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Figure 14
Forecasting function: October 1929
This figure plots, as the surface of diamonds, the functional relationship between .yt¡1; yt¡2/ and
yt implied by our model in Table 2, with the discount rate rt equal to the interest rate on low-risk
commercial paper plus a constant equity premium equal to the average excess return on stocks
over low-risk bonds from 1871 to 1988. Parameter values are from October 1929, the first month
after the stock market crash. The 60,000 short vertical pillars rising up from the figure’s floor
represent the first 6 months of Monte Carlo evolutions for ytCi (measured on the vertical axis) as
a function of ytCi¡1; ytCi¡2 (i.e., the two most recently forecasted values of y in the Monte Carlo
sequence) from our 10,000 simulated economies produced in October 1929. The five tall pillars
that extend from the figure’s floor all the way up through the forecasting surface represent, from
top to bottom, the maximum, 99.5th percentile, median, 0.5th percentile, and minimum values of
ytCi forecasted in October 1929.

discounted dividend growth rates (i.e., the data) on which our model
is estimated and forecast simulations are based. Notice that, while
yt reaches a local maximum in mid-1929, the 1929 peak in y is not
a global maximum. Indeed, the yt series peak in 1929 is somewhat
lower than the 1927 peak in y, though the 1929 fundamental price in
Figure 7 is considerably higher than the 1927 fundamental.

The 1929 fundamental price peak is higher than the 1927 price
peak for two reasons. First, as seen in Figure 3, the level of dividends
was higher in 1929 than it was in 1927. Thus, even if the Et¡1f¢g
dividend multiplier in 1929 was equal to the 1927 multiplier, as in
the basic Gordon model, the fundamental price (i.e., dividends times
the multiplier) would be higher in 1929. Of course, as seen directly
in Figure 9, our model’s Et¡1f¢g dividend multiplier is considerably
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Figure 15
Discounted dividend growth rate (bond yield-r)
This figure plots the discounted dividend growth rate, yt D .1 C gt /=.1 C rt /, where gt is the
dividend growth rate and rt is the interest rate on low-risk commercial paper plus a constant
equity premium equal to the average excess return on stocks over low-risk bonds from 1871 to
1988. See Appendix 1 for data sources.

higher in 1929 than it was in 1927, which is the second reason the
1929 price is higher; the increased Et¡1 f¢g multiplier magnifies 1929’s
increased dividend levels to produce the 1929 price peak.

There are two reasons why we obtain a 1929 dividend multiplier
Et¡1f¢g that is larger than the multiplier from 1927, or any previous
year. First is the declining ARCH variance effect, discussed in Section
3.2.2, which causes more weight to be placed on the autocorrelated
component of our model and less weight to be placed on the ut in-
novations, as we enter the late 1920s. The second, previously undis-
cussed, reason is that the autocorrelated component of our model
becomes more autocorrelated during the late 1920s. This feature is
seen directly in Table 3, which reports parameter estimates and asso-
ciated standard errors for every second December from 1919 to 1934.
Note the downward shift in the regression constant fi and the shift
upward in the AR1 parameter fl, both from Equation (6), which occurs
in mid-1927. This fi-fl switching implies that the data becomes more
persistent during the late 1920s than it had previously been. Thus, at
the very moment that Section 3.3.2’s ARCH effects begin placing more
weight on the persistent component of y, y becomes more persistent.
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Table 3
Parameter estimates for equations (6) through (12): bond yield-r (standard errors in
parentheses)

Equation
number! (6) (6) (7) (10) (10) (12) (12)

Parameter
name! fi fl1 –1 ‰1 ‰2 ‚ »1

Date #

1919:12 0.438⁄ 0.558⁄ -2.619⁄ 1.708⁄ -0.775⁄ 0.372⁄ 0.202
(0.094) (0.095) (0.648) (0.081) (0.075) (0.071) (0.141)

1921:12 0.477⁄ 0.519⁄ -2.765⁄ 1.742⁄ -0.800⁄ 0.338⁄ 0.194
(0.086) (0.087) (0.658) (0.066) (0.063) (0.070) (0.153)

1923:12 0.503⁄ 0.493⁄ -2.860⁄ 1.760⁄ -0.817⁄ 0.326⁄ 0.198
(0.082) (0.083) (0.653) (0.060) (0.057) (0.069) (0.155)

1925:12 0.516⁄ 0.479⁄ -2.930⁄ 1.765⁄ -0.820⁄ 0.318⁄ 0.234
(0.082) (0.083) (0.675) (0.058) (0.056) (0.071) (0.162)

1927:12 0.158 0.839⁄ -3.403⁄ 1.347⁄ -0.463⁄ 0.290⁄ 0.250
(0.237) (0.238) (0.930) (0.290) (0.131) (0.070) (0.171)

1929:12 0.148 0.849⁄ -3.746⁄ 1.319⁄ -0.440⁄ 0.267⁄ 0.257
(0.197) (0.198) (0.864) (0.238) (0.099) (0.070) (0.183)

1931:12 0.135 0.861⁄ -3.968⁄ 1.343⁄ -0.442⁄ 0.265⁄ 0.224
(0.171) (0.172) (0.931) (0.219) (0.107) (0.068) (0.182)

1933:12 0.120 0.876⁄ -4.615⁄ 1.325⁄ -0.416⁄ 0.243⁄ 0.242
(0.173) (0.175) (0.143) (0.212) (0.096) (0.067) (0.191)

This table contains estimated parameter values for the ARAR-ARCH-ANN forecasting model in
Table 2. The discount rate employed in the formation of y is the interest rate on riskfree debt
plus a constant equity premium, as explained in Appendix 1. Although the model is reestimated
every month, only parameter estimates from December in odd numbered years are reported due
to space constraints. Throughout the table, ⁄ denotes statistical significance at 5 percent.

