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Abstract

Large long-run swings in the United States stock market
over the past century correspond to swings in estimates
of fundamental values calculated by using a long moving
average of past dividend growth to forecast future growth
rates. Such a procedure would have been reasonable if
investors were uncertain of the structure of the economy,
and had to make forecasts of unknown and possibly-
changing long-run dividend growth rates. The parameters
of the stochastic process followed by dividends over the
twentieth century cannot be precisely estimated even
today at the century's end. Investors in the past had even
less information about the dividend process.
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l. Introduction

The US. slock market has exhibited large fluctuations relative to
the baseline of the ex post "perfect-foresight" fundamental-the
actual value, discounted at a constant real rate, of the future
dividends actually paid. At times the real SkP stock market index
plotted in figure | has been more than twice, and at times less than
half of what its smoothly-growing ex post perfect-foresight value

turned out to be.1

Figure 1
The Real Value of the S&P Composite Index, and the Ex Post
Realized Present Value of Future Dividends, 1880-1991
*Log of Reai Stock Index Price
+ Log of Ex Post'Present Value (6% Discount Rate)

Shiller [ 1989, ch. 5; a reprint of Shiller, 1981] and LeRoy and Porter
[1981] argued that such high volatility relative to perfect-foresight

fundamentals posed severe difficulties for the efficient markets

|The S&P composite is taken from Standard and Poor's Securities Price index Record
and from Cowles et al. [1939], The data series from 1671 up to the late-/980's is
printed in Shiller [1969], Stock prices are real values for January. Dividends are
totals for the year divided by the year's average producer price level. In calculating
perfect-foresight fundamentals, he present value of post-sample dividends is
assumed to be equal to the terminal price.



hypothesis.2 The current price can be seen of a forecast of the
perfect-foresight fundamental; one implication of rafionality is that
forecasts vary less than the realized values of the quantities
forecast;3yet in figure | the implicit forecast given by the market-the
real value of the stock index-is much more volatile than the realized
perfect-foresight fundamental t Thus the market exhibits "excess
volatility."

This paper sets forth a theory of the mechanism underlying excess
volatility. The high volatility of the US. stock market could be in large
part accounted for if investors formed their valuations of the stock
market by extrapolating past dividend growth into the future. Investors
would naturally do so if they believed that the dividend process was
subject to both transitory and permanent shocks to dividend growth
rates, or if they believed that there was a chance that the process was
subject to permanent growth rate shocks. The past century's worth of
observed dividend growth would not lead an investor to reject a prior
belief in such permanent growth rate shocks.

The interpretation advanced here can be seen as a positive rational-
expectations model of low-frequency stock market swings, focusing on

the limited information known to investors ex ante and on the process

2Shilier also stresses other anomalies in asset pricing. See Shiller 11989, chs. 2, 12-
18, 291

3If they varied more, a better forecast would simply shrink the original forecast
toward its mean.

tAllen Kleidon [ 1986a and b] (see also Merton and Marsh (1987], among many others)
argues that tests like Shiller [1989, ch. 5] are significantly biased if dividends
contain a quantitatively important "unit root.” The considerations adduced by Kleidon.
however, appear too small to quantitatively account for excess variance in stock
prices (see Shiller (1989, ch. 7, areprint of Shiller, 1988]; also see Shiller [ 198b] and
Mankiw, Romer, and Shapiro [ 1985, 1990]?. In addition, further studies have shown a
case that dividends contain a substantial long-run mean-reverting component. This
has further diminished the leverage of the considerations noted by Kleidon (see Shiller
[ 1989, ch. 8; areprint of Campbell and Shiller, 1988]). "Regression tests" have led to
conclusions similar to those of the excess volatility literature (see fama and french
(1988] and Poterba and Summers (1988]). Overviews of the debate through 1988 and
1989 are given by West [ 1988] and LeRoy 11989],



by which they learn about the possibly-changing structure of the
economy. Or it can be seen as a positive model of the less-than-
rational investor heuristic-extrapolation-which creates excess
volatility.

The argument proceeds in several steps, following this first
introductory section, the first part of section Il shows that excess
volatility springs predominantly from a more than proportional
response of prices to long swings in dividends. When dividend growth
over the preceding generation has been rapid, the price-dividend ratio
is high-not low, as would be the case if prices were rational-
expectations forecasts of the present value of a stationary dividend
process. The second part of section |l argues that this pattern is
consistent with the hypothesis that marginal investors form their
expectations of future dividends by extrapolating past dividend growth
rates. They take a long moving average of past dividend growth rates
and project it into the future.

The discussion in section Il is framed by writing warranted stock
market values in the form of what Shiller [I 9897 calls the Gordon

equation:5
(n p. = —

in equation (1), Pi is the value of the stock market index, Dt is the
current dividend paid on the index, r and gi are the appropriate long-
run rates of discount, and of expected dividend growth. The variable gi
is the "permanent" dividend growth rate in the sense used in the
definition of "permanent" income.

The key insight is that the denominator r-gi is a small number.

5from Gordon (1962).



Ireformation about the dividend process is scarce. The expected
dividend growth rate gt is uncertain. Investors will inevitably revise
their estimates of the growth rate gp Small shifts-a percentage point
or so-in gr produce large proportional shifts-twenty-five percent or
so-in the denominator of equation (I), r-gt. These shifts carry with
them similar large percentage changes in the level of stock prices Pf.
And the actual path of stock prices is closely tracked by the valuations
of an investor who forms his expectation of gt by extrapolating past
dividend growth into the future.

Section |1l analyzes why investors might extrapolate. It argues that
the long-run twentieth century growth rate of dividends was not known
to investors at the century's beginning. Investors had to form and
update their estimates of the underlying long-run growth rate.
Moreover, they had to guard against the possibility that this long-run
growth rate might shift.

In such an environment-where the parameters and perhaps the
structure of the dividend process are unknown-it might be rational,
and is certainly natural, to form forecasts of future dividend growth by
extrapolation from a moving average of past dividend growth rates.
Investors' lack of information about the economy in which they are
embedded, and the slow process by which they learn about the
prospective future, combine to make extrapolation of growth an
intelligible and reasonable forecasting strategy.

Section |1l can be read as an argument that investors who adopt the
procedure of extrapolating past dividend growth into the future are
forming rational-expectations estimates of present values given their
limited information and the process by which they learn about the

possibly-changing structure of the economy. Or the section can be read



as an account of the psychological processes by which investors might
adopt the less than rational heuristic of extrapolation which would lead
to the failure of the efficient markets hypothesis, and to excess
volatility. We are not sure that the difference between these two
interpretations is testable.

The concluding section IV provides a brief summary of the

argument.

