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Permanent, Temporary, and Non-Fundamental
Components of Stock Prices
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Abstract

This paper identifies various components of stock prices and examines the response of
stock prices to different types of shocks: permanent and temporary changes in earnings
and dividends, changes in discount factors, and non-fundamental factors. The analysis is
conducted in a log-linear structural VAR framework. I find that about half of the yearly
variation in prices is not related to either earnings or dividend changes. Time-varying
interest rates do not help explain the remaining price movements. However, time-varying
excess stock returns (i.e., risk premiums) account for much of the remaining variation in
stock prices, in particular, in the postwar period. As a result, the deviation of stock prices
from these fundamentals reduces to about 10% of stock price movements and tends to
persist for a while before it declines eventually. This finding seems more compatible with
a fad rather than a bubble interpretation.

. Introduction

One of the important issues in financial economics is whether stock price
movements reflect market fundamentals. This issue has been widely discussed
in the context of the variance bounds tests of the simple present value relation.
LeRoy and Porter (1981) and Shiller (1981) have shown that stock prices are
too volatile to be compatible with subsequent dividends. Kleidon (1986), among
others, has criticized these tests on the grounds that prices and dividends are non-
stationary, so that the gross violations of the variance bounds are a consequence
of an incorrect application of estimation techniques that assume stationarity to
non-stationary series.!

West (1988a), however, has devised a variance bounds test that is valid even
when dividends are non-stationary. Campbell and Shiller (1987) have derived
testable implications of the present value model, taking into account the non-
stationarity of prices and dividends. Both West and Campbell-Shiller have found
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strong evidence against the simple present value relation. Overall, with a few
exceptions, various tests have found statistically significant excess volatility of
stock prices and have rejected the simple present value relation.? This excess
volatility of stock prices suggests either that a substantial fraction of stock price
variation may arise from non-market fundamentals or that a time-varying discount
factor may help explain the failure of the simple present value relationship (see
Cochrane (1991), (1992), Campbell and Shiller (1988), (1989), Campbell (1991),
and Campbell and Ammer (1993)). In the former case, it remains to be seen
how much fraction in stock price variation is due to non-fundamentals. In the
latter case, it remains to be seen which measures of discount rates are helpful in
explaining stock price movements.

Recently, the need to explain the observed negative autocorrelation in long-
horizon returns has emerged as an issue of importance.> Fama and French (1988)
and Poterba and Summers (1988) explain the autocorrelation by introducing a
temporary component into the stock price model in addition to a permanent
component (see also Cochrane (1994)). However, neither paper identifies the
sources of each component and analyzes the relation between each component
of stock prices and dividends (see Lee (1995)). Again, there are two com-
peting hypotheses for the mean reversion. If stock prices deviate from market
fundamentals substantially and the deviation is mean reverting, then a possible
non-fundamental component could play an important role in the mean reversion
(see Summers (1986)). Or time-varying expected returns may help explain the
mean reversion.

Therefore, it is important to identify and measure the deviation of stock
prices from fundamentals and the relative importance of various components
of prices due to permanent and temporary changes in earnings and dividends,
changes in discount factors, and non-fundamental factors. I address these issues
in this paper. In addition, I examine the dynamic responses of stock prices to
non-fundamental shocks and various types of fundamental shocks. In doing so,
I consider three types of log-linear models: a basic (trivariate) model and its
two extensions. The basic model (Model I} assumes that expected real (one-
period) stock returns are constant. The model consists of earnings, dividends,
and stock prices, where I treat eamings and dividends as fundamentals. The
second model (Model II) assumes that expected excess returns on stock, over
the return on short debt, are constant. This model allows for a time-varying
interest rate and consists of dividends, interest rate, and stock prices, where I
treat dividends and interest rate as fundamentals. The third model (Model III)
assumes that expected excess stock returns are time-varying. The model consists

2For examples of the exceptions, see Cochrane (1992) and Mankiw, Romer, and Shapiro (1991).

31t has been pointed out that using overlapping observations in multiperiod returns forecasts
results in a small sample bias (toward smaller values) in asymptotic standard errors. See Kim,
Nelson, and Startz (1991), Richardson and Smith (1991), Hodrick (1992), and Richardson (1993).
Most tests of mean reversion in the U.S. market over long horizons have found the results to be
marginal (see, e.g., Goetzmann (1993)).

The use of long-period data inevitably involves survival biases to some extent. In this paper,
survivalships may have implications for i) the long-term autocorrelations (i.e., mean reversion),
ii) the post-earnings-announcement drift in stock prices, iii) the unit root tests, and iv) predictability
of long-horizon stock returns by dividend yields. For i and ii, see Brown, Goetzmann, and Ross
(1995). For iii and iv, see Goetzmann and Jorion (1995).
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of three fundamental variables—earnings, dividends, and time-varying discount
factors—and stock prices. As a measure of the time-varying discount factor, I
consider both interest rates and excess stock returns.

In Model I, I examine the effects of fundamental innovations on stock
prices by relating earnings to dividends based on the hypothesis that changes in
dividends are primarily determined by changes in some measure of permanent
earnings (Marsh and Merton (1987) and Lee (1996a)). I then relate stock prices
to dividends using a version of the present value model. As a result, I relate
earnings (and dividends) to stock prices and examine the effects of fundamental
innovations—permanent and temporary—on stock prices. The use of earnings
as a fundamental variable is motivated, in part, by a recent finding of Campbell
and Shiller (1988), who confirm that earnings serve as a natural proxy for the
fundamental value of stocks.*

I allow stock prices to deviate from the simple present value model. The de-
viation is reflected in a non-fundamental component that is driven by innovations
that do not influence fundamentals such as earnings or dividends. Therefore, I
allow for three types of innovations in Model I: permanent and temporary inno-
vations in fundamentals and a non-fundamental innovation.

I conduct a similar analysis for Model II allowing for a time-varying in-
terest rate. Model II allows examination of the role of interest rate as another
fundamental variable in explaining stock price movements. Model III is more
general in that not only interest rates but also expected excess stock returns are
time-varying. Model III allows examination of the non-fundamental component
of stock prices by using a broad measure of fundamentals.

I identify the components of (or innovations in) fundamentals and a non-
fundamental component by imposing identifying restrictions on each model. As
a result, I can examine the dynamic effects of various types of innovations on
earnings, dividends, discount factors, and stock prices as well as the empirical
validity of the above-mentioned issues.

The decomposition of stock prices has important implications for other is-
sues. First, when the variance bounds tests are rejected, some studies provide a
“fad” interpretation while others provide a “bubble” interpretation. The present
value relation is derived based on an Euler equation combined with a transver-
sality condition. When prices do not satisfy the transversality condition, they
are thought to contain bubbles. For example, prices can vary simply because
of changes in expectations of future prices although there is no news about div-
idends. Most studies, however, do not interpret the variance bounds rejection
as evidence for bubbles partly because the tests are based on finite samples
(see Shiller (1984), (1989), West (1988b), Flood and Hodrick (1990), and Froot

4The t-ratios from predictive regressions of stock returns on the lagged values of financial
fundamentals (e.g., dividend yields or price-earnings ratios) or macroeconomic indicators are subject
to a small sample bias that may indicate that returns are more predictable than they in fact are. See
Mankiw and Shapiro (1986), Stambaugh (1986), Hodrick (1992), Goetzmann and Jorion (1993),
and Nelson and Kim (1993). In particular, Goetzmann and Jorion (1993) point out that time-series
studies of returns conditional upon any ratio involving price levels (e.g., dividend yields) are subject
to a substantial bias. Several studies have explored the small sample problems of the VAR method
that include lagged endogenous variables (see Hodrick (1992), Goetzmann and Jorion (1993), and
Nelson and Kim (1993).
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and Obstfeld (1991)). Both in a fad and a bubble, the price deviates from the
present value of future dividends or fundamentals due to noise, feedback trading
(trade based on past price changes), irrational expectations (irrational waves of
optimism and pessimism), or some other inefficiency. However, fad price devi-
ations are slowly reversed, whereas bubble price deviations are expected to last
forever (see Cochrane (1991), p. 471). Therefore, time-series behavior of price
deviations is bound to shed some light on this debate.

Second, an important issue in empirical dividend policy modeling is whether
dividend decisions are primarily determined by changes in either some measure
of permanent earnings or current earnings (see Marsh and Merton (1987) and
Lee (1996a)). The decomposition of earnings and dividends into permanent and
temporary components and the examination of the relationship between the two
components may provide some evidence on this issue.

Third, numerous studies document that drifts in cumulative abnormal re-
turns continue beyond earnings announcements. As an explanation of this drift,
Bernard and Thomas (1989), (1990) characterize investor perceptions of the
earnings process as a random walk, suggesting that temporary changes in eamn-
ings are largely ignored by the market. In these studies, stock return behavior
is modeled as a response to unexpected changes in earnings (e.g., Foster, Olsen,
and Shevlin (1984) and Bernard and Thomas (1989), (1990)). If a substantial
fraction of stock price movement arises from a component that is not captured
by changes in earnings, then such a model would be very limited in its ability to
describe an important part of stock return behavior (see also Brown, Goetzmann,
and Ross (1995) for a potential effect of survivorship on this issue).

The remainder of the paper is organized as follows. Section II presents
time-series representation of my basic model (Model I). The model is then used
to identify three types of innovations. Section III provides further discussion by
introducing time-varying interest rates and expected excess stock returns (Models
Il and III). Section IV describes the data and reports the empirical results.
Section V concludes the paper.