The multiplicative combination of increased dividend growth per-
sistence, and increased weight being placed on this persistence, leads
to superpersistence in the evolution of forecast simulation ytCis dur-
ing the late 1920s; a superpersistence we call the “Roaring ’20s Effect.”
Indeed, the emergence of this superpersistence in y ’s evolution sug-
gests that late 1920s investors could have rationally believed that any
changes in dividend behavior would have a more lasting effect on
future dividends than had previously been the case. In other words,
when the news about dividend growth (i.e., yt ) was good, late 1920s
investors would be much more optimistic than their early 1920s coun-
terparts. Similarly, when dividend news was bad, the behavior of the
dividend data suggests that late 1920s investors would fundamentally
be more pessimistic than their early 1920s counterparts. Changes in

371



The Review of Financial Studies / v 9 n 2 1996

dividend growth that had produced only small price responses in the
early 1920s would therefore fundamentally lead to much larger price
responses in the late 1920s and early 1930s.

Along with all of the specification and modeling factors discussed
earlier in this section, recognition of the Roaring ’20s Effect goes a
long way toward explaining the market price boom and crash. To
again quote White (1990:72), price-dividend plots such as Figure 3
“reveal the remarkable change that overtook the stock market [dur-
ing the late 1920s]. From 1922 to 1927 dividends and prices moved
together, but while dividends continued to grow rather smoothly in
1928 and 1929, stock prices soared far above them.” While, to the
naked eye, this 1927 switch in behavior may appear to imply a sudden
bubble of overoptimism, our more thorough analysis offers a funda-
mental data-driven explanation. In particular, our results suggest that
the relationship between prices and dividends changed during the
late 1920s because the time-series behavior of discounted dividend
growth changed. Indeed, our findings imply that, while an investor
living in 1920 might view a sudden change in discounted dividend
growth as a predominantly temporary shock, an investor living in the
late 1920s would be more easily persuaded to view a sudden increase
in y as the harbinger of persistently increasing prosperity. This finding
is consistent with claims made by economic historians that investors
living in the roaring ’20s believed they had entered a new age of peace
and prosperity and therefore viewed economic events with unfettered
optimism. Our results reveal that, while expost dividend realizations
were less than expected, the 1920s optimism may have been ratio-
nal at the time, given the observed behavior of discounted dividend
growth.

3.4 The effect of various discount rate assumptions
In the preceding sections we have focused primarily on results ob-
tained with the discount rate—that is, rt in yt D .1 C gt /=.1 C rt /—
defined as the real return on high-grade short-term debt plus a con-
stant equity premium, as in Figure 7. We now investigate why our
model, with rt defined as a constant discount rate, as in Figure 5,
peaks a little later than the bond yield-r fundamental in Figure 7, and
why defining .1 C rt / as a consumption-based discount rate, as in
Figure 6, yields a fundamental price that peaks later still.

The time-series behavior of the constant-r and consumption-r yt

series are in general very similar to the behavior of the bond yield-r
yt series plotted in Figure 15, as can be inferred from the statistics
in Table 1. Indeed, the main reason we did not plot all three series
in Figure 15 is that the scale of the figure is not fine enough for the
naked eye to adequately distinguish one series from the other. How-
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by the plain line in Figures 16 and 17. Looking at Figure 17, we see
that the denominator of consumption-r yt , and thus the consump-
tion ratio Ct=Ct¡1, had already started to decline by the beginning
of 1929 and kept falling until the middle of 1932. This decline in
yt ’s denominator retarded yt ’s descent from 1929 to 1932, as is evi-
denced by the fact that the plain consumption-r line in Figure 16 falls
more slowly than any other yt line over this period. This slower fall
in the consumption-r yt causes our autoregressive forecasting model
to produce a slowly falling forecasted y series, which in turn pro-
duces a consumption-r dividend multiplier that falls more slowly than
the constant-r multiplier. Since dividends were still rising through
early 1930, the consumption-r yt ’s slow decline explains why the
consumption-based fundamental in Figure 6 peaks 20 points too high
and 7 months late.