Il. The Price-Dividend Ratio and Expected Growth Rates
A Dividends and Darnings

figure 2 plots real prices and dividends for the U.S. stock market
from 1880 to the present. It shows that the large long swings in stock
prices are roughly in phase with and somewhat larger than long swings
in real dividends, from 1920 to 1929 log stock index prices rise by IM5
while the log of dividends rises by 1.08. from 1999 to 19b9 log stock
index prices rise by 163 while the log of the real dividends paid on the
index rises by only 0.72. from 1969 to 1982 log stock prices fall by
0.91, while log dividends paid fall by only 0.2b.

Note that year-to-year dividend changes become substantially less
volatile after World War Il. Large year-to-year changes in dividends
become rare, as if the amount of dividend smoothing has substantially
increased. The standard deviation of annual log changes falls from
0.191 over 1880-1939 to .081 over 1990-1981 b

bUnder the assumption that annual changes are independent, this difference produces
an f(59, 51) statistic of 3.29. The .01 level is 1.90.
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Figure 3
Real Stock Index Earnings and Dividends
1880-1991

Year

figure 3 shows flnat decades that see rapidly rising dividends are
times of rising real earnings as well. The relationship of long swings in
dividends and earnings can be quantified by examining the association
of multi-year changes in log dividends and earnings. A regression of the
twenty-year change in log earnings on log dividends yields a coefficient
of 1.33 over the entire sample. And the correlation of twenty-year
changes is 0.70.8 The bulk of long swings in dividends reflect long

swings in trend earnings, not shifts in payout ratios.

B. Excess Volatility and the Price-Dividend Ratio

figure P quantifies the relationship between long swings in prices
and dividends by regressing twenty-year changes in log real stock index
prices against twenty-year swings in the log real dividends paid on the

index. The correlation is high: O.&°. More important, the elasticity of&

&With a standard error of 0.38, adjusting for the overlapping nature of the data.
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stock price with respect to dividend changes is high. The regression
slope is 1.61. Over a twenty-year horizon, each one percent increase in
dividends is accompanied by an additional O.bl percent change in the
same direction in the price/dividend ratio?

This high elasticity cannot easily be attributed to an endogenous
reaction of dividends to factors unconnected with profitability making
for high stock prices. Twenty-year changes in log prices are equally
closely associated with the components of twenty-year changes in log
dividends collinear with and orthogonal to twenty-year changes in

earnings.

Figure 4
Long 20-Year Swings in Log Prices Regressed on 20-Year
Swings in Log Dividends, 1890-1991
(20-Year Log Price Change) = 1.607(20-Year Log Dividend Change) - .089
if =0.703

This high elasticity imposes restrictions on the pattern of

expectations of growth rates implicit in market prices.® An elasticity

9The standard error allowing for overlapping data is 0.21b. Thus the null hypothesis
that there is not a more than proportional response-thai the true slope coefficient is
1.0-can be rejected at the .005 level.

,0With the possible exception of the IT Ib-21 World War | period, this high elasticity



greater than unity is inconsistent with rational expectations, and
models of dividends in which they contain a long-run component mean-
reverting in levels, as implicitly assumed in Shiller [1989, ch. 5; a
reprint of Shiller, 19&I]. Indeed, Shiller [1989, eh. I; a reprint of
Shiller, 1989] regards this high responsiveness of prices to dividends
as an alternative way of stating the "excess volatility" puzzle.

The implications of such a high elasticity for investors' expectations
of dividend growth rates are easily calculated. Holding discount rates
constant in the framework of equation (1), using to denote a partial
derivative, and writing lower case "p" and "d" for the logs of prices
and dividends, the elasticity of price changes with respect to dividend
changes is approximately:'l

1 %

2 .
) r-gt 3d

for pf/df to be greater than one, expected future growth rates gt
implicit in current market prices must be positively correlated with
past shifts in dividends.12 Moreover, the relationship between expected
future growth rates and past dividend changes must be strong. The r-g-t
term in the denominator of equation (2) is on the order of 0.09. To fit

the 1.6 regression coefficient of twenty-year log price changes on

of low-frequency movements in stock prices relative to dividends cannot be
attributed to independent shifts in the price deflator. Twenty-year swings in nominal
prices are even more highly correlated with twenty-year swings in nominal dividends.

' 1Defining

8 =(r-g))§d I<>gE(idti>

Is the anticipated "permanent" dividend growth rate, the present value of all future
dividend growth.

' 24lternatively the rate of discounf r could vary. We think that the line of research
undertaken here is more promising than explanations based on changes in discount
rates. It appears implausible to us that investors in the late 1920's or in the 19b0's
anticipated lower than average real returns on their investments, for an explanation
based on variation in discount rates rather than anticipated growth rates, see
Cecchetti et at. [ 1990],
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dividend changes, each extra ten percent increase in dividends over
twenty years-each increase of 0.5% per year in average dividend
growth over a twenty-year period-must carry with it a shift from the
beginning to the end of the twenty-year period in the value of the
estimated gt of Q.2f%lyear. To account for the actual correlations,
half of any shift in average dividend growth rates over a twenty-year

period must be expected to persist indefinitely into the future.

C Long Swings and Extrapolated Growth Rates

Taking logarithms of both sides of equation (I) gives an expression
for the log stock price:
(3) Pt = d(-In(r-g9
Suppose representative investors form their expectations of the
permanent dividend growth rate gt by extrapolating past dividend

growth, using a simple geometric lag specification:

(a) g( = (I-e)Xe'Ad
i=0

Equation (9) is a parsimonious forecasting rule that leads to the
required positive correlation between past changes in dividends Adt-i
and expected future dividend growth rates gt.

This simple forecasting rule fits the low-frequency variation in real
stock index prices over the twentieth century. Moreover, it does so for
values of the parameter g that are close to one. figures 5 and b plot
actual stock prices and "warranted" values constructed according to
equations (3) and (9) for the parameter values 8 = .95 and 0= .97,

respectively.13 Because q is near one, only a negligible part of year-to-

13figures 5 and b assume a constant real discount rate of b percent per year.



year variance in dividend growth is the result of revisions in the long-
run growth rate of dividends gf. Shifts in g/ account for I/POO of fhe
variance of dividend changes in the case shown in figure 5, and for
approximately 1/ 1000 in the case shown in figure b. Vet the

implications for warranted prices are dramatic.

