jagannathan

(1997) sucw 4 the followme measure - G e b
1907) suggest the following measure of mis-specification

y = mil (10]

&5

is the least squares distance of the candidate diseorns facror from the space of all valid discount factors.

Hansen and Jagannathan (1997) demonstrate that &7 i rhe following min-max hound on the wispricing of
all hypothetical derivative clains with a mnit norm??:

67 = min mas
mEp teEL2 e 2]

T = w, ()| (11

This, 87 is the maximmu wispricing. of all possible porcfolios with a unit sccond moment. that vesults

whes one 1ses the candidate discount factor i to assign prices instead of a valid discount factor. 67 provides

o~ ound on the mispricing that would result if onc used the candidate discount factor y to price

assets. By focusing on expected mispricing instead o1 expecied mispricing scaled by

Jagannathan measurc can be meaningfully applied to compare ca ndidate discous

124 sratistic and ¢ 7 for che entive sample as well

Table L reports GMAL extimares of the visk prominm. T

with large stocks is o w

There is litile ovidence of o small firm effect. Whils ~he mavaionde of wispricings of small firms Is. on

average high. the mispricing of the small fivms appeurs 7o be mean zero. Tliere is. however, considerable

o

cvidence rhat the marker risk premimm varvied diving tie pre-CRSP era. The esrimated risk premiwm vavies

‘caneh from one sub period to another. Furticrmiore. discoint factors cstunated with constant

WO

pranin o a ranarkably poor job of pricing asscts re middle of the sample. Taken together, these

2 the pre-CRSP era. This is not surprising given the

facts sugoest that the market risk premimm varied d

obsc resent dara. Juswrance and Anancial

I
(5]
[
T
ol

<od time series variation in marker risk premia

warkets are more complere today then Gy pre-CREP rines, Al seonrite, FDIC insnrinee, nuenplosent

- fmetional w(z) is continuous and lincar on 2L and there

- . . - - co o
UThe assumptions are 52 s o closed linear subspace of L=

sts a pavoff @ € X such that w(z) = L

Cliven these assimptions the existence of a valic stochastic discuint fictor i3 o direct application of the Riesz represcutation

Theeoreln,

oposition 2.2 The procd requizes the additional assumption that a valid discount

P2 Ths s ansen and Jagannathan (1997

factor oxists in g™




insurance and governinenc welfare programs, all co

recessions. Nonetheless., modern investors are unable to

consumption volatility standpoint) than pre-1¢:

hedge away all sources of business cycle risk and ansear 1o demand a risk premium that varies with recession

S7 era investors.

probabilities. The same appears to be true f

2.2 The Conditiona: CAPM

The failure of the mncondivional CAPAL to adequately price assets suggests a conditional model is in ovder.
Lot Bl denote the conditiounl expectation operator on =ome biformation <o The condivional CAPN

states that the conditional expected return of anv asscr is a lincar function of the risk free rate and the

irkeet visk premium

; N . . ,

Riql )= E{ Ry + 0, E — Reiq]l 4} (12)

Where | is the information set of investors at tlme t. 3, . = == W”_(IR\“' - I+
v ! £l :

< the conditional market risk prewinn. The conditional {4250 iwplies the following monient condition and

(g8

stochastic discount fe

ERiymyql = 1 (12)

.
Mie—y = O‘f‘—d;‘}?&,"‘,l (ll)

lous (137 are functions of ol information avaliahle to wvestors at thue toIn

The conditional expectaz

practice. we must limit our estimation to a small number of conditioning variables available to historians. T

model the dependence of ay and J; as o function of three time ¢ nstrnents z,.

Tl td CNDUCTavolls L

1 follow Cochrane (19967 and Letrau and Ludvigzon (19991 and mode the cou

(13) bv expanding rhe discount factor to include linoar combinations of portfolios scaled by =, Replace

Edm;eyiz ! with
I AN I
N G0 ED
where denotes the il 6 denoeies a veetor ol piariant weights. In principhe
seiting ap = [ag S a1z — a2y F a3z aad 3= by = bz A bazay - byzs.t 1s sufficient to account for

all conditional infornation in 5.