Finally, consider the bond yield-r case represented by the line join-
ing stars in Figures 16 and 17. This fundamental fits market prices more
closely than our other models in part because, as seen in Figure 16,
the bond yield-r yt falls farther and faster than any other y series. The
bond yield yt also rises farther and faster in 1933, which explains why
the bond yield-r fundamental in Figure 7 mimics the market recov-
ery more closely than the other fundamentals in 1933. The reason for
the bond yield-r fundamental price’s superior performance, relative
to the constant-r and consumption-r fundamental series, is evident in
Figure 17. From Figure 17 we see that the bond yield-r’s denomina-
tor for yt rises through the crash of 1929 to peak in late 1930, thus
magnifgr p2
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the data necessary to reject bubbles, one must employ a time-series
model for discounted dividend growth, yt , that does not fail standard
specification tests, including tests for uncaptured variance effects and
nonlinearity. In particular, we have shown that failure to account for
ARCH and ANN effects in the data yields a fundamental price that can
fail to reject bubbles. Third, we have seen in Section 3.3 that, to cap-
ture subtle changes in the way the market interprets movements in the
data, model parameters—including variance effects—must be contin-
uously updated to include the most current information available to
investors. Specifically, we have shown the importance of accounting
for what might be called the “Roaring ’20s Effect” as dividend growth
becomes more persistent and accurately forecastable with the pro-
gression of time. Finally, we have seen in Section 3.4 that our ability
to fit the exact timing of the peak depends in part on the discount
rate assumption we employ. We favor the bond yield-r assumption
because, as explained at the beginning of Section 2, this particular
specification allows us to work with ratios of nominal discount and
growth rates directly and thus removes a possible source of measure-
ment error in the price index used to form inflation. However, even
with a constant-r or consumption-r convention, it seems difficult to
claim that there was a bubble in the 1929 stock market.

4. Concluding Remarks

In this article we have introduced a new procedure for estimating
fundamental stock prices as the present value of expected future cash
flows. Our procedure differs from those currently employed in two
key respects. First, instead of focusing on dividend levels or dividend
growth alone, we chose the discounted dividend growth rate series yt

as our object of interest. Second, instead of assuming that dividends
grow at a constant rate from each forecasting date into the future, we
use more flexible time-series techniques and Monte Carlo simulation
to forecast future dividend paths conditional on information available
to investors at the time stock prices were actually being set in the
market. In particular, the model specifications and parameter estimates
we employ in our forecasting exercise are determined using only in-
sample data and not by mining or snooping the out-of-sample data
to find models that make sense expost. However, we do undertake a
rather thorough search and conduct several diagnostic tests to ensure
that our forecasting models contain the many elements required to be
well specified in-sample.

To examine the potential of our new procedure, we have studied
the relationship between market prices and estimated fundamentals
during the Great Stock Market Crash of 1929. The traditional quantita-
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tive evidence in support of the “conventional wisdom” that the 1920s
stock market contained a bubble relies on the observations that divi-
dends grew more slowly than prices during the late 1920s and that the
expost warranted price, based on realizations of post-1929 dividends,
does not share the spectacular rise and fall in actual prices. However,
we have argued that restrictions on the behavior of dividends and
dividend growth that are necessary to obtain the expost or Gordon
prices as “fundamental” expectations of future dividends, conditional
only on information available to investors before the boom and crash,
are not consistent with the pre–boom and crash dividend data. Thus,
tests of the present value model based on expost warranted and Gor-
don prices do not provide reliable evidence of a bubble in 1920s
stock prices. They simply reveal misspecifications in the traditional
fundamentals generating procedures employed.

Conversely, we have shown that our more general ARAR-ARCH-
ANN models of the discounted dividend growth process do capture
key features of the discounted dividend growth data, including a time-
varying mean and variance and important nonlinear effects. Using our
models, and only data on dividends, bond yields, and consumption
available to investors at the time prices were actually being determined
in the market, we have produced fundamental prices that match the
magnitude and timing of the boom and crash in 1929 stock prices. Sta-
tistical tests confirm that our fundamental prices also share important
time-series properties with actual prices and reject the hypothesis that
market prices contain a bubble. We therefore conclude that, given the
information available to investors living in the early 1920s, dividends
may well have been expected to increase by enough to warrant the
observed rise in market prices and that, as new information arrived in
the late 1920s, expectations of future dividends were revised down-
ward resulting in the observed crash in prices. Thus, although we can
never be sure exactly what market participants expected in the way
of future dividends, it does appear that there is at least one reason-
able fundamental explanation for the boom and crash in 1920s stock
prices.

Our investigation of this single historical episode, the crash of 1929,
has an important implication for the usefulness of present value re-
lationships in studying the behavior of asset prices in general. As
stated in the introduction, the boom and crash in 1920s stock prices
is often used as an extreme example of the failure of the traditional
bubble-free present value model. However, our analysis rejects the
“conventional wisdom” and instead reveals that there is indeed a fun-
damental explanation for at least this one event. Our results therefore
weaken the case for bubbles in general and suggest that a very cau-
tious and thorough investigation of the data should be undertaken
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before labeling even the most spectacular gyration in market prices
as an event at odds with the standard present value model.

Finally, recall from our discussion in Section 2.1 that to forecast
future discounted dividend growth we have used in this study only
information on past discounted dividend growth. In particular, we
have not used past market prices to forecast future dividends for fear
that, if there truly was a bubble in the market price, then we could
have inadvertently imputed a bubble