II. Model I: A Log-Linear Model with a Constant Expected
Stock Return

A. Time-Series Models of Earnings, Dividends, and Stock Prices

1. A Model of Earnings

Let the log of real earnings during period ¢ be y,. Recognizing that the
earnings series is a non-stationary process and being concerned with the differ-
ential effect of permanent and temporary innovations in earnings on dividends
and stock prices, I model the log of earnings (y;) as the sum of permanent (37)
and temporary (y;) components,

¢)) yi = y +y], with
) A = Didfeyr and ¥y = Zigeny, or
3) Ay = y—y1 = A+

k
Trdker—k+ Tigh Aeyri,
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where X =37 ,,»7 and y§ are permanent and temporary components of logged
earmnings, respectively, and ey, and e, are permanent and temporary innovations
in logged eamnings, respectively. The specification in (2) shows that e; will
have a permanent effect on earnings, whereas e, will have a temporary effect on
earnings. Notice that, by construction, non-fundamental innovations, e,,, do not
enter the earnings y; (or Ayy) process at all.

2. A Model of Spread between Price and Dividend

Let the log of the real stock price of a stock measured at the beginning
of time period ¢ be p;, and the log of the real dividend paid during period ¢
be d;. Under the assumption that expected real (one-period) stock returns are
constant over time and by using log-linear approximations to the usual present
value model of stock price, Campbell and Shiller (1988), (1989) have derived
the so-called dividend ratio model in the log-linear form or the dynamic Gordon
model. The model relates the log of dividend-price ratio (&) to the present
value of the first difference in log dividend (Ad)),

(€3] 8 = -—EtEjijd&j"'C*’

where 6; = the dividend-price ratio (dividend yield) = d,_; —p;; p = the average
ratio of the stock price to the sum of the stock price and the dividend, which
is close to but a little smaller than 1; Ad, = d; — dj—; = the growth rate of
dividends; and ¢* is a constant. Equation (4) states that the log price-dividend
ratio is an expected discounted value of all future dividend growth rates.

By using é; =d,_; —p,, and adding an error term that is a linear combination
of non-fundamental shocks e,s, (4) can be rewritten (ignoring a constant term)
as

4 s = pr—diqg = EtEjijdtﬁ""ﬂt,

where 7, = Sydken—x.

Given the extensive evidence that the simple present value model based
only on dividends may not be sufficient to describe stock price behavior, I allow
for an error term 7, in the stock price model to capture the extent of stock price
deviation from the simple present value model. This is the source of the non-
fundamental component in Model I, which is further developed below in more
general models.

3. A Model of Spread between Dividend and Earnings

In the absence of an agreed-upon dynamic model of dividends, I relate
the (non-logged) dividend process, D;, to the (non-logged) earnings process, ¥,,
using the hypothesis that dividend change is primarily determined by changes
in some measure of permanent earnings.” Marsh and Merton (1987) and Lee
(1996a) report empirical evidence supporting this hypothesis.®

SFor the theoretical modeling of the idea of permanent earnings, see references in Lee (1996a).
A popular model of dividend policies by individual firms is the partial adjustment model.
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As a measure of permanent earnings, I use a present discounted value of
future expected earnings,

(6) Dy = aESfYw, 0 <8 <1,

where « is a constant proportionality factor, 3 is a discount factor, and £ is the
conditional expectations operator based on information available at time ¢.

As the present value model of stock price is transformed to (4) by using
linear approximations, 1 transform the present value model of dividends in (6)
into the following relation,

@) o = y—d = —E,Z}'yjAy,+j+c,

where &, =y, — d; = log(¥,) — log(D;), v is a constant that is close to but a little
smaller than 1, and ¢ is a constant. (7) can be rewritten (ignoring a constant
term ¢) as

(8) s = di—y = EtZ}’YjAij-

Equation (8) states that the log dividend payout ratio is an expected present value
of all future earnings growth rates. Since Ays are stationary, so is s1,.
Modeling stock price as the present value of future dividends that are pro-
portional to a measure of permanent earnings, I can represent stock price as a
function of the permanent and temporary innovations in earnings, and further
decompose it into permanent and temporary components. As a result, unlike
previous studies such as Fama and French (1988) and Poterba and Summers
(1988), I can examine the dynamic effects of these innovations on stock price.

B. A Log-Linear, Trivariate Model

Previous studies have found that the logs of earnings (y;), dividend (d,), and
stock price (p,) series are integrated of order one (i.e., non-stationary) processes
and both the dividend payout ratios and the dividend yields are stationary (e.g.,
Kleidon (1986), Campbell and Shiller (1987), Cochrane (1992), Mankiw, Romer,
and Shapiro (1991), and Lee (1996a)).” That is, both the logged earnings and
dividend series and the logged dividend and price series are cointegrated of order
one and one with a cointegrating vector [1, —1]’. To incorporate these findings,
I consider a trivariate vector z; consisting of the change in logged earnings
(Ay,), the spread between logged dividend and earnings (s1, = d; — /), and the
spread between logged price and dividend (sy, = p; — di—1): z1 = [Ays, S10, 524’
Then, by the Wold representation theorem, there is a trivariate moving average
representation (TMAR) of z, = [Ayy, 514, 52,

k k

Ay, Irck ek + Dickyen—i + ichsem—k

©) z; = | Su = | Zickien—i+ ick,en—k + Xichsem—k
k

821 Srckier—k+ Tckyeni+ Tuchsem—k

7See Section IV for empirical evidence on these. However, MacDonald and Power (1995) claim
that dividend and price series are not cointegrated. For the comovements of earnings, dividends, and
stock prices, see Lee (1996b).
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The three innovations ey, ey, and e, are serially uncorrelated by construction,
and are assumed to be contemporaneously uncorrelated by an orthogonalization,
which will be discussed further in Section ILC. It is also assumed that the
variance of the vector e,(=[ey, ex,en)’) is the identity matrix of rank 3 by a
normalization.

Then, models of the log of earnings, dividends, and prices developed in
Section ILLA are characterized by the following restrictions.

Proposition 1. Models of earnings in (3), dividends in (8) and prices in (5) are
characterized by the following restrictions on z; in (9),

(10) iy, = 0, &5 = 0 and & = 0 foralk
Proof. (See Appendix A).

The restriction Xyct, = 0 distinguishes the temporary innovation, ey;, from
the permanent innovation, ey,. Since cJI‘2 measures the effect of e; on the first
variable in z, (i.e., Ay,) in & periods, the restriction Ekcjl‘z =0 requires e; to have
a zero cumulative effect on Ay,. This implies that e; may have a temporary
effect on y,, but cannot have a permanent effect on y,. Therefore, ey, is called
the temporary innovation in fundamentals. In contrast, without such a restriction
on ey, ey, is allowed to have a permanent effect both on earnings and on stock
prices (see Blanchard and Quah (1989)).

The restrictions that ct; = 0 and c%, = 0, for all , identify e, as a non-
fundamental innovation in that it does not affect either earnings or dividends
at any time. Hence, e, does not enter either the earnings or dividend process
and is not included in the unexpected change in earnings. Under this restriction,
any innovation that affects either earnings or dividends, directly or indirectly, is
fundamental. Notice that I need at least a trivariate model to incorporate three
types of innovations. In short, the three types of innovations are identified based
on their long-term effects on the variables and their relation to the fundamental
variables (i.e., earnings and dividends).

C. A Restricted VAR Model

The trivariate moving average representation (TMAR) in (9) on which iden-
tifying restrictions are imposed is, in practice, obtained by inverting a trivariate
vector autoregression (TVAR) model of z; with non-orthonormalized innova-
tions, and the restrictions are imposed on this TVAR model. Hence, I discuss
the relation between the TMAR and a TVAR.

Suppose that I estimate the following TVAR model of z,,

Ay,
(11) zZ; = St
L S

r k k k
Zrafi A1+ Zpafysu—k—1 + Xpagssy k) tuy
— k k k.
= Zvay, Ayi—w—1 + 2padysu—p—1 t Xpaysy_g-1 T |,

k X k
| 2ka3 Ayr—k—1 t Zhagysu—i—1 t Xpaz3sy—i—1 +uz
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where u,(=z, — E{z;|z,—5,s > 1]) is a 3 x 1 vector, [uy,, uy, u3,]’, and var(y,) =
2 =[oy] for i,j=1,2, and 3. That is, # is a non-orthonormalized innovation
in Z;.

The relationship between the TMAR in (9) and the TVAR in (11) is de-
scribed in the following proposition.

Proposition 2. The trivariate model of z, with the restrictions in (10) provides
restrictions that identify e;, e;, and e, as permanent fundamental, temporary
fundamental, and non-fundamental innovations, respectively.

Proof. (See Appendix B).