12




Potential instrumencs can be anything av rime t. Good instrumenes. however, should be good

o

predictors of changes in cconomic activity and conditional asset veturns. I, therefore employ the unexpected

changes in, the difference between yields on 60-90 da~ commercial paper and long term railroad bonds. the

business cyele variation in modern

X .

changes in the yield curve have proven to be excellent forecastors

times and mexpected changes in industrial production and trade have obvious ramifications for cconomic

activity. The final iustrument. unexpected changes m bank clearings. is ncluded due to its prominence

pre-CRSP ora business forecasting. Bank clearings were prominentiy displaved and cited as a nieasire o

ceonontic activity in the Mew York Times. and Banker's Gazette. Tu fact. bank clearings i leading civies
accomted for ronehly 309 of the front page of The Commercial and Financial Chronicle for over Sll-vears.

With instrmuents in hand. we can

CAIAN and the moment condirions

Z.2.1 0 Time g Risk Premisa
- :

The estiination results are presented m 5 and a graph of the conditional risk prauniu can be found

< an

in alay 1890, and =aw its nadir in April 1889,

in fignre 6. The risk premiuvm peaked

sxhibited large swings aronnd the United Stages’™s return to convertibility in 1875, the

era. the 1001-1804 business cyvele. and world war I Despite large swings in +he masker risk prowiun. there

e in S of the 3 business

i

appears to be no counter-cyclical pattery 1o the data. The ris

Q

cvele expansions between 1876 and 1925, The risk premimn also declined. however, in 8 of the ©

DS Oss

evele contractions between 1876-192

Sf ecnsumption at timae T--.

Nnagine a risk-froe real assoes

P

1wt price of this asser. Thus.

a1 oasset cxisted, the conditional expectarion Efm,_ ] woul

B 1 FAR. 1
+reciprocat of the real

Eomya] isequal ro gross risk-free vare.

E [y ] should contain considerable information about the business cvele. Given that Ei[m—i] is the tine ©

e of 81 worth of time © consumption deliver 28-davs in the huowre {777

1
|

uld be close

o

o

o the 28-day consumption growth rate. Furchennore. _4 0 shomid e greater than 1dul

T . [

Ed(ie /T i

and less than one during expansions. In facr. the time series estinate

[y}

growsl vate of L4250, and tinie serles vaiie of £.70._ 7 exhibir remarkable comnter-eyelical vartation

oy ewrndlrond bonds vields

Leoconmercie]

Unexpoected chialins s T S B W TR S P S

S the NBER. tseries m 130020 m 13003, m 12015,

sddietion are oy

clearings. and index of

respectively).




be found in figure 7. 1l only two cxceptions {January 1893 and 1912).

s Than 1 at business cvele peaks. During business

at business cyvcle troughs an

| Is greater ¢

cycle contractions, 337 of the ohserved values of Z 7., lic above 1 versus 38% percent of the ohservations
during business cycle cxpansions.

The time scries B, (.1 should be of great interost to historians. In this paper, Eimi—1} Is conditioned

on financial variables and industrial production. however. there me a number of Auancial variables that proxy

crence between small and

for industrial production. Fama and French's (19906) portfolios comprised of the diff

large beta stocks or small and large book value stocks are good examples of financial proxies for unanticipated

s, A7 historian working on time periods mid countries with financial data but poor

aggreoare measiure of GDP eould condition on abscrvable finaucial varinbles. fo identifv business cveles from

the time-series Fiimo—1 .