Figure 5
Actual and Warranted Real Stock Index Prices for 8= 95, 6% Real

Discount Rate
1880-1991
*log Actual Price + Log Warranted Price,9=.95, r=.06

In both cases, because 0is near one the forecasts of future dividend
growth rates implicit in the warranted price series are a very long
moving average of past dividend changes, in figure 5, 35 percent of the
weight in the forecast of future dividend growth is placed on dividend
growth more than twenty years in the past. In figure b, fully PO
percent of the weight is placed on dividend growth more than thirty
years in the past. Thus neither figure contains a warranted price series
that places high weight on the very recent dividend growth experience
Vet in figure 5 long swings in warranted prices are substantially

greater than, and in figure b long swings are about the same magnitude



as, actual low-frequency long swings in the stock market.

Figure 6
Actual and Warranted Real Stock Index Prices for 0=97, 6% Real

Discount Rate
1880-1991
#Log Actual Price + Log Warranted Price. 0=.97, r=.06

Regressing twenty-year log changes in actual stock prices on
twenty-year log changes in the warranted prices plotted in figure b
(with 0=97 and r = .06) produces a slope of 1.00 and an R2 of 0.73. The
variance of twenty-year price changes is 0.353, but the variance of
twenty-year price changes relative to shifts in the "warranted" price
series of figure 6 is only 0.102.'4 This fit between actual low-
frequency movements In stock index prices and movements in
warranted prices calculated by extrapolating past dividend growth
should come as no surprise, for 0=97 and r = .06, the regression slope
of twenty-year changes in calculated log warranted prices on changes
in log dividends is |,b2-almost exactly the 1.6/ slope plotted in figure

Hfor the regression of actual twenty-year changes in log stock prices

,I*The standard error of the slope estimate correcting for the overlapping nature of
the data is 0.130.
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on dividends.

Nofe that a rule of thumb that took the future dividend growth rate
(and also the required rate of discount) to be a constant, and marked
real dividends up by a constant multiple, would not do badly in
accounting for long-run stock price movements over the past century.15
The amount of "excess volatility" in stock prices is an order of
magnitude smaller when assessed in terms of the variability of the
price-dividend ratio than when assessed in terms of the variability of
prices. The variance of twenty-year log changes in the price/dividend
ratio is 0.1HO-enly <Cxmore than the variance of twenty-year changes
in stock prices relative to the "warranted" price series of figure 6. But
the regression coefficient of twenty-year log price changes on dividend
changes is not 1.00. Instead, it is l.bl. Prices react more than
proportionately to long swings in dividends, and this more than
proportional reaction is both economically and statistically

significant,lb

Ill. Why Might Investors Extrapolate?
The previous section has shown that the bulk of the long swings in
US. stock prices could be accounted for if investors formed their

expectations of future dividend growth by extrapolating past dividend

I15This was one of the major points of Mankiw, Romer, and Shapiro [ITSSI. It also
corresponds to Kieidon's 11986a and b] benchmark case, in which log dividends follow
a random walk

Ib The hypothesis advanced in this paper about the causes of low frequency
movements In stock prices is similar in structure to an interpretation proposed for
the nineteenth century Gibson paradox. Investors determine warranted prices by
marking up dividends by a multiple that depends on a growth rate, which is estimated
from a long moving average of past growth. Long run moving averages of past growth
are highly correlated with present levels. Movements in warranted prices appear an
amplified version of long movements in dividends, just as in the Gibson paradox
nominal Interest rates appeared correlated not with the inflation rate but with the
price level. See Barsky and Summers [19887, and Shiiler [1989, ch. If; a reprint of
Shiller and Siegel, 1977./.



growth Into the future. But for what reason might investors adopt such
an extrapolative procedure? 7he first two parts of this section
advance two reasons, first, extrapolation might be the correct strategy
if the dividend process is subject to both transitory and permanent
growth rate shocks. Second, extrapolation might be a risk-minimizing
strategy for an investor uncertain of the nature of the dividend process
who fears that there might be such permanent growth rate shocks: the
past century's data on dividend growth does not contain enough
evidence to dispel such fears.

The third part of this section argues that the presence of a short-
run component in the dividend process that is mean-reverting in levels
is not a reason for investors to assume away the possibility of
permanent shocks to dividend growth rates. The two issues-short-run
mean reversion and long-run shifts in growth rates-are largely
separate, and the second has by far the more important implications
for warranted valuations.

Moreover, economists today cannot precisely estimate the dividend
process. Thus it seems unreasonable to find investors in the past
culpable for failing to know then, with less data at their disposal,

features of the dividend process that economists dispute today.

A forecasting Dividend Growth

Investors might well value the stock market by using a moving
average of past dividend growth to forecast future growth if they had
to estimate the underlying long-run dividend growth rate. Of the

guantities on the right-hand side of equation (/ ):

Dy

()
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all except the growth rate gt are easily observed. Current dividends can
be read in the Wall Street Journal or, earlier, the Commercial and
financial Chronicle. The rate ot discount can be assessed through
introspection. However, information about the remaining variable gr~
the permanent growth rate of dividends-is scarce and unreliable.

Moreover, there is no reason to suppose that the permanent growth
rate of dividends is a constant. No one would claim that estimated
growth rates of profits and dividends derived from the years of rapid
expansion of the railroad industry after the Civil War era have much
relevance for forecasting profit and dividend growth into the 21st
century. Economic growth rates can and do change over generations.
Since 1950 the growth rate of GDP per capita in West Germany has
been more than 3 percent per year, while the growth rate in Argentina
has been less than 15 percent per year. Yet the two countries were
equally rich in 1950, and had seen their GDP per capita levels increase
in step since before 1900.17 Examples could be multiplied: a prudent
investor trying to assess "warranted" values should consider that his
country might be like Argentina, where growth stalls, or become a
Germany or a Spain, where growth accelerates.

A very simple time series model of log dividend growth that captures
these considerations is:
(5) Ad = e(+2_,|(|-0)et +g0

E

In equation (5), go is the permanent growth rate of dividends as of time

0. The e/s are stochastic shocks to dividend growth that have not only a

17 See Barsky and De Long [1990], De Long and Lichengreen 11991], Germany's rapid
post-1950 rate of growth is not due in any large part to recovery from and rebuilding
after World War I1. Such recovery and rebuilding had been substantially completed by
1950. By 19b0 German national product per capita is above not only its pre-World
War |l but also its pre-1929 trend line, the gaps have continued to widen over the
past three decades.
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permanent effect on tine level (the lead et term in equation (5)) hut also
permanent, albeit attenuated, effects on the growth rate of dividends
(the (I-O)et-i terms under the summation sign in equation (5)). The
growth rate of log dividends is thus an IMA( 1,1). At every period in the

future the dividend growth rate expected as of time t is the same:
(b) E(Adt+}= gt = Ea-e)e +go
H

Thus the permanent dividend growth rate is just this same constant.