The coefficients, c{_‘, in the TMAR (9) represent responses to innovations
(shocks) in particular variables. Since e, is serially and contemporaneously un-
correlated, I can allocate the variance of each element in z to sources in the
elements of e. This forecast error variance decomposition can be used to mea-
sure the relative importance of fundamental vs. non-fundamental components of
stock price. For example, ;;i)(cf_‘,)z/ Z;Zl Z;‘;lo(cz)z provides the compo-
nents of error variance in the #-step ahead forecast of z;, which is accounted for
by the jth innovation. By imposing restrictions on the TVAR, I can conduct
a restricted VAR analysis, whose empirical results are reported in Section IV.
Once a restricted TVAR model of [Ayy, s14, 52" 1s estimated, a restricted TVAR
model of [y, d, p,]’ can also be obtained if there is interest in investigating the
effects of each innovation on the /evel of earnings, dividends, and stock prices.’

lll. More General Log-Linear Models
A. Model II: A Log-Linear Model with Time-Varying Interest Rates

I have assumed that the relevant discount rate is constant over time so that
interest rate does not enter in Model 1. In theory, the discount rate may play
a potentially important role in the present value relationship. Changes in the
discount rate could arise from changes in agents’ marginal rates of substitution
or changes in the conditional variance of innovations to the dividend process
(due to changes in the conditional variance of the underlying earnings process).
Some argue that the time-varying discount rate may help explain the failure of
the simple present value relationship (e.g., Cochrane (1991), (1992)).

In this section, I consider the real interest rate r, as another fundamental
variable in place of earnings, and examine the non-fundamental component of
stock price movements in a trivariate model consisting of dividends, the real
interest rate, and stock prices. This amounts to assuming that expected returns
on stock in excess of the retumn on short debt are constant. Campbell and Shiller

8By estimating a restricted trivariate model of z, with identifying restrictions, I obtain estimates

of Cy5(L). Then, it follows that

i) from Ay = yr — yr—1 = Cy1(L)ey; + C1a(L)eay, yi can be constructed recursively by y, =
Vi1 + Ay =y + Cri(L)err + Cra(L)eay = yr—1 + A + Ayf, with an initial value yp;

ll) from S = d1 — V= C21 (L)e1, + C7_2(L)€21,d1 is obtained by d1 =t + 81y =t + C21 (L)el, +
Co(L)ey =y, + 55, + 5%, using y; from i; and

iit) from sy, = pr—di—1 =Cx (L)e“+ C32(L)€21+ C33 (L)Em, pr is constructed by pr=d;_1+s9,
using d; from ii.
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(1988), (1989), Campbell (1991), and Campbell and Ammer (1993) derive the
following relation by using log-linear approximations (see also Cochrane (1992)),

(12) sy = p—di_y = EtZ}Pj[Ady—mj]ﬂn,

where 7, = Ek5§en,_k.

To examine the potential contribution of time-varying interest rate in ex-
plaining stock price movements in the presence of dividends, I consider the
trivariate model of z, = [Ad,, Adr,, s5,] where Adr, = Ady — 74,

- Adt
(13) z; = Adr,

L S

r k k
Trck ea—k+ Ticksen—i+ Sickien—i

K k
= Tkch ea—k + Tickyen—i + Tpckien—i

k
| Zuckiea—ik + Tichyen—it Tnchsen—i

To identify ey, e, and e, as a dividend innovation, an interest rate inno-
vation, and a non-fundamental innovation, I impose the following restrictions,

(14) & =0 & = 0, and ¢ = oOforalk

The restrictions that c¥; = 0 and ¢, = 0 for all & require that the innovation e,
affects only stock prices without affecting dividends and the interest rate. The
restriction c’l‘2 = 0 requires that the innovation e,, does not influence dividend
movements so that it captures the marginal contribution of #, in explaining stock
price movements (see Appendix A). These restrictions are, in practice, imposed
on the trivariate VAR model of z,(=[Ad,, Adry, s2,]’) following the procedure
described in Section II.C (see Appendix B).

B. Model lll: A Log-Linear Model with Time-Varying Expected Excess
Stock Returns

Using log-linear approximations, Campbell (1991) and Campbell and Am-
mer (1993) derive a general log-linear model that allows for not only time-varying
interest rates but also time-varying expected excess stock returns,

(15) Sy = pi—d = Etz}pl [Adt+j — P — 6:+j] s

where ¢ is the log excess stock return on a stock held during period ¢ relative
to the return on short debt r,. The third term on the right-hand side of (15) is
approximately equal to the conditional expectation of the long-horizon excess
return.

As a general time-series representation, I consider two versions of a four-
variable model,
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Model IMLA: z,(=[Ay, s1,, Adry, 524]")
[ Ay

St

Adry

| S2¢

Ekclfle1t_k + chlfzem—k + 2"011(36"—" + chllc“e"'_k

(16) Zr =

k k K k

Zcs ekt Lpchen it Lichie ik T Lrchieni
k k k K

Zes gt Lyl k t Licisen_i t Lkcisln—k

k % k
Zickieyi + Zckyen g+ Spckien i+ Dick en

Model IIL.B: z,(=[Ayx, s11, €, 52])
- Ay

S1t

(17) 4]
€

| S21

Zickien—k+ Deckyen i+ Xt seq—i + Zickyem—k
Zuckier—i+ Sickyen i+ Zickieq i + Zuckjen—k
Zuckien—i+ Sickyen i+ Zickieq i+ Zick jem—
Zick evi—i+ Sickyeni + Sickieq i+ Zuck jen—

To identify ey, ez, e (Or eg), and e, as a permanent innovation, a tem-
porary innovation, an interest rate (or excess return) innovation, and a non-
fundamental innovation, I impose the following restrictions,

(18) chllc2 = 0 c]1c3 =0, cllc4 =0, CIZCS =Y 612c4 =0,
and cf, =0 for all £.

Several observations can be made about models in (15)-(18). First, the log
of real stock price p;, which is derived from sy, + d,—1, is decomposed into two
parts: fundamental (p{ ) and non-fundamental 4 ) components. The former
is driven by permanent fundamental shocks (e;) and temporary fundamental
shocks (e;) that influence both earnings and dividends, and a third type of
fundamental shock (e, or e¢) that influences the real interest rate (or excess
returns) without influencing either earnings or dividends.” In addition, p,f is
non-stationary whenever d; is non-stationary.

Second, comparison of the price-dividend ratios, sy, in (15) and (16)}-(17)
suggests that the non-fundamental component of price (p”) is driven by a fourth
type of shock (e,) that does not influence fundamental factors such as earnings,
dividends, or the real interest rate (or excess stock returns). It is due to the
component Syck,ep—_i.

°In this sense, innovations e, (or e) capture a marginal explanatory power in the presence of e;
and e;.
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I\V. Data and Empirical Results
A. Data and Preliminary Empirical Results

For empirical estimation, I used annual observations on stock prices, earn-
ings, and dividends from the Standard and Poor’s (S&P) Composite Stock Price
Index for the period of 1871-1995.1 The data set is extended back to 1871 by
using the data in Cowles (1939). The nominal stock price series is the January
S&P Composite Index, spliced to the series in Cowles (1939). The nominal
earnings series for 1871 to 1925 is the earnings-price ratio series R — 1 (Cowles
(1939)) times the annual average S&P Composite Index for the year. For 1926
to 1995, the series is the S&P earnings per share adjusted to the index total for
the year. The nominal dividend before 1926 was also taken from Cowles (1939).
The nominal dividend series for 1926 to 1995 is dividends per share adjusted to
the index, four quarter total, for the S&P Composite Index. I deflate the nomi-
nal series using a January Producer Price Index (before 1900, an annual average
producer price index was used), with 1967 = 100. I use the commercial paper
rate and the January Producer Price Index to compute the real rate of interest,
rs, and the excess stock return, ¢, series. The interest rate is annual return on
four- to six-month commercial paper (six-month starting in 1979), rolled over
in January and July. The interest rate data starting in 1938 are from the Board
of Governors of the Federal Reserve System, with pre-1938 data from Macaulay
(1938).

To examine the non-stationarity of the data employed in my models, Table
1 reports autocorrelations and Table 2 presents the results of unit root tests.
The sample autocorrelations of the yy, dj, and p; series die off very slowly, with
very large values of first-order autocorrelations, which indicates that they are very
likely to be non-stationary processes. Table 1 also reports sample autocorrelations
of the spreads between log dividends and log earnings (sy,), between log stock
prices and log dividends (s2/), and between log prices and log earnings (s3;).
Autocorrelations of these spreads die off quickly with the values of first-order
autocorrelations less than those of the yy, d;, and p; series, indicating these spreads
are likely to be stationary processes. Autocorrelations of r,, Adr(=Ad, — 1),
and ¢, appear to be those of a typical stationary process.