3 The BEquity Premium Puzzler 1868-1525

Mthoueh ghe sien of Erine—;) varies i the correct divection over the business cvele, the magnitude of

= & [N i A : =)

EJm, ] is implausibly large.  Of course. the realized series i,y exhibits cven ercater volatility. The
L 1] L ) 3 t—1 S 3

variance of 1, 1s constrained by consumption volatilicy. To sce this. note that investors demand a premium

eatively corrclated with my To see this.

to hold stocks which are positively correlated with consumption {(neg 3
let an investor's preforences over conswnprion at te anil # = 5 be represented by the wriliny functlon

Uler .o y. Then the stochastic discount factor is equal to “he ratio of the marginal urility of consnption

-

at rime £ oand time 74 <

P (16)
7y T . l()[.”(‘r\.,..:’_r“_wq
Mol [onofte Torn
E#[va—l‘ = 1\17]
celi e R L : : !
The sccond term —s=—g——pt= 11\3 irucie uf the risk premium depends
Hu'lee— :
o ihe maenitnde of the covarinnce berweow cousnmption srowth and returns. Stocks thar are hig

el

correluted with consumption growth have high rerims at the same thne that u'(c, ) 1s relatively low an

4 oan asset has little diversification value aned investors

low retirns when o/ (e, v is relarively high

denand a laveer expeered refurn in order 7o 5

the source of much consternation amony cconomists.

If oue uses the svalue weighted market index and post world war 11 data. the estimated annual U.S. risk

1k




lasibly high given postvar consumption volatility and conmon param-

1 T

the Hansen-Jagannathean bound"”

|E/[H/i]]| T

ey

—~
(@3]
s

hj

(‘/'R
The common time separable power utility and log normal consumption growth specification. implies
:‘E;[m, »1:

'

lEo R

where o(/¢) is the standard deviarion of consunption growth and ~ is the risk

aversion coefficient!®. The stock market's postwar sharp ratio of combined with Eelmya] =

k wversion coedlic

99 and a 1% postwar standard deviation of consumption growtl implies a 1l

This is 10-15 tintes the magnitude of risk ave

sion coefficients conmonly found in economic models. This is

rha and Prescot (1985).

“equity preminm puzzle” fArst reported in Shiller [1931) and M

A likely exolanation of the premium puzzle i “he sample itself. The past 50 years have been remarkably

s ihe volatilicy of consumption growth has been historically

oW, A0 econoinist looking at posiwar data in 1903 conld have made an excellent case that Jupanese stocks

ibited an “equity premium puzzle” due to their historically high retiwns and relatively low variance.

een vears later, no-one would argue that Japanese stock returns are unreasonably high. Likewise. there
were no economists in 1650 looking ot the pasi 60 vears of U5 stock data and concluding returns were

ven conswinption volatility. Perhaps the equ
[ A i

- premium puzzle observed 1 postwar U.S. data

too higl

ol

o
T

will vanish if onlv we have the patience to wall another 30 vears' r those who do not wish to wait. the

obvious alternative is to extend our current data set inte the past.

Using annual data in Shiller (1989) the standard deviation of consuption growth was 1477 between
1946-1985 compared to £33% in the 1890-1925 peviod. Likewise. the sharp ratio of the value weighted tndex
of stovk market cxcess reluris was (357 in the 1940-2020 period versus (255 i the 1800-1027 et It

> and rhe inclusion of more data would go o long way

appears that the equity premimun puzzle varies over

rovards explainineg the equity premium przzle.

The above argument is based on the observe

portiolio). Even if we look at the entire 18T1-T1687 rine period, BYis suwicientty volaiile that the 95%
conbdence mrersal o onr estimate Ffﬁ” R ramees o 24T o ww i~ ranee is too broad o taik

about the equity premiwn puzzle with any confidence. In faci. near the lower end of this range. the premivm

puzzle vanishes.

er assets.

formation contained in the returns of ot!