The log dividend process generated by equation (5) is, for O near one,
close to a random walk. But it has a rate of drift that is itself slowly
time varying. As a result, information gathered in the distant past will
over time become less and less relevant to determining the current
underlying permanent rate of dividend growth, équation (5) thus
captures the intuition that forecasts of the future should not pay
much attention to the very distant past.

Neglecting higher-order variance-generated terms, the present
value of future dividends that are expected to grow at a constant rate
gt is:l&
18As (5) Is written, it is not completely correct to neglect such higher order terms.
Taking them into account leads to the conclusion that the log dividend process (5) has
an infinite expected present value of future dividends. With finite probability the
growth rate becomes, and stays, larger than the discount rate.

Equation (5) can be rationalized as an approximation to a continuous time
stochastic process in which the log level of dividends follows a Brownian motion about
a mean rate of drift that itself changes over time. There is such a process, with small
"nuisance" terms in its specification, that has a well-defined expected present value

equal to that given by equation (7): pt «dt - in(r - gt). The growth rate gt must evolve
according to:

ra-e)Vv
N =gb+o0-e)owt-J -— edt
0
The log level of dividends dt must evolve according to:
t t 2

dt = do+Jgtdt+aEN,-£)T dt
0

where Wt is a standard unit Brownian motion. These "nuisance" terms-the last
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(7) p( = dt-In(r-g9

Equation (b) can be solved for the expected permanent dividend growth

rate in terms of past dividend changes:

(8) gt = (i-e)XOlAdti

Equations (7) and (8) are identical to equations (3) and (9). Thus,
under the dividend process (5), the warranted price series calculated
according to equations (3) and (9), and exhibited in figures 3 and 9, are
the rational-expectations forecasts of the present value of future
dividends for given values of 0. The basic point comes from Muth
[19b0], If avariable-in this case dividend growth-is an IMA{\ ,1), its
optimal forecast will be a long geometrically-declining weighted
average of past values.

In this sense, extrapolation could be accounted for by investors'
lack of information. The underlying dividend growth rate is not a known
parameter read in each morning's Wall Street Journal. It is an unknown,
plausibly time-varying, that has to be estimated. Therefore rational

investors might well extrapolate past dividend growth into the future.

B. The Magnitude of Growth Rate Shocks

if our argument depended on the existence of a "large" unit root in
the dividend growth process-a unit root that made significant
contributions to the year-to-year variance of dividend growth-it would
be easily refuted. Many have found a random walk with constant drift

to be a good first approximation to the US. dividend process (see

integral in each equation-are quantitatively insignificant, they are on the order of
0.5% per year in the level equation and 0.01% per year in the growth rate equation.
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fhankiw, Romer, and Shapiro [19&5], Kleidon [I9&b). However, the
values of 0 equal fo 0.95 and 0.97 required to generate figures 5 and b
correspond to a unit root in dividend growth that contributes only a
very small share of year-to-year dividend growth volatility, and that is
very hard to estimate empirically.

information about the form and the parameters of the dividend
process was limited back at the beginning of this century. Information
about the parameters of the dividend process is still limited today.
Estimation of the iMA[i,i) of equation (5) produces a maximum
likelihood estimate of 0 equal to 0.989, with an (asymptotic) estimated
standard error of 0.023. However, the most important point is not that
the likelihood is maximized for 0=0.989, with a lower bound to the
(asymptotic) .95 confidence interval of 0.9%13. It is that the data do not
speak strongly about the value of Q

further complicating inference is the lack of rapid convergence to
the asymptotic distribution for Qnear one. Shephard and Harvey (1990]
investigate the small sample behavior of estimates of the Muth-type
tMATfi ,i) process considered here. They find that there is a disturbingly
large probability of calculating a maximum likelihood estimate of 0
equal to 1.00 even when 0 is less than one and there are permanent
shocks. Thus even a finding of a maximum likelihood estimate of 0 equal
to one would not be evidence that there are no permanent growth rate
shocks. Shephard and Harvey [1990] report that for a sample size of
50 and for a true 0 of 0.90, there is one chance in three that the
maximum likelihood estimate will be at 0=/.00.,q Our model has more
than twice the number of observations available as does Shephard and
Harvey's monte carlo study, but it requires an underlying 0 only one-2

19Under the procedure providing the least chance of incorrectly estimating 0=/.00,
which starts with a diffuse prior on the initial state of the system.
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third as far from 1.00, so our model possesses less power to resolve
differences of Qfrom 1.00 as does Shephard and Harvey's. Our own
monte carlo simulations with a sample size of 120 and a true
underlying 0 of 0.97 find that 36 out of 100 times the maximum of the
likelihood is at 1.00.

Thus the sample size and the relative magnitude of permanent
growth rate shocks are too small for estimation of equation (5) to be
informative about values of 0in the range needed to produce figures
like 5 and b. An individual with a point belief that 0 was .95, or .97, or
.99, or 1.0 in 1871, who decided then to hold that belief until evidence
forced a statistically significant rejection, would today still hold to his
original prior opinion.

Little hinges on the nullialternative framework. Rephrased in
Bayesian terms, the likelihood function for the IMA(I,1) process with
normal Innovations is sufficiently flat over the parameter 0 that an
individual who in 1&71 held a uniform prior for Oover [0, I], would
today hold a posterior with a relatively large variance. Since with a
uniform prior the posterior is proportional to the likelihood, such an
investor would hold a subjective distribution for Owith a mean of .959,
and a standard deviation of OPS20

Whether an investor is a Bayesian or follows hypothesis-testing
methodology, the parameters of equation (5) are not precisely
estimated. An investor could find reason believe that permanent shifts
in the rate of mean dividend growth are relatively large, and that the
"true" 0=0.95-in which case, as figure 5 showed, the warranted
fluctuations in the stock market were significantly more volatile than
the actual fluctuations of stock indices. An investor could perhaps

20He would think that there was a 90% chance that 6was in [.91,1], a b0% chance
that 6was in [,9b, 1], and a 15% chance that 8was in [.99,1).
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believe there are no permanent shifts in the rate of mean dividend
growth-that the "true" 0=/.00. In this case the stock market has been
too volatile: it has been anticipating permanent shifts in dividend
growth that have never occurred, and will never occur.

We have shown that an econometrician attempting in 1992 to detect
a small unit root in dividend growth could not obtain precise estimates,
even with 120 years of data. A fortiori an investor in the past-in 1929,
1933, or 19b3-operating with the smaller sample of data then
available could not determine whether 6 was really 1.00 or 0.97.
Moreover, a risk averse investor would have allowed for the possibility
of some permanent shocks to the dividend growth rate even if he
thought that the most likely value for 0 was one, and thus that the

permanent dividend growth rate was a fixed constant.