In Table 2, the augmented Dickey-Fuller (ADF) regression is used, allowing
for more dynamics by including second-order autocorrelations. Table 2 also
reports the Phillips-Perron (PP) tests for unit roots, which are robust to a wide
range of serial correlations and time-dependent heteroskedasticity. I apply the
same unit root tests to the spreads because their cointegrating coefficients are
known. The null hypothesis is that a series is non-stationary: ¢ =0 and b = 1.
The test results indicate that y;, d;, and p, series are non-stationary, whereas all

Djividend payments tend to remain the same for close to a year. The quarterly dividend series
reveals some degree of seasonality. In addition, quarterly data are not available for as long a time
period as annual data. So I use annual data. The same dividend series is used in Campbell and
Shiller (1987), (1988), and (1989), and the same earnings series is used in Campbell and Shiller
(1988).
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TABLE 1
Autocorrelations (p(k)) of Logged Series (1873-1995)

k= 1 2 3 4 5 6 7 8 9 10 11 12
37 091 0.82 077 072 069 069 068 064 063 064 063 060
a 094 088 082 078 0.73 067 062 059 057 055 053 0.51
Pt 094 086 080 074 068 062 056 050 0.46 042 038 035

Ay;  —0.02 —-0.22 —0.06 —0.07 —0.26 0.08 0.15-0.15 -0.11 0.15 0.07 —0.09
Ad 0.09 —-0.17 -0.09 —0.08 0.03 —0.01 —0.14 —0.10 0.09 0.06 —0.09 —0.17
Apy 0.06 -0.15 0.10 —0.04 —-0.05 0.05 0.10 —-0.12 —0.03 0.04 —0.12 -0.14

Syt 0.67 040 030 020 015 027 033 028 031 036 026 0.18
Sot 072 052 046 036 031 022 026 0.19 0.18 0.14 -0.01 —-0.11
Szt 0.68 045 032 0.19 014 0.19 0.17 0.03 —0.04 -0.11 -0.24 -0.33

Asyy —0.10 —0.23 0.00 —0.06 —0.27 0.06 0.18 —0.13 —0.02 0.23 —-0.05 —0.10
Aspy;  ~0.17 —0.24 0.07 —0.09 —0.03 0.01 0.09 —0.14 0.07 0.23 ~0.12 —-0.15
Asy  -0.16 —0.15 —-0.00 —0.12 —0.15 0.12 0.18 —-0.11 0.01 0.09 —0.06 —0.12
It 0.39 0.08 0.07 -0.08 0.03 012 0.13 005 0.06 0.16 0.08 —0.04
Arr —0.25-0.24 0.11 -0.22 0.01 0.07 0.08 —-0.07 —0.07 0.14 0.04 —0.04
Adr 0.28 -0.08 —0.08 —0.19 -0.17 —0.00 0.03 —-0.01 0.07 0.21 0.16 —0.02
AAdr —0.25 —-0.25 —0.08 —0.08 —-0.11 —0.08 0.05 —0.08 —0.04 0.13 0.09 —0.20
€t 0.07 -0.21 0.09 —0.08 -0.17 0.05 0.13 -0.04 0.04 0.15 0.07 -0.12
Ae¢  —0.34 —-0.32 0.26 —-0.05 —0.16 0.07 0.13 —0.13 —-0.01 0.10 0.07 —-0.12

The term p(k) denotes the kth-order autocorrelation, y; is the log of real earnings series,
d is the log of real dividend series, p; is the fog of real stock price series, r; is the real
rate of interest, ¢ is the excess stock return, Adrs is Ady — r;, and A denotes the first
difference operator. The term s; for i= 1,2, and 3 denotes spread between two variables
(i.e., S1;=d;— y5; Spr= Pt — di_1; and Sz=pPr— ¥1—1). The data are for the S&P Composite
Index and six-month commercial paper rates.

the spreads, the real interest rate, Adr,, and the excess stock return series are
stationary by both the ADF test and the PP test.!!

To estimate the VAR of z,, 1 have to choose the number of lags in each
equation. Considering both the Akaike (1974) information criterion (AIC) and
the Schwarz (1978) criterion, I chose two lags for the TVAR of z,.

B. Relative Importance of Each Innovation

Since 1 have derived restrictions that identify each type of innovation, I can
examine the relative importance of each innovation (i.e., forecast error variance
decomposition) under these restrictions.!> The results for Model 1 are presented
with standard errors in Table 3.1* Because the Jevel of y,, d,, and p; series may
be easier to interpret, 1 also present the decompositions for the levels in Panel B
by expanding Ay, sy, and s, (see footnote 8).

Initially, about half the variation in prices is accounted for by non-fundament-
al innovations (e,), but their importance declines slowly as the time horizon

1 Goetzmann and Jorion (1995) show that tests of unit roots in dividend yields are affected by
focusing on series with continuous histories. That is, survival conditioning may affect the unit root
test statistics. ’

128ince innovations in my model are orthonormalized, I do not have to deal with covariances
between innovations, whereas Campbell (1991) and Campbell and Ammer (1993) have to deal with
them.

B3The standard errors are computed by using a Monte Carlo integration due to Kloek and Van
Dijk (1978). The Monte Carlo results are based on 1000 simulations and take into account the
identifying restrictions.
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TABLE 2
Unit Root Test: Sample Period, 1874—1995

i) Augmented Dickey-Fuiler Regression:

2
Axy = ag+aX_q1+ E YiAXe— i+ vt

i=1

ii) Phillips-Perron Regression:

Xt = bo+bx_1+wv
Variables Dickey-Fuller Test Phillips-Perron Test
(xt) Ta Z(ty)

Vi —1.635 —1.606
dt —1.056 —1.237
Pt —1.040 —1.239
St —3.976* —4.713*
Sot —2.879* —4.107*
Sat —-3.851* —4.837*
It —5.292* —7.279*
€t —6.125* —10.225*
Adn —6.260* —8.173*
Ayt —7.689* —11.337*
Ad, —7.135*% —10.047*
Ap; —5.934* —10.381*
Agy —9.830* —18.911*

The term y; is the log of real earnings series, d; is the log of real dividend series, p is the
log of feal stock price series, r; is the real rate of interest, ¢; is the excess stock return, and
Adris Adi—rr. The term s, for i=1,2, and 3 denotes spread between two variables (i.e.,
S1p=dt — Vg Sor = Pt — Oi_1; and ss; = pr — ¥r—1). The data are for the S&P Composite
Index and six-month commercial paper rates.

Critical values of t-statistics for both 7o and Z(t,) with 100 observations are: 10%, —2.58,;
and 5%, —2.89 (Fuller (1976), Tables 8.5.1 and 8.5.2, pp. 371-373). The details of the
adjusted t-statistics Z(ty) are referred to Phillips and Perron (1988). For the Philiips-Perron
tests, two lags are used for the calculation of variance. The tstatistics with * denote
significance at 10%.

increases. For example, 51.6% of the one-year forecast error variance in prices
cannot be explained by either earnings or dividend changes. Among other impli-
cations, this suggests that the deviation of prices from the simple present value
model is substantial. This finding casts doubt on the notion that changes in
stock prices arise from changes in market fundamentals such as earnings and
dividends. This finding is obtained under the assumption of a constant dis-
count factor and prompts investigation of whether time-varying interest rates or
time-varying expected excess stock returns are needed to explain the behavior of
stock prices (see Cochrane (1992) and Campbell and Ammer (1993)). Unlike the
permanent fundamental innovation (e;,), the temporary fundamental innovation
(ey) does not have any significant explanatory power.

Concerning the earnings series, about two-thirds of the fraction of the log
earnings variation is due to the permanent changes. For example, 64.5% of the
one-year forecast error variance in earnings is explained by e;. However, most
of the variation in the spread between dividends and earnings, sy, is accounted
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TABLE 3

Relative Importance of Permanent (e4;) and Temporary (ez) Innovations in Fundamentals
and Non-Fundamental Innovations (ent) in Forecasting Three Variables of Model I,
2y = [Ay, s1p, Sz’

Panel A.
Variables Explained
Ay S1t Soy
Innovations in
Forecast
Horizons €1t €0t ent €1t Eo¢ ent 1t €ot Ent

%

fyear 644 356 00 116 884 00 470 14 516
(1.3) (1.1 (1.1)  (1.8) (1.7)  (1.4)  (0.9)

2 633 367 00 118 882 00 310 39  65.1
(1.3 (1.1) (1.1)  (1.8) (34) (34) (1.6

3 613 387 00 109 891 00 249 35 716
(1.3)  (1.1) 1.1 (1.8 (42) (43) (1.8

4 611 389 00 104 896 00 222 31 747
(13 (1.2) (1.2)  (1.9) (44) (45 (1.9

8 61.0 390 0.0 99 901 00 177 30 792
(1.3 (1.2) (1.5  (2.2) (46) (4.8  (2.0)

12 60.9 391 00 99 901 00 166 30 804
(13)  (1.2) (16)  (2.4) @4.7) (49 (2.0

24 60.9 391 00 99 91 00 160 3.1 809
(1.3) (1.2) (1.7)  (25) (4.7) (49 (2.0

(continued on next page)

for by the temporary changes in earnings. This implies that both earnings and
dividends are primarily affected by the permanent changes in earnings so that
the spread is mainly affected by the temporary changes in eamnings. As such,
most of the dividend variation is due to permanent shocks. As expected from the
restrictions in (10), e, does not explain earnings and dividends by construction.

In Model 11, the restrictions in (14) identify three types of innovations
in the TMAR as dividend innovations, real interest rate innovations, and non-
fundamental innovations, respectively. The variance decomposition of the trivari-
ate model is presented in Panels A and B of Table 4. Again, slightly less than
half the variation in the log prices is accounted for by the innovations in funda-
mentals represented by dividends and interest rates. It is noted that the interest
rate innovation e, plays a very limited role in explaining either the price-dividend
ratios or stock prices. This finding suggests that allowing for a time-varying in-
terest rate in the present value relation may not help explain the failure of the
present value relationship. Comparison of the non-fundamental components in
Models 1 (Table 3) and II (Table 4) indicates that earnings contain more infor-
mation than the real interest rate for the stock price movements in the presence
of dividends.