The time series estimate = — Ry} ignores a

Fhen the Cowles Index was onr only pre-1926 observarion. we had little choice bug to use the thne series

Cocnrane (20015 poIoo.

sean be found e Covnrane (20010 chapier 21

Talach of the following deseription of the equity prewmbun priz

I Thes i cquation 20.2 in Cochrane (2001) p.456

7 personaliv, Twould preger o live with the preminm pugeie vhan the lnerease 0 consimpiion volarility amd decrease i the

stock market necessary ro climinate it

15




folio’s excess returil as cic ostimate for the market risk premimm. With a cross

average of the market por

Sist estimate of the ©

Hansen -Jagannathan bounds.

section of asset returns however, we can form a1

3.7 Hansen—Jagannathan Bouncs

Ciiven 2. a matrix of test portfolio retums. we can estimate the Hansen-Tagannachan bound by deriving

the unique valid discount factor in the space of asset returns. tmagiie a rearession of a candidate my.y on

TCturns
(18)
Tn wennral, one can ot estimare (181 as oo s wo rogitive .oy to be o valid discount

1 o identifv and estimate &

factor. however., we can usc the monient condirion

Plug £ into (18) and compuse the variance of ni,_y

Varim,_y) = (1=Emn E EiR) (19)
(19} is the value of Bealtering £l in cquation {107, we can wace

the Hansen-Jagannathan bounds. Hansen and Jagannarhan (19911 also suggest a constrained Lagrangian

estimator of (10) with the added conscraine that rhere are no avbitrage opportunities (myey > 0101
discount factor in (18) is negative in some tinie periods. the added no arbitrage constraint will sharpen the

Hansen-Jagannathan bounds.

out the no-arbitrage constraint can be found in

A graph of the Hansen-.

S puzzle Dnopre-CReD lain? Plek avlsk froe vares The riske-free rate implies

Houre s, Is there o equizy proe

1o ask the following question. Given assct retins

an v 1. To sce if there s an equity prominu 21z

and a risk free rate, what is the smallest o of ary walid discount factor with Etmi_ ] = =7 The answer is
: i

the value of the Hansen-Jagannathan Assuming lognorimal consmuprion growth

and time-separable power uiiline. mim) = ~of 2ch A is the standard deviation of consumption

=

i empirical macro and survey rescarch 5 lies in the

vowth and ~ is the risk aversion cocfficicnt.

To dervive the premium puzzle note
chat, o) = 18% fmplies af ey = 3% 1 7 = 6. o1 2ot = 3% may not secw like an implausibie amount of

law volatility. Scale up ro anvial volatility

> of the 1890-1925

s oovor twice the

iy the lower bound on implied




- to assume a counter-factually low Efmyiq]

isumption volatilic

1

ee rete of 65, If T ask the same o real risk-free

estion with a more plausib

ving a real annual

rate of 2.5%, o {(Ac)en, tises to 1435, a litele more than 3 vimes historical consumption vola

Figure 9

traces the [o(Ac),,,. 7] combinations implied by different risk-frec rates.
There i evidence of an equite premium puzzle n pre-C' RSP data. The magnitude of the pizzle. however,

is much smaller than what we find in modern data. The consmnprion volarility implied by assct returns

arc onlv -5 times larger than time scries estimates. While

premium puzzle. it i nonetheless. perplexing. Rietz 11088 the cquity preminm puzzle

is simply a case of good Iuck. That investors realize that stocks can perform abysmally during extreme

- that cconomists can look at a long

economnic downturns. The downtiurns. however. happen s

creturns. The L808-1925 investors were

coone, While this is true for

time-series and never obse

- considerable financial upheasal

A COUNTOrT

not as fortunate as their post

rease in asset Sharp ratios climinates

and consmuption volatility. The resulu

¢ thne-serics even further back n thine will

much, but not all. of the premium puz crhaps, extet

o
V

‘or now the equity

aversion and consumption volatility. but

elucidate the link con asset returns.