C Mean Reversion

Some have argued that dividends over the twentieth century may
have in fact followed a more complicated process, or succession of
processes, than the simple random walk with varying drift of equation
(5). The autocorrelations of dividend growth suggest that the dividend
process may contain a short-run mean reverting component (Shiller
[19&91; ch. 8)2'

Especially at longer horizons, the univariate impulse response of
dividends to a given shock is not precisely estimated. A null hypothesis
that the cumulative impulse response over twenty-five years is 15

could not be rejected. At any horizon, the upper bound to the 952

2l Univariate estimates of impulse response functions produce point estimates that
after nine years gi percent of an initial shock to the log level of dividends has been
eroded away by the decay of a mean-reverting component. Estimates of impulse
response functions at horizons of fifteen to twenty-five years produce point
estimates that also suggest that two-fifths of an initial shock has been eroded away.
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percent confidence interval for the cumulative impulse response
includes one. It is not possible to conclude from the univariate
autocorrelations of the dividend process that it definitely contains a
mean reverting component. Nevertheless, an investor who relied on the
point estimates of the cumulative impulse response would expect
recent movements in dividends to be partially reversed over the next
eight years or so, and would place negative weight on recent dividend
growth in estimating warranted values.

However, such a mean reverting component at a relatively short
horizon could have little effect on major swings of the stock market.
Since it is mean reverting, it has a long-run impulse response that dies
out. It cannot make any contribution to the variance at some
sufficiently long horizon. The impulse responses of non-stationary
components-permanent shifts in either levels or growth rates-will
dominate the behavior of the dividend process at sufficiently long
horizons.

To demonstrate this, replace equation (5) with a more general
process:

) Ad e+ X'+ Z,5-B)ei+ D

H i=i
Equation (9) includes in the dividend process a short-run mean-
reverting component covering the first m periods, for values of the §
coefficients less than zero.

figure 7 plots actual stock prices and two sets of "warranted"
prices-one from figure b with 0=97, and one with 0=97, m=&, and the
(i parameters set equal to the first eight autocorrelations of dividend
growth. With these parameters, more than tO percent of shocks to the

level of dividends are eroded away by the long-run disappearance of



the mean-reverting component. Yet the effect on the long swings in
"warranted" prices is small. Tine two "warranted" series plotted are
much closer together than are the warranted series for different

values of 0in figures 5 and h.

Figure 7
Warranted Prices with and without Short-Run Mean Reversion

from the standpoint of the effect on the pattern of long swings in
stock prices, small changes in Q-in the magnitude of permanent shocks
to long-run dividend growth-overwhelm large shifts in the degree of
short-run mean reversion. The presence of short-run mean-reversion in
levels is not cause to neglect the possibility of long-run permanent

shocks to growth rates.

D Implications

A possible conclusion to draw is that to ask if stock prices have
been rational forecasts of fundamentals is to ask an unanswerable
qguestion. There is a view of the process generating dividends-the view

set out in Shiller [1989, cf)s. 5 and &]-which would have led to stock
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prices that conformed much more closely to what the actual ex post
realized values turned out to be. There are also defensible views
(0=.97) justifying the long swings seen as the best the market could do
ex ante, given its lack of knowledge about and need to estimate
possibly time-varying long run rates of dividend growth. There are even
defensible views (0= 95) that much wider swings would have been
perfectly reasonable given investors' lack of timely information about
the dividend process.22

Given the uncertainty today about how to model the evolution of
dividends over the past century, it seems rash to find investors in some
sense culpable when the implicit forecasts reflected in market prices
do not correspond to a particular favorite model. It is perhaps better
to argue that information was so scarce that it would be surprising if

investors had been able to construct good forecasts.

IV. Conclusion

Over the past century the stock market has been at times twice, and
at times half, of what its ex post perfect-foresight fundamental
turned out to be. Long swings in stock prices are associated with and
proportionately larger than long swings in dividends, for twenty-year
changes, each one percent shift in dividends is associated with a |I.b
percent shift in actual stock prices-and with almost no shift at all in
the perfect-foresight fundamental.

This paper has proposed a model in which these large long-run

swings in the stock market arise because investors extrapolate past

22Not to mention the views that argue that there was no single generating process-
instead, a unique catastrophe (the Great Depression) and at least two different
structural régimes. See Kim, Nelson, and Startz [ 1990].
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dividend growth info the future. Such a procedure would be reasonable.
Investors are uncertain of the structure of the economy, and they have
to form their own forecasts of the possibly changing long-run dividend
growth rate. In a context in which the long-run rate of dividend growth
is an uncertain and possibly changing parameter that investors must
estimate-not a known constant-investors should estimate warranted
values by forecasting dividend growth from a moving average of past
dividend changes. Such an extrapolative estimation procedure would
have led to fluctuations in warranted values as large as and in phase
with actual bull and bear swings of the past century.23

An alternative interpretation of such possible extrapolation of past
dividend growth into the future is that the resulting large swings in
stock prices are driven not by fundamentals but by "fads and
fashionsOver the past century dividends have exhibited long-run
mean reversion. Investors have not taken this into account. Under this
interpretation this paper has given an example of what Shiller [ 1990j
terms the "popular model“ that describes the not necessarily rational
expectations-based rules of thumb that investors have used over the
past century to value the market.

"We see no immediate way to distinguish these interpretations using
this particular data set. It is hardly reasonable to require that
investors in the past place confidence in some particular favorite
model of a present economist. After all, the economist has chosen this

model ex post, with the benefit of hindsight.

23Some analogous conclusions have been reached by economists examining stock
markets in other countries. Bulkley and tonks [I19&9] argue that once one takes
account of investors' need to estimate the parameters of the dividend process, the
post-World War | UK stock market does not appear excessively volatile. De Long and
Becht [1991] note that post-World War Il German prices and price/dividend ratios
reach a peak at the beginning of the 19b0's-just after the end of the rapid growth
decade of the 1950's, and just before two decades of relatively slow dividend growth-
also suggesting that investors followed an extrapolation procedure.
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Uncertainty about the structure of the economy is substantial.
Economists today squabble over the proper characterization of the
dividend process. Many analysts In year like 1929 and 19b2, examining
the past track of dividend growth and the state of the economy, did
believe that the economy had entered a new régime of accumulation in
which economic and dividend growth would be more rapid. These
judgments were shared by prominent monetary economists at the end
of the /920's (see fisher [1930]) and by prominent Keynesians in the
19b0's (see Tobin and Weidenbaum [1988]). This suggests that if
today's economists chose models without using their hindsight, the
expectations in their models might well appear as grossly inconsistent
with rational expectations as those implicit in actual stock index

prices.