In Model 1I1.A, the restrictions in (18) identify the four types of innovations
in the four variable MAR in (16) as permanent fundamental, temporary funda-
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TABLE 3 (continued)

Relative Importance of Permanent (e4) and Temporary (ez) Innovations in Fundamentals
and Non-Fundamental Innovations (en) in Forecasting Three Variables of Model I,
zt=[Ayt, S1g, Sor)’

Panel B.
Variables Explained
Yt dt Pt
Forecast Innovations in
Horizons — _exs €t  em  _w e  em e Gx  _En
%
1 year 64.5 35.5 0.0 83.9 16.1 0.0 47.0 1.4 51.6
(1.3) (1.1) (6.4) (5.7) (1.8) (1.4) (0.9)
2 69.7 30.3 0.0 89.6 10.4 0.0 51.8 0.9 47.3
(1.4) (1.2) (5.5) (4.7) (1.8) (1.3) (0.8)
3 73.5 26.5 0.0 92.5 7.5 0.0 51.3 0.9 47.8
(1.5) (1.2) (4.8) (4.0) (1.8) (1.3) (0.8)
4 76.5 235 0.0 94.0 6.0 0.0 52.1 0.8 471
(1.6) (1.2) (4.4) (3.7) (1.8) (1.3) (0.8)
8 84.3 15.7 0.0 96.8 3.2 0.0 60.7 0.5 38.8
(1.7) (1.2) (3.8) (3.0) (1.8) (1.2) (0.7)
12 88.3 11.7 0.0 97.9 2.1 0.0 68.6 0.4 31.0
(1.8) (1.2) (3.4) (2.7) (1.8) (1.2 (0.7)
24 93.4 6.6 0.0 99.0 1.0 0.0 82.0 0.2 17.8
(1.9) (1.3) (2.9) (2.2) (1.9) (1.3) (0.6)

This table reports the relative importance of each innovation (e, ez, ent) in explaining the
three variables in Model | (Ay;, syy, Sgr) for various (1 through 24 years) forecasting hori-
zons, shown in the first column. Innovations ey, ey, and e, denote permanent and tempo-
rary innovations in fundamentals and non-fundamental innovations, respectively. Variables
Ayt S11, and s, denote growth rates in earnings, the spread between dividends and earn-
ings, and the spread between prices and dividends, respectively. Panel A presents the
results for the three variables in Model | and Panel B presents the results for the level of y;
(the log of real earnings), d (the log of real dividend), and py (the log of real stock price)
series by expanding variables in Model I. The numbers in parentheses are standard errors
computed by using a Monte Carlo integration due to Kloek and Van Dijk (1978). The Monte
Carlo resuits are based on 1000 simulations and take into account the identitying restric-
tions. For example, at the one-year forecast horizon, 47.0% of the forecast error variance
of ptis explained by eyt 1.4% by ez, and 51.6% by ey (Panel B).

mental, the real interest rate, and non-fundamental innovations, respectively. The
variance decomposition of the model is presented in Panels A and B of Table 5
with standard errors. Compared with the trivariate models, there is little increase
in the fundamental component of stock prices. The marginal contribution of the
real interest rate in the presence of earnings and dividends in explaining the
stock price movements is very limited (0.2%-3.0%) but not insignificant. The
weak explanatory power of the real interest rate may be partly due to the fact
that about half the variation in the real interest rate is accounted for by earnings
and dividends.'

14The contribution of the real interest rate in explaining stock price variation based on a bivariate
model (i.e., in the absence of earnings and dividends) is between 3.6% and 12.7%.
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TABLE 4

Relative Importance of Innovations in Dividends (e4), the Real Interest Rate (er), and
Non-Fundamental Factor (en) in Forecasting Three Variables of Model Il
Zi = [Ady, Ady — 11, S21)’

Panel A.
Variables Explained
Adg Ad{ — It Sot
Innovations in
Forecast
Horizons Eat et en Eat en &nt Eqt en Snt_

%
1 year 100.0 0.0 0.0 66.3 33.7 0.0 449 0.3 54.8

(2.8) (0.5 (15) (0.1 (1.0
2 1000 00 00 629  37.1 0.0 291 04 705
(3.1)  (0.6) (2.1} (02) (1.9)
3 1000 00 00 634 366 0.0 239 0.9 75.2
(3.5)  (0.6) (23)  (03)  (1.4)
4 1000 00 00 636 364 00 204 15 781
(35)  (0.6) (2.3)  (0.3)  (1.4)
8 1000 00 00 635 365 00 146 2.8 82.7
(3.5)  (0.6) 1)  (03) (1.3)
12 1000 00 00 635 365 00 129 32 839
(3.5)  (0.6) (2.0)  (0.3)  (1.3)
24 1000 00 00 635 35 00 119 34 847
(35)  (0.6) (1.8 (02 (1.2

(continued on next page)

In Model IILB, the restrictions in (18) identify the four types of innovations
in the four variable MAR in (17) as permanent fundamental, temporary fun-
damental, excess stock return, and non-fundamental innovations, respectively.
Panels A and B of Table 6 show that the excess stock returns account for much
of the stock price movement that is not explained by earnings or dividends.
For example, 43.4% of one-year variation and 36.1% of two-year variation are
explained by innovations in excess stock returns. As a result, only 10% of
the price variation remains to be explained by the non-fundamental component,
which persists for several years before it eventually declines. In sum, fundamen-
tal variables such as earnings and dividends can explain about half the variation
in stock prices. Time-varying interest rates are not of much help in this regard.
However, time-varying excess stock returns help explain much of the remaining
variation in stock prices.

C. Dynamic Effects of Each Innovation

In addition to each innovation’s predictive power, I can investigate, by

plotting moving average coefficients, cfj how each type of innovation affects

variables over various horizons. To save space, I present only the results for
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TABLE 4 (continued)

Relative Importance of Innovations in Dividends (eg4), the Real Interest Rate (e), and
Non-Fundamental Factor (e,) in Forecasting Three Variables of Model 1,
2zt = [Ady, Ady ~ 1t, S’

Panel B.
Variables Explained
a; t Pt
Innovations in
Forecast
Horizons gt er  Ent Eat et Ent Eat b _Ent

%

fyear 1000 00 00 130 870 00 449 03 548
(2.6) (103)  (2.1) (1.5)  (0.1)  (0.9)

2 1000 00 00 120 8.0 00 484 03 513
(2.6) (105) (2.2 (15)  (0.1) (0.9

3 1000 00 00 119 881 00 473 06 521
2.4) (10.3)  (2.2) (1.6)  (0.2)  (0.9)

4 1000 00 00 125 875 00 473 1.0 517
(2.3) (10.2) (2.2 (1.6)  (02)  (0.9)

8 1000 00 00 125 875 0.0 539 15 448
.1 (10.2) (2.2 (1.7)  (02)  (0.9)

12 1000 00 00 125 875 00 604 1.4 382
(2.0) (102) (2.2 (1.8)  (02)  (0.9)

24 1000 00 00 125 875 00 739 1.0 2541
(2.0) (102)  (22) (1.8) (02  (0.9)

This table reports the relative importance of each innovation {(eq, e, €n) in explaining the
three variables in Model Il (Ady, Ady — 11, Sp¢) for various (1 through 24 years) forecasting
horizons shown in the first column. Innovations eg, €1, and ep denote innovations in
dividends, the real interest rate, and non-fundamental innovations, respectively. Variabies
Ady, Ady — 1, and sy denote growth rates in dividends, the spread between growth rate
in dividends and the real interest rate, and the spread between prices and dividends,
respectively. Panel A presents the results for the three variables in Model ll, and Panel B
presents the results for the level of d; (the log of real dividend), r; (the real interest rate),
and p; (the log of real stock price) series by expanding variables in Model Il. The numbers
in parentheses are standard errors computed by using a Monte Carlo integration due to
Kloek and Van Dijk (1978). The Monte Carlo results are based on 1000 simulations and
take into account the identifying restrictions. For example, at the one-year forecast horizon,
44.9% of the forecast error variance of P; is explained by eg, 0.3% by ey, and 54.8% by
ent (Panel B).

Model IILB."* Figures 1 and 2 illustrate the dynamic responses, measured in
standard deviations, of y,d,¢, and p to one standard deviation innovation in
the permanent and temporary fundamentals (e; and e;), in the excess stock
returns (e.), and in the non-fundamental factors (e,). These levels are derived
by expanding the response of Ay, s;, ¢, and s, with appropriately modified
standard errors.