u
=
N
N
=

pr omiunm remains a T




TABLE 1
annuaiized returns and correiaiion coefficients

Vaiue-weignted ail stock portioiios

ALL Sacurities

Average Number of Asseis

Annuaiized Return’ 2.96%
Standard Deviation 13.45%

ALL Sscuritiss {.00
NYSE 0.95%
Iniisted 0.432

This is the annualized nolding
i 1 = (final valus

izlized

-
]\“l\l o bee

w

(@)

o)}
@
N
o~

9.93%

12.33%




TABLE 2
annualized returns, correlation soefficients and spanning tests
Value-weignied s1ock portfolics

Non-NYSE Stocks

Portioiio NYSE 21

NYSE Bi i ton-Listed
Annualized Return’ 5.85% 5.55% 7.08% 5.20% 11.76% 3.36%
Standard Deviation 5.85% 13.13% 15.30% 12.27% 729.91% 12.27%

Correlation Coefficients i

Non-NYSE Stocks

NYSE 31 [.00 0.644 0.5182 0.5789 0.4843 0.2467
1.00 0.7333 0.7212 0.5428 0.2792
0.6182 0.7333 {.00 0.799 0.7435 0.31741
0.5739 0.7212 0.79% 1.00 0.7566 0.3321 1
MY3S 0.4843 0.642¢ C.7455 0.7966 1.00 0.2785

MNon-id 0.2467 0.2792 ORCHELY 0.3321 0.2785 1.00
Spanning Tesis
- . i b MYSE SNL e p 0
Time Period Under the null that B"7°E spans R 7075,
T Stetistic PValue
1858-1925 27.3808 0
4,22 0.C008 '
s N aR Y=g . ‘
1581-1895 10.555% 0.00=5 !

0.0133

1611-1925 11.1468 .0033

i value/iniiial value) (i/y)




TABLE 3
28-day gross returns, correlation coefficients

Value and Beta soried portfolios

fean 28-Day Ratums

Portfo.io

[P
Tl

VIV

1.007544

1.004277

1.0086

MV2

1.003056

0.5429

<
N
-3
«©
]

W3

NYSE B3

F

0.6182

M4

1.003072

1.004629

1.008025

4 Zi0n
2007168

1.012224

2 G

h N R

| JRE S )

0.3321

MV

1.004655

1.00594

1.002334

06479
AN T anC
J. 430




TABLLEC 4
GMM Estimates

28-day Returns

Assets Used Figk Premivim
Time Period in Estimation {i-stat) &r7or)

T.

:
5
l¢r)
<,
jo¥
z

k2

&
Al
[V

x
%
:

(L

oy

Urder ine null that m(8)... Sy
Asszeis Used  RislirFrzrnium  ThUp Ciatistic &
Time Period irr Estimation (n-value) (standard erior)

18C6-1810 ALL $55.458 5852
(0) (.0839)
1871-1825 AL 0.0033 0.3667




TABLE 5
Conditional CAPM 1876-1925

GMM Estimates
28-day Returns

5 . f . [TURITS oo 5 [ 2
ter the null that m{8)w ie a valid discount factor T Jy~3" 19

Conagitior

Daie gsiness Dvcle

Trougn 0.0050
Paak 0.0053
Trough 0.0050

0.0030

0.0062
0.0049
0.0048
$.0044
£.0055
0.0035
0.0057

0.0026

510 0081
Iz 0.007¢

W W
)

0.00868
0.0072
0.0068
0.0086
0.0042

C Risk Premium on NEEX Zusiness Cycle Daiss

0.0004
-0.0003
-0.007
0.0014
0.0043
-0.0025
-0.0013
-0.0001
-0.0004
0.0011
-0.0020
0.0022
-0.0031
0.0038
-0.0010
-0.0005
0.0012
0.0018
-0.0012
-5.0005
0.0010
-0.0004
0.0004
-0.0003
-0.0003
~(0.0024
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Figure 7
Conditional Ejmy,lz] 1876-1925
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Figure 8
Hansen-dagannathan Boundsa
23-Day Returies: 18681025
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Figure 2
Implied Consumption Growth Fate Volatility

For a Given Coefficiont of Ri<k Aversion
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