28

References

Robert Barsky and Bradford De Long (19897, "Why Have Stock Prices
fluctuated?" (Cambridge, MA: Harvard University xerox).

Robert Barsky and Bradford De Long 11990], "Bull and Bear Markets in
the Twentieth Century," Journal of Economic History 50,2 (June), pp.
265-82.

Robert Barsky and Bradford De Long (1991), "forecasting Pre-World
War | Inflation: The fisher Effect and the Gold Standard,"” Quarterly
Journal of Economics 186,3 (August), pp. 8/ 5-37.

Robert Barsky and Lawrence Summers (1988], "The Gibson Paradox
and the Gold Standard," Journal of Political Economy 96,3 (June), pp.
528-51

George Bulkley and lan Tonks (1989], "/Ire UK Stock Prices Excessively
Volatile? Trading Rules and Variance Bounds Tests," Economic
Journal 99 (December), pp. 1883-99.

John Y. Campbell and Robert J. Shiller (19&&], "Stock Prices, Earnings,
and Expected Dividends," Journal of finance 93 (June), pp. 661-76.

Stephen Cecchetti, Pok-Sang Lam, and Nelson Mark [1990], "Mean
Reversion in Equilibrium Asset Prices," American Economic Review
80,3 (June), pp. 398-9/9.

Alfred Cowles et at. [1939], Common Stock Indices (Bloomington, IN:
Principia Press, 2nd ed.).

J. Bradford De Long and Marco Becht (1991 ], "Excess Volatility' in the
German Stock Market" (Cambridge, MA: Harvard University xerox).

J. Bradford De Long and Barry J. Eichengreen (1991], "The Marshall
Plan: History's Most Successful Structural Adjustment Program"
(Cambridge, MA: NBER xerox).

Irving fisher [1930], The Stock Market Crash-and After (New fork:
Macmillan).

Eugene fama and Kenneth french (19887, “Permanent and Temporary
Components of Stock Prices," Journal of Political Economy 96 (April),
296-73.



29

Press).

Myron Gordon [I9b2], The Investment, financing, and Valuation of the
Corporation {Homewood, IL: Irwin).

Benjamin Graham and David Dodd (1939, 199&, 19b2], Security
Analysis, Ist, 3rd, and 9th editions (New fork: McGraw-Hill).

Sanford Grossman and Robert J. Shiller (19&1 ], "The Determinants of
the Variability of Stock Market Prices," American Economic Review
71 ,pp. 222-7

Myung Jig Kim, Charles Nelson, and Richard Startz [l 990], "Mean
Reversion in Stock Prices: A Reappraisal" (Cambridge, MA: NBER
working paper 2795).

Allen Kleidon [19&ba], "Anomalies in financial économies: Blueprint for
Change?" in Robin M Hogarth and Melvin W Reder, eds., Rational
Choice: The Contrast Between Economics and Psychology (Chicago, IL:
University of Chicago Press), pp. 285-31 5.

Allen Kleidon [I9&bb], "Variance Bounds Tests and Stock Price
Valuation Models," Journal of Political Economy 99 (October), pp
953-i 001.

Stephen LeRoy and Richard Porter (198/], "The Present-Value Relation.
Tests Based on Implied Variance Bounds," Econometrica 99: 555-79.

Stephen LeRoy (I 9897, "Efficient Capital Markets and Martingales,"
Journal of Economic Literature 27 (December), pp. 1583-/622.

N Gregory Mankiw, David Romer, and Matthew Shapiro (I 985), "An
Unbiased Reexamination of Stock Market Volatility," Journal of
finance 90 (June), pp. 677-87.

N. Gregory Mankiw, David H Romer, and Matthew D. Shapiro (1991),
"Stock Market forecastability and Volatility: A Statistical
Appraisal,” Review of Economic Studies 58.3 (May), pp. 955-77.

Robert Merton and Terry Marsh (1987), "Dividend Behavior and the
Aggregate Stock Market," Journal of Business 60 (January), pp. I-
0.

John Muth [19b0], "Optimal Properties of Exponentially Weighted
forecasts,” Journal of the American Statistical Association 55, pp.
299-306.

James Poterba and Lawrence Summers (1988), "Mean Reversion in



30

Stock Prices: Evidence and Implications,"” Journal of financial
Economics 22, pp. 27-59.

NG Shephard and Andrew C Harvey [1990], "On the Probability of
Estimating a Deterministic Component in the Local Level Model,"
Journal of Time Series Analysis | 1,4, pp. 339-47.

Robert J. Shiller [19817, "Do Stock Prices Move Too Much to Be
Justified by Subsequent Changes in Dividends?" American Economic
Review 7 1, pp. 42 /-35.

Robert J. Shiller [ 19847, "Stock Prices and Social Dynamics," Brookings
Papers on Economic Activity 1984,2 (fall), pp. 457-98.

Robert J. Shiller f 19867, "Comment on Kleidon," in Robin M Hogarth and
Melvin W. Reder, eds., Rational Choice: The Contrast Between
Economics and Psychology (Chicago, Il.: University of Chicago Press).

Robert J. Shiller (19887, "7he Probability of Gross Violations of a
Present Value Variance inequality,” Journal of Political Economy 96
(October), pp. 1089-92.

Robert J. Shiller (19897, Market Volatility (Cambridge, MA. M.L.T.
Press).

Robert J. Shiller [19907, "Speculative Prices and Popular Models,"
Journal of Economic Perspectives 4,2 (Spring), pp. 55-65.

Robert J. Shiller and Jeremy Siegel (19777, "The Gibson Paradox and
Historical Movements in Real Interest Rates," Journal of Political
Economy 85, pp. 891-907.

Standard and Poor's Corporation [199/7, Securities Price index Record
(New York: Standard and Poor's).

Lawrence Summers [ 19867, "Does the Stock Market Rationally Reflect
fundamental Values?" Journal of finance P1, pp. 591-60 1.

James Tobin and Murray Weidenbaum, eds. [ 19887, Two Revolutions in
Economic Policy (Cambridge, MA: M.L.T. Press).

Kenneth West (19887, "Bubbles, fads, and Stock Price Volatility Tests:
A Partial Evaluation," Journal of finance 43, pp. 639-56.