Panels A and B of Figure 1 illustrate that the permanent innovation (e;)
has a strong, persistent effect on earnings, whereas the temporary innovation

15The dynamic responses based on Models I, II, and LA are very similar to those of Model
IIL.B, even in quantitative results. As such, they are not reported in the paper.
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TABLE 5

Relative importance of Permanent (eq;), Temporary (ey), the Real Interest Rate (eq), and
Non-Fundamental Innovations (ent) in Forecasting Four Variables of Model 1lL.A,
Z; = [Ayr, S11, Ady — 11, S2e]’

Panel A.
Variables Explained
Ayt S1t Ag -1t Sat
Innovations in
Forecast
Horizons ey _e€x  éu €2t ey e _én &1 €yt  én ent

%

fyear 644 356 116 884 769 03 228 466 16 02 516
(1.5) (1.2) (1.5) (1.9) (44) (3.1) (0.4) (2.3) (1.5 (0.1) (0.9)

2 63.3 367 118 882 677 146 177 305 3.6 23 636
(42) (37) (23) (7)) (47) (37) (1.0) (44) (36) (0.7) (1.8
3 61.3 387 109 891 652 175 173 248 32 40 680
(5.3) (46) (35) (4.0) (6.0) (47) (15 (58 (48 (1.1) (2.2
4 611 389 104 896 654 174 172 225 28 47 700
(57) (53) (43) (4.8) (66) (55) (1.8) (6.6) (56) (1.4) (2.6)
8 61.0 390 99 901 652 177 171 183 30 55 732
(6.3) (6.0) (5.8) (8.0) (7.3) (6.7) (21) (88) (83) (2.1) (4.7)
12 60.9 391 99 901 652 177 171 173 33 57 737
(6.4) (6.1) (7.0) (10.8) (7.6) (7.1) (22) (10.1) (10.9) (2.7) (7.6)
24 609 391 99 901 652 177 171 168 35 58 739

(6.5) (6.3) (9.6) (20.2) (8.2) (8.1) (2.4) (14.7) (18.7) (4.5) (19.9)
(continued on next page)

(e2) has a moderately strong initial effect and then its effect decays in a few
years. This indicates that temporary changes in eamnings constitute a nontrivial
part of earnings initially. Panels C and D of Figure 1 show dividends’ strong
and persistent responses to the permanent innovation (e;) and a weak, initial
under-reaction to the temporary change in earnings (e;), which seems consistent
with the hypothesis that dividend change is primarily influenced by changes in
some measure of permanent earnings.

Panels E, F, and G of Figure 1 illustrate that the initial response of the
excess stock returns to the permanent shock is significantly positive, whereas its
initial response to the temporary shock is not significant. Its response to its own
shock is significantly positive only in the first period.

Figure 2 shows the responses of stock prices to the four types of innova-
tions. Stock prices respond to the permanent change in fundamentals (e;) in a
strong and persistent manner, whereas their reaction to the temporary change in
fundamentals (e;) seems insignificant. A positive excess stock return innovation
tends to exert a positive effect on the stock market prices for several periods. Its
initial effect is almost as strong as that of the permanent shock e; but declines
gradually over time. The stock market tends to moderately overreact to the non-
fundamental shocks (e,,). Their initial effect on stock prices is not as strong as
that of the permanent fundamental shocks, e;,, and their effect diminishes slowly
and steadily over time.
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TABLE 5 (continued)

Relative Importance of Permanent (e4¢), Temporary (ey), the Real Interest Rate (eq), and
Non-Fundamental Innovations (e,) in Forecasting Four Variables of Model IIl.A,
zt = [Ayy, 11, Ady — 11, Szl

Panel B.
Variables Expilained
Wt at Tt Pt
Innovations in
Forecast
Horizons ey [ e ot 1t ot ert 1 St Gt _nt

%

1year 645 355 839 16.1 43 376 581 466 16 02 516
(1.4) (1.1) (6.7) (5.6) (29.5) (27.2) (1.9) (2.3) (1.5) (0.1) (0.8)

2 69.7 30.3 89.6 104 101 441 458 506 1.1 1.7 46.6
(32) (28) (7.7) (6.5) (26.4) (24.4) (1.7) (2.7) (1.8) (0.1) (0.9)
3 735 265 925 75 97 456 447 498 11 27 463
(5.2) (4.4) (85) (7.1) (255) (23.5) (1.6) (3.4) (2.4) (0.2) (1.1)
4 765 235 940 6.0 105 453 442 507 1.1 3.0 452
(6.4) (55) (9.1) (7.8) (25.2) (23.2) (1.8) (3.9) (2.9) (0.2) (1.2)
8 843 157 968 32 106 453 440 810 07 27 356
(8.0) (6.8) (10.1) (8.7) (25.1) (23.2) (1.6) (5.2) (4.0) (0.3) (1.4)
12 883 117 979 241 106 453 440 696 06 22 27.7
(8.5) (7.2) (10.4) (8.9) (25.1) (23.2) (1.6) (6.2) (5.0) (0.3) (1.7)
24 934 66 990 1.0 106 453 440 830 04 12 154

(9.0) (7.8) (10.4) (8.8) (25.1) (23.2) (1.6) (7.8) (6.4) (0.4) (2.0)

This table reports the relative importance of each innovation (eyy, €z, en, €nt) in explaining
the four variables in Model LA (Ay;, S11, Ady — 1, Sp) for various (1 through 24 years)
forecasting horizons, which are shown in the first column. Innovations ey, eoy, en, and
ey denote innovations in permanent and temporary fundamentals, the real interest rate
innovations, and non-fundamental innovations, respectively. Variables Ay, Sy, Ady ~ 11,
and sy; denote growth rates in earnings, the spread between dividends and earnings, the
spread between growth rate in dividends and the real interest rate, and the spread between
prices and dividends, respectively. Panel A presents the resuits for the four variables in
Model lll.A, and Panel B presents the results for the level of y (the log of real earnings),
a; (the log of real dividend), r; (the real interest rate), and p; (the log of real stock price)
series by expanding variables in Model lIlLA. The numbers in parentheses are standard
errors, which are computed by using a Monte Carlo integration due to Kloek and Van Dijk
(1978). The Monte Carlo results are based on 1000 simuiations and take into account
the identifying restrictions. For example, at the one-year forecast horizon, 46.6% of the
forecast error variance of py is explained by ey, 1.6% by ey, 0.2% by ey, and 51.6% by
ent (Panel B).

In sum, my findings indicate that the deviation of the stock market prices
from such market fundamentals as earnings, dividends, and excess stock returns
is not very substantial and declines gradually over time, which implies a mild
over-reaction of the market to non-fundamental factors. The findings imply that
i) the rejection of the simple present value model based on variance bounds
tests is likely to be largely due to the lack of time-varying discount factors and
partly due to the non-fundamental component in prices, and is more likely to
be consistent with a “fad” interpretation; ii) the mean reversion in stock returns
may be largely due to time-varying discount factors but, to some extent, is due
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TABLE 6

Relative Importance of Permanent (e4;), Temporary (ey), and the Excess Stock Returns
(e<) Innovations and Non-Fundamental Innovations (ept) in Forecasting Four Variables of
Model IlI.B, z¢ = [Ay(, S1¢, €t Sz(]l

Panel A. Whole Period (1874-1995)

Variables Explained

Ayt S1t €t Sot

Innovations in

Forecast
Horizons eyt €2t €1t €ot €1t Eot Eet €1t Eot et Ent

%

{year 645 355 116 884 305 11 684 444 20 434 102
(1.5 (1.1) (1.2) (1.6) (21) (1.7) (1.6) (20) (1.6) (1.2) (0.2)
2 63.3 367 118 882 324 44 632 308 37 501 154
(23) (1.8) (1.4) (1.8) (22) (1.8) (1.8) (4.3) (3.9) (25 (0.3)
3 61.3 387 109 89.1 329 42 629 257 38 526 17.9
27) (22) (1.9) (22) (23) (1.9) (1.7) (655 (5.0) (3.1) (0.4)
4 611 38.9 104 896 330 42 628 238 35 538 189
(29) (23) (2.2) (24) (24) (1.9) (1.7) (54) (3.9) (3.1) (0.4)
8 61.0 390 99 901 329 46 625 213 31 554 202
(29) (2.4) (2.8) (3.0) (24) (20) (1.8) (57) (52) (3.3) (0.4)
12 609 391 99 901 329 47 624 209 30 557 204
(29) (24) (32 (34) (24) (20) (1.8) (6.1) (5.7) (35) (0.4)
24 60.9 391 99 90.1 329 47 624 207 29 558 206

(2.9) (2.4) (3:7) (39) (25) (20) (1.8) (6.8) (8.3) (3.9 (0.5
Panel B. Whole Period (1874-1995)

Variables Explained

Yt a €t Dt

Innovations in

Forecast
Horizons  eq¢ ezt el ezt et 6 et €1 6 Cet €nt

%

1year 645 355 839 161 305 1.1 684 444 20 434 102
(1.5) (1.2) (7.1) (6.1) (20) (1.6) (1.4) (1.8) (1.5) (1.0) (0.2)
2 69.7 30.3 89.6 104 324 44 632 514 14 361 111
(21) (1.7) (6.3) (5.2) (21) (1.8) (1.4) (1) (1.7) (1.1) (0.2)
3 735 265 925 75 329 42 629 509 12 358 122
(2.3) (1.9) (5.0) (4.1) (22) (1.8) (1.5) (24) (20) (13) (0.2)
4 765 235 940 60 330 42 628 510 10 355 125
(22) (1.8) (43) (35 (22) (1.9) (1.5) (25) (2.0) (1.3) (0.2)
8 843 157 968 32 329 46 625 596 06 292 106

@1) (1.7) (35) (28 (24) (20) (1.8) (26) (21 (1.3) (0.2)

12 88.3 11.7 979 21 329 47 624 686 05 227 8.2
(2.1) (1.8) (3.1) (25 (24) (200 (1.8) (26) (2.1) (1.3) (0.2
24 93.4 6.6 99.0 1.0 329 47 624 831 02 122 4.5

(2.1) (1.6) (2.7) (2.1) (24) (2.0 (1.6) (2.4) (1:9) (1.1) (0.2)
(continued on next page)
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TABLE 6 (continued)

Relative Importance of Permanent (e1;), Temporary (ez), and the Excess Stock Returns
(e<) Innovations and Non-Fundamental Innovations (e,) in Forecasting Four Variables of
Model [Il.B, z¢ = [Ayt, Sqp, €1, S21)’