EUI
WORKING
PAPERS

EUI Working Papers are published and distributed by the
European University Institute, Florence

Copies can be obtained free of charge - depending on the availability of
stocks - from:

The Publications Officer
European University Institute
Badia Fiesolana
1-50016 San Domenico di Fiesole (FI)
Italy

Please use order form overleaf



Publications of the European University Institute

Economics Department Working Paper Series

To Economics Department WP
European University Institute
Badia Fiesolana
1-50016 San Domenico di Fiesole (FI)
Italy

From NAME..oiiieeccce e

(Please print)

O Please enter/confirm my name on EUI Economics Dept. Mailing List
O Please send me a complete list of EUI Working Papers

O Please send me a complete list of EUI book publications

O Please send me the EUI brochure Academic Year 1992/93

Please send me the following EUI ECO Working Paper(s):

NO, AULNOE et e e aree e
THHlE: e
NO, AULNOT e
THIE. e
NO, AUTNOE e
THHlE: s
NO, AUTNOr s
Title:

Date Signature



Working Papers of the Department of Economics
Published since 1990

ECO No. 90/1

Tamer BASAR and Mark SALMON
Credibility and the Value of Information
Transmission in a Model of Monetary
Policy and Inflation

ECO No. 90/2

Horst UNGERER

The EMS - The First Ten Years
Policies - Developments - Evolution

ECO No. 90/3

Peter . HAMMOND

Interpersonal Comparisons of Utility:
Why and how they are and should be
mack

ECO No. 90/4

Peter . HAMMOND

A Revelation Principle for (Boundedly)
Bayesian Rationalizable Strategies

ECO No. 90/5

PeterJ. HAMMOND

Independence of Irrelevant Interpersonal
Comparisons

ECO No. 90/6

Hal R. VARIAN

A Solution to the Problem of
Externalities and Public Goods when
Agents are Well-Informed

ECO No. 90/7
Hal R. VARIAN
Sequential Provision of Public Goods

ECO No. 90/8

T. BRIANZA, L. PHLIPS and J.F.
RICHARD

Futures Markets, Speculation and
Monopoly Pricing

ECO No. 90/9

Anthony B. ATKINSON/ John
MICKLEWRIGHT
Unemployment Compensation and
Labour Market Transition: A Critical
Review

ECO No. 90/10
Peter . HAMMOND
The Role of Information in Economics

ECO No. 90/11

Nicos M. CHRISTODOULAKIS
Debt Dynamics in a Small Open
Economy

ECO No. 90/12

Stephen C. SMITH

On the Economic Rationale for
Codetermination Law

ECO No. 90/13
Elettra AGLIARDI
Learning by Doing and Market Structures

ECO No. 90/14
Peter . HAMMOND
Intertemporal Objectives

ECO No. 90/15

Andrew EVANS/Stephen MARTIN
Socially Acceptable Distortion of
Competition: EC Policy on State Aid

ECO No. 90/16
Stephen MARTIN
Fringe Size and Cartel Stability

ECO No. 90/17

John MICKLEWRIGHT

Why Do Less Than a Quarter of the
Unemployed in Britain Receive
Unemployment Insurance?

ECO No. 90/18

Mrudula A. PATEL

Optimal Life Cycle Saving With
Borrowing Constraints:

A Graphical Solution

ECO No. 90/19

Peter . HAMMOND

Money Metric Measures of Individual
and Social Welfare Allowing for
Environmental Externalities

ECO No. 90/20

Louis PHLIPS/

Ronald M. HARSTAD
Oligopolistic Manipulation of Spot
Markets and the Timing of Futures
Market Speculation

Working Paper out of print



ECO No. 90/21

Christian DUSTMANN

Earnings Adjustment of Temporary
Migrants

ECO No. 90/22

John MICKLEWRIGHT

The Reform of Unemployment
Compensation:

Choices for East and West

ECO No. 90/23

Joerg MAYER

U. S. Dollar and Deutschmark as
Reserve Assets

ECO No. 90/24

Sheila MARNIE

Labour Market Reform in the USSR:
Fact or Fiction?

ECO No. 90/25

Peter JENSEN/

Niels WESTERGARD-NIELSEN
Temporary Layoffs and the Duration of
Unemployment: An Empirical Analysis

ECO No. 90/26

Stephan L. KALB

Market-Led Approaches to European
Monetary Union in the Light of a Legal
Restrictions Theory of Money

ECO No. 90/27

Robert J. WALDMANN

Implausible Results or Implausible Data?
Anomalies in the Construction of Value
Added Data and Implications for Esti-
mates of Price-Cost Markups

ECO No. 90/28
Stephen MARTIN
Periodic Model Changes in Oligopoly

ECO No. 90/29

Nicos CHRISTODOULAKIS/
Martin WEALE

Imperfect Competition in an Open
Economy

ECO No. 91/30

Steve ALPERN/Dennis J. SNOWER
Unemployment Through ‘Learning From
Experience’

ECO No. 91/31

David M. PRESCOTT/Thanasis
STENGOS

Testing for Forecastible Nonlinear
Dependence in Weekly Gold Rates of
Return

ECO No. 91/32

Peter . HAMMOND

Harsanyi’s Utilitarian Theorem:

A Simpler Proof and Some Ethical
Connotations

ECO No. 91/33

Anthony B. ATKINSON/

John MICKLEWRIGHT

Economic Transformation in Eastern
Europe and the Distribution of Income

ECO No. 91/34

Svend ALBAEK

On Nash and Stackelberg Equilibria
when Costs are Private Information

ECO No. 91/35

Stephen MARTIN

Private and Social Incentives
to Form R & D Joint Ventures

ECO No. 91/36
Louis PHLIPS
Manipulation of Crude Oil Futures

ECO No. 91/37

Xavier CALSAMIGLLA/Alan KERMAN
A Unique Informationally Efficient and
Decentralized Mechanism With Fan-
Outcomes

ECO No. 91/38

George S. ALOGOSKOUFIS/
Thanasis STENGOS

Testing for Nonlinear Dynamics in
Historical Unemployment Series

ECO No. 91/39

Peter J. HAMMOND

The Moral Status of Profits and Other
Rewards:

A Perspective From Modem Welfare
Economics

Working Paper out of print



ECO No. 91/40

Vincent BROUSSEAU/Alan KIRMAN
The Dynamics of Learning in Mis-
Specified Models

ECO No. 91/41

Robert James WALDMANN

Assessing the Relative Sizes of Industry-
and Nation Specific Shocks to Output

ECO No. 91/42

Thorsten HENS/Alan KIRMAN/Louis
PHLIPS

Exchange Rates and Oligopoly

ECO No. 91/43

Peter J. HAMMOND
Consequentialist Decision Theory and
Utilitarian Ethics

ECO No. 91/44

Stephen MARTIN

Endogenous Firm Efficiency in a Cournot
Principal-Agent Model

ECO No. 91/45

Svend ALBAEK

Upstream or Downstream Information
Sharing?

ECO No. 91/46

Thomas H. McCURDY/

Thanasis STENGOS

A Comparison of Risk-Premium
Forecasts Implied by Parametric Versus
Nonparametric Conditional Mean
Estimators

ECO No. 91/47

Christian DUSTMANN

Temporary Migration and the Investment
into Human Capital

ECO No. 91/48

Jean-Daniel GUIGOU

Should Bankruptcy Proceedings be
Initiated by a Mixed
Creditor/Shareholder?