Panel C. The Prewar Period (1874-1940)
Variables Explained

Ayt Sit €t Sot
Innovations in
Forecast
Horizons et Eat €1t €at €1t €2t Cet e1t €2t Cet Ent

%

1year 683 316 149 851 403 32 65666 533 1.4 339 108
(2.7) (1.9) (25) (34) (B2) @B7) (220 (5.2 (37) (1.8) (0.3)

2 652 348 164 836 401 135 464 377 128 309 187
(5.0) (4.0) (28) (36) (55) (4.1) (21) (135) (11.1) (4.2) (0.8)
3 62.4 376 162 838 406 134 460 291 127 360 22.1
(6.1) (48) (3.4) (4.1) (6.1) (47) (23) (155) (12.8) (4.9) (0.8)
4 622 378 162 838 406 135 459 259 10.8 397 235
(6.8) (5.4) (34) (4.2) (65) (49) (2.4) (14.8) (11.3) (44) (0.7)
8 622 37.8 161 839 406 136 458 253 86 417 244
(7.0) (5.6) (35) (42) (6.9) (53) (25) (11.3) (9.3) (3.6) (0.6)
12 622 378 161 839 406 136 458 255 89 414 242
(7.1) (5.7) (35) (42) (6.9) (5.4) (25 (10.8) (8.9) (3.4) (0.6)
24 622 378 161 839 406 136 458 255 9.0 413 24.1

(7.1) (6.7) (385 (42) (6.9) (54) (25 (10.7) (8.8) (3.4) (0.6)
Panel D. The Prewar Period (1874-1940)

Variables Explained

Vi ar €t Pt

Innovations in

Forecast
Horizons ey &t €4t ©ot €1t ©ot et et €2t Ect Ent
%

{year 684 316 824 176 403 32 566 533 19 339 108
(27) (1.9) (128) (10.4) (5.4) (42) (22) (5.2) (35) (1.8) (0.3)

2 75.7 243 901 99 401 135 464 664 09 204 123
(51) (35) (11.9) (8.9) (5.7) (45) (22) (6.7) (4.4) (2.0) (0.4)
3 799 201 935 65 406 13.4 460 637 09 220 135
(56) (3.9) (9.5) (6.8) (6.4) (5.0) (2.4) (7.8) (5.3) (23) (0.4)
4 827 173 951 49 406 135 459 625 07 231 137
(53) (36) (81) (56) (6.7) (53) (25 (7.7) (53) (23) (0.5
8 892 108 976 2.4 406 136 458 679 09 197 115
(52) (3.4) (65 (42) (7.2) (B7) (7)) (7.7) (5.2) (23) (0.4)
12 921 79 985 15 406 136 458 758 0.9 147 86
(51) (32) (59) (38) (7.2) (57) (2.7) (7.3) (4.8) (2.1) (0.4)
24 956 4.4 992 08 406 136 458 880 05 72 4.2

(500 (31) (54) (33) (7.2) (67) (27) (6.3) (40) (1.7) (0.3)
(continued on next page)
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TABLE 6 (continued)

Relative Importance of Permanent (e1¢), Temporary (ez), and the Excess Stock Returns
(ee) Innovations and Non-Fundamental Innovations (ep) in Forecasting Four Variables of
Model 1I1.B, 2t = [Ayy, Sty €1, S21)’

Panel E. The Postwar Period (1947-1995)

Variables Explained

Ay Stt €t Spt
Innovations in
Forecast
Horizons ey Eot €1t Eat €1t Eot Eet €1t Eot et Ent

%

fyear 321 67.9 01 999 109 46 845 239 13 665 8.2
(1.9) (40) (21 (68) (1.9) (34) (1) (1.7) (23) (4.1) (0.4)

2 319 681 26 974 106 217 677 150 137 600 114
(3.0) (6.3) (26) (7.4) (33) (66) (8.1) (25) (45) (6.1) (0.6)
3 289 711 42 958 98 203 699 125 266 487 122
(28) (58) (3.1) (8.3) (36) (72) (89) (2.6) (4.9) (6.1) (0.6)
4 274 726 46 954 98 208 695 126 322 433 11.9
(29) (62) (3.2) (86) (36) (7.2) (89) (2.7) (53) (6.6) (0.6)
8 273 727 46 954 96 206 698 114 409 373 104
(37) (7.8) (3.4) (8.9) (3.8) (7.5) (9.2) (3.3) (66) (8.3) (0.7)
12 273 727 46 954 96 206 698 114 410 373 104
(37) (7.9) (34) (90) (38) (7.6) (9.4) (3.9) (7.8) (9.9) (0.9)
24 273 727 46 954 96 206 698 114 410 373 104

(3.7) (7.9) (3.4) (9.0) (39 (78 (970 (48 (9.4 (119 (1.1
(continued on next page)

to non-fundamental factors; iii) the hypothesis that dynamic dividend behavior
is primarily determined by some measure of permanent earnings rather than
current earnings seems to be supported by the findings; and iv) modeling of stock
return behavior as a response to unexpected changes in earnings may provide a
very limited description of the relationship without allowing for a time-varying
discount factor.

D. Decomposition of Stock Prices into Four Components

Since stock prices are represented as a linear combination of four types of
shocks (e1, e2, e, and e,), I can decompose the price series into four components
by setting three types of innovations at a time equal to zero. I present in Figure
3 the decomposition of historical values of the log of stock prices over the period
1875-1995. The figure shows the comparison between the actual series and each
component.

The permanent component appears to mimic the long-term stochastic trend
of prices. It appears to be a smoothed version of the actual price series, ignoring
many of the short-term cycles in prices. The temporary component represents
little, if any, variation in prices. The excess stock return (i.e., third) compo-
nent appears to mimic much of the short-term price movements that are not
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TABLE 6 (continued)

Relative Importance of Permanent (eq;), Temporary (ex), and the Excess Stock Returns
(ee) Innovations and Non-Fundamental Innovations (e,) in Forecasting Four Variables of
Model III.B, 2y = [Ayf, S1¢, €, 82[]/

Panel F. The Postwar Period (1947-1995)
Variables Explained

¥t g €t Pt
Innovations in
Forecast
Horizons ey, Eot €4t & et ezt Eet €1t &y Cet ent

%

Tyear 321 679 999 01 109 46 845 239 13 665 8.2
(2.0) (42) (10.0) (16.1) (1.9) (3.3) (5.8) (1.8) (2.4) (4.1) (0.3)

2 325 675 999 01 106 217 677 289 107 508 96
(3.0) (5.7) (10.4) (16.9) (3.2) (6.3) (8.3) (29) (45) (55) (0.5)
3 39.9 601 999 01 98 203 69.9 318 199 386 97
(36) (6.9) (9.6) (15.9) (3.5) (7.0) (9.1) (4.0) (6.8) (7.3) (0.7)
4 488 512 999 0.1 9.8 208 695 342 230 336 9.2
(37) (6.9) (87) (14.4) (3.5) (7.0) (9.1) (4.6) (7.9) (8.3) (0.8)
8 711 289 999 01 96 206 69.8 518 213 210 59
(5.8) (10.4) (82) (13.9) (3.6) (7.3) (9.5 (5.3) (9.1) (9.2) (0.8)
12 798 202 999 01 96 206 69.8 642 159 156 4.4
(6.4) (11.4) (8.1) (13.9) (3.7) (7.4) (9.7) (5.7) (9.6) (9.6) (0.8)
24 80.4 106 999 01 9.6 206 69.8 797 90 89 25

(7.7) (13.7) (8:6) (15.1) (3.8) (7.6) (9.9) (6.5) (11.2) (11.3) (0.9)

This table reports the relative importance of each innovation (&4, €, €ty €n¢) In explaining
the four variables in Model HIL.B (Ay;, S14, €1, S2¢) for various (1 through 24 years) forecasting
horizons, which are shown in the first column. Innovations ey, e, €, and e denote
innovations in permanent and temporary fundamentals, the excess stock return innovations,
and non-fundamental innovations, respectively. Variables Ay, Sy, €, and s,; denote growth
rates in earnings, the spread between dividends and earnings, the excess stock return over
short debt, and the spread between prices and dividends, respectively. Panels A, C, and
E present the results for the four variables in Model [11.B, and Panels B, D, and F present
the results for the level of y; (the log of real earnings), d; (the log of real dividend), ¢ (the
excess stock return), and pr (the log of real stock price) series by expanding variables in
Model 1Il.B. Panels A and B report the results for the whole sample period (1874-1995),
Panels C and D for the prewar period (1874-1940), and Panels E and F for the postwar
results (1947-1995). The numbers in parentheses are standard errors, which are computed
by using a Monte Carlo integration due to Kloek and Van Dijk (1978). The Monte Carlo
results are based on 1000 simulations and take into account the identifying restrictions.
For example, at one-year horizon, 44.4% of the forecast error variance of p; is explained
by €11, 2.0% by ey, 43.4% by e, and 10.2% by e, (Panel B).

explained by the permanent component. It is noted, however, that the excess
return component was positive during the Great Depression period.

The non-fundamental component appears to explain many of the medium/
long-term cycles that the fundamental component does not capture. For example,
the Great Depression and subsequent recoveries in the 1930s and the major
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FIGURE 1

Responses of Log Earnings, Log Dividends, and Excess Stock Returns to Permanent,
Temporary, and Excess Stock Return innovations with a Standard Error Band.
Upper (----- - }and Lower (— — — — — — — — ) Band

This figure illustrates the responses to a one-standard deviation innovation over 24 years
of forecast horizons.
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boom and bust of the 1940s through the 1980s not captured by the fundamental
component appear to be explained by the non-fundamental component.!®

16Correlation between logged prices and their permanent component is 0.89, between detrended
logged prices and the temporary component is 0.15, between the first difference in logged prices
and the excess return component is 0.25, between detrended logged prices and the non-fundamental
component is 0.61.
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FIGURE 1 (continued)

Responses of Log Earnings, Log Dividends, and Excess Stock Returns to Permanent,
Temporary, and Excess Stock Return Innovations with a Standard Error Band.
Upper (------ ) and Lower (— - — — — — — — } Band

This figure illustrates the responses 10 a one-standard deviation innovation over 24 years
of forecast horizons.
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G. Response of Excess Stock Returns to Thelr Own Shocks

E. Subperiod Analyses

Given the long period of my sample, some of the unexplained variation in
stock prices is likely due to unidentified trends in exogenous variables or regime
changes. For example, Fama and French (1988) and Kim, Nelson, and Startz
(1991) document that the mean reversion is mostly due to the prewar period.
To examine possible structural changes in fundamentals and non-fundamentals,
1 present a subperiod analysis in Panels C-F of Table 6 dividing the sample into
the prewar (1874-1940) and postwar (1947-1995) periods.

In the postwar period, the temporary component in earnings is more impor-
tant than the permanent component in short horizons. However, dividends (the
spreads s) are dominated by the permanent (temporary) changes in earnings in
both periods. A smaller fraction of the variation in the excess stock returns is
accounted for by e; and e, in the postwar period. A substantially larger fraction
of price variation is due to the excess stock returns, but a marginally smaller
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FIGURE 2

Responses of Log Prices to Permanent, Temporary, Excess Stock Return, and
Non-Fundamental Innovations with a Standard Error Band.
Upper (------ )and Lower (- — — — — — — — ) Band

A. Response of Log Prices to Permanent Shocks
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C. Response of Log Prices to Excess Stock Retun Shocks
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fraction is due to non-fundamentals in the postwar period. Overall, there is some
evidence of a structural change between the two subperiods with the time-varying
excess stock returns playing a relatively more important role, and earnings and
dividends a relatively less important role in the postwar period.
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FIGURE 3

27

Decomposition of Log Prices into Their Permanent, Temporary, Excess Stock Return, and

Non-Fundamental Components for the sample period of 1875-1995.
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2704 C. The Log Prices and Their Third Component
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V.

Summary and Concluding Remarks

This paper has investigated whether the rejection of the simple present
value relation and the mean reversion in stock returns can be explained by ei-
ther time-varying discount factors or non-fundamental factors. By allowing for
time-varying discount factors and a non-fundamental component in the model, I
have identified various components of stock prices and examined the stock price
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responses to various types of innovations: permanent and temporary innovations
in earnings and dividends, discount factor innovations, and non-fundamental
innovations. The identification of these innovations is achieved by imposing re-
strictions on the models of earnings, dividends, discount factors, and stock prices
that take into account cointegrations between these variables. Time-series mod-
els of earnings, dividends, discount factors, and stock prices, which are broadly
consistent with the restrictions of the four types of innovations, are provided.

I have found that, although the long-term trend in stock prices is due to the
permanent changes in fundamentals, the short-term volatility is largely due to
the discount factor changes reflected in excess stock return changes and partly
due to non-fundamental factors. The deviation of stock prices from fundamentals
declines eventually as time horizon increases. This suggests that the over-reaction
of the stock market and the mean reversion in stock returns are primarily in
response to the excess return changes and partly in response to non-fundamental
factors (see DeBondt and Thaler (1985) and Summers (1986)). This finding
seems more consistent with a fad interpretation than a bubble interpretation. It
also suggests that the model of stock returns based only on unexpected changes
in earnings may provide a limited description of stock return dynamics.

Although a significant fraction of earnings changes is due to temporary
changes, 1 find that dividend behavior is accounted for primarily by permanent
changes in earnings. This finding lends evidence to the hypothesis that dividend
decisions are made on the basis of permanent, not current, earnings.

Appendix A. Proof of Proposition 1

For notational efficiency, I use the lag operator L (i.e., L"x, =x,_,) and the
polynomial in the lag operator, C(L) = [Cy(L)] = ZxckLk, for i,j=1,2, and 3.
Then (9) can be rewritten as

(A-1) zz = C(L)e.
First, comparison of (3) with z, in (9) shows that
(A-2) Ci2(1) = 0[Zkct,=0] and Ci3(L) = 0 [ck; =0 for all k] .

In solving the present value term in (8), I presume that managers forecast future
changes in earnings, Ay, for j > 0, using two different components of earnings.
To compute (8), I use the following lemma, whose proof can be found in Hansen
and Sargent (1980) (see also Lee (1995)).

Lemma. Given a stochastic process x;, = a(L)e,,
(A-3) Etz}ﬁixﬂrj = [a(L)L —a(B)B](L - 5)_161-
Applying this lemma to the two components of the spread sy, in (8), I obtain

(A-4) su = EZY A = EIY [+ (i~ vig)]
[g1 (L)L — g1 (MY (L =) Pew
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+{(1 =M (@)L = 2(NV L =)' —qa(L)L} ex
= [g(L)L - 511()]( 7) " ew

@) L -17) - (v =) 2] € = 7)"ex
= Cu(L)ey+Cun(L)ey+ Cas(L)en.

As expected from the stationarity of the spread sy,, (A-4) shows that neither of
the two types of innovations has a permanent effect on the spread and that

(A-5) Cu(L) = 0[cdk;=0forall 4.
By using the lemma in (A-3) and the definition of sy, I obtain
(A-6) Ad, = Ay, + Asy
q (L)eu + (1 —L)ga(L)ey+ (1 — LYCr (L)ey, + (1 — L)Crp(L) ey,
[g1(L) + (1 = L)Cu(L)] ere + (1 = L) [g2(L) + Ca(L)] e
f1 (L)e“ + (1 - L) z(L)ezl.

By using a procedure similar to the one used to compute s1,, I obtain

(A7) sy = EXjpAdwi+m = [AWLL—-A(p)ol (L —p) ey
+ /AL (L= L) — (p—0*) /(p)] (L — p)~'en
+83(L) e

= Cun(L)ey+Cn(L)ey + Cs3(L)en.

Again, as expected from the stationarity of the spread sy, (A-7) shows that
neither of the two types of innovations has a permanent effect on the spread sy,.
Combining (A-2) and (A-5) yields identifying restrictions (10).

For Model II with z, = [Ad}, Adri, 5], T only need to model as follows,

Adl - f(L)elh
Adry = Adi—r. = fll)ey —[m(L)ey+h(L)ey], and
sy = p—di-] = Ethijde + 7,

where 77,=03(L)en. Then, I obtain the restrictions in (14) on the trivariate model
of z; = [Ady, Adry, su) = C(L)e,.

For Model LA with z, = [Ay,, 511, Adry, 55/]', 1 model each variable as
follows,

Ay = qiL)er+ (1 — L)g2(L)ex,
sy = di—yi = Eté‘:}"YiAJ’Hj,
Adry = Adi—r, = [fill)en+ (1 —-L)A(L)e]
— m(L)ew+ hy(L)ey +h3(L)ey], and
su = pi—dio1 = EX [Aduy — Fej — €l

where ¢, = g1 (L)ey, + g2(L)exy + g3 (L) e + g4 (L) ey,
For Model IIL.B with z, = [Ayy, 14, &, s21]’, | only need to replace Adr, with
¢=m (L)eu +hy (L)ez, + b (L)ee,.
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Appendix B. Proof of Proposition 2

Using the polynomial in the lag operator, 4(L) = [4;(L)] = ZydsL¥, for
i,j=1,2, and 3, I can rewrite (11) as

(B-l) zZ; = A(L)Zt_l + u,.
By inverting this TVAR of z, I obtain a TMAR of z,,
(B-2) z = [I—AL)L)] u,

where [ is the identity matrix of rank 3.

By comparing the TMAR in (9) (or (A-1)), z, = C(L)e,, with that in (B-2)
(or equivalently with the TVAR in (B-1)), estimates of the MAR coefficients,
C(L), can be obtained by noting that

(B-3) C% = w, and
(B-4) z = Cll)ee = [I—AWL)L  u,

where C® = [¢¥] with k= 0. Using (B-3), (B-4) implies that
(B-5) C(L) = [T-A®L)L~'c.

This implies that, given an estimate of A(L), I only need an estimate of C° to
calculate C(L). This can be obtained by taking the variance of each side of
(B_3)’

(B-6) cc” = 2 = J[o5] forij=1,2, and 3.

In the trivariate model of z;, 1 obtain six restrictions (equations) for the nine
elements of C°. Hence, I need at least three additional restrictions to just iden-
tify the nine elements of C°. My trivariate models of z, in Section ILB with
restrictions in (10) provide restrictions for the identification.

The same procedure applies to Model II. For Model III, I obtain 10 restric-
tions for the 16 elements of C° so that I need at least six additional restrictions
to just identify the 16 elements of C°.
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