ECO No. 91/49
Nick VRIEND
Market-Making and Decentralized Trade

ECO No. 91/50

Jeffrey L. COLES/Peter . HAMMOND
Walrasian Equilibrium without Survival:
Existence, Efficiency, and Remedial
Policy

ECO No. 91/51

Frank CRITCHLEY/Paul MARRIOTT/
Mark SALMON

Preferred Point Geometry and Statistical
Manifolds

ECO No. 91/52

Costanza TORRICELLI

The Influence of Futures on Spot Price
Volatility in a Model for a Storable
Commodity

ECO No. 91/53

Frank CRITCHLEY/Paul MARRIOTT/
Mark SALMON

Preferred Point Geometry and the Local
Differential Geometry of the Kullback-
Leibler Divergence

ECO No. 91/54

Peter MOLLGAARD/
Louis PHLIPS

Oil Futures and Strategic
Stocks at Sea

ECO No. 91/55

Christian DUSTMANN/

John MICKLEWRIGHT

Benefits, Incentives and Uncertainty

ECO No. 91/56

John MICKLEWRIGHT/

Gianna GIANNELLI

Why do Women Married to Unemployed
Men have Low Participation Rates?

ECO No. 91/57

John MICKLEWRIGHT

Income Support for the Unemployed in
Hungary

ECO No. 91/58
FabioCANOVA
Detrending and Business Cycle Facts

ECO No. 91/59

Fabio CANOVA/

Jane MARRINAN

Reconciling the Term Structure of
Interest Rates with the Consumption
Based ICAP Model

ECO No. 91/60

John FINGLETON

Inventory Holdings by a Monopolist
Middleman

Working Paper out of print



ECO No. 92/61
SaraCONNOLLY/John
MICKLEWRIGHT/Stephen NICKELL
The Occupational Success of Young Men
Who Left School at Sixteen

ECO No. 92/62

Pier Luigi SACCO

Noise Traders Permanence in Stock
Markets: A Tatonnement Approach.

I: Informational Dynamics for the Two-
Dimensional Case

ECO No. 92/63
Robert J. WALDMANN
Asymmetric Oligopolies

ECO No. 92/64

Robert J. WALDMANN /Stephen

C. SMITH

A Partial Solution to the Financial Risk
and Perverse Response Problems of
Labour-Managed Firms: Industry-
Average Performance Bonds

ECO No. 92/65 .
Agustfn MARAVALL/VIictor GOMEZ
Signal Extraction in ARIMA Time Series
Program SEATS

ECO No. 92/66

Luigi BRIGHI

A Note on the Demand Theory of the
Weak Axioms

ECO No. 92/67

Nikolaos GEORGANTZIS

The Effect of Mergers on Potential
Competition under Economies or
Diseconomies of Joint Production

ECO No. 92/68

Robert J. WALDMANN/

J. Bradford DE LONG

Interpreting Procyclical Productivity:
Evidence from a Cross-Nation Cross-
Industry Panel

ECO No. 92/69

Christian DUSTMANN/John
MICKLEWRIGHT

Means-Tested Unemployment Benefit
and Family Labour Supply: A Dynamic
Analysis

ECO No. 92/70

Fabio CANOVA/Bruce E. HANSEN
Are Seasonal Patterns Constant Over
Time? A Test for Seasonal Stability

ECO No. 92/71

Alessandra PELLONI

Long-Run Consequences of Finite
Exchange Rate Bubbles

ECO No. 92/72

Jane MARRINAN

The Effects of Government Spending on
Saving and Investment in an Open
Economy

ECO No. 92/73
Fabio CANOVA and Jane MARRINAN
Profits, Risk and Uncertainty in Foreign
Exchange Markets

ECO No. 92/74

Louis PHLIPS

Basing Point Pricing, Competition and
Market Integration

ECO No. 92/75

Stephen MARTIN

Economic Efficiency and Concentration:
Are Mergers a Fitting Response?

ECO No. 92/76

Luisa ZANCHI

The Inter-Industry Wage Structure:
Empirical Evidence for Germany and a
Comparison With the U.S. and Sweden

ECO NO. 92/77

Agustrn MARAVALL

Stochastic Linear Trends: Models and
Estimators

ECO No. 92/78

Fabio CANOVA

Three Tests for the Existence of Cycles
in Time Series

ECO No. 92/79

Peter J. HAMMOND/Jaime SEMPERE
Limits to the Potential Gains from Market
Integration and Other Supply-Side
Policies

Working Paper out of print



ECO No. 92/80

Victor GEBMEZ and Agustfn
MARAVALL

Estimation, Prediction and Interpolation
for Nonstadonary Series with the
Kalman Filter

ECO No. 92/81

Vfctor GBMEZ and Agustfn
MARAVALL

Time Series Regression with ARIMA
Noise and Missing Observadons
Program TRAM

ECO No. 92/82

J. Bradford DE LONG/ Marco BECHT
“Excess Volatility” and the German
Stock Market, 1876-1990

ECO No. 92/83

Alan KIRMAN/Louis PHLIPS
Exchange Rate Pass-Through and Market
Structure

ECO No. 92/84
Chrisdan DUSTMANN
Migration, Savings and Uncertainty

ECO No. 92/85

J. Bradford DE LONG

Productivity Growth and Machinery
Investment: A Long-Run Look, 1870-
1980

ECO NO. 92/86

Robert B. BARSKY and J. Bradford
DELONG

Why Does the Stock Market Fluctuate?

Working Paper out of print



‘Aoyisoday yoleasay aynsu| Alsiaalun ueadolng ‘snwpe) uo ssadoy uadQ ajqejieAy ‘0z0gz Ul Aleiqi] |N3 @yl Ag paonpoud uoisian pasyibiq
anyisu| Alsianiun ueadoing (s)iouiny 8yl @



‘Aoysoday yoleasay ajnyisu| Alsianiun ueadolng ‘snwpe) uo ssadoy uadQ a|qejieAy ‘0z0gz Ul Alelqi] |N3 @y Ag paonpoud uoisian pasnibiq
‘a1nysu| Aysianiun ueadoun3 ‘(s)loyiny syl ©



‘Aoysoday yoleasay ajnyisu| Alsianiun ueadolng ‘snwpe) uo ssadoy uadQ a|qejieAy ‘0z0gz Ul Alelqi] |N3 @y Ag paonpoud uoisian pasnibiq
‘a1nysu| Aysianiun ueadoun3 ‘(s)loyiny syl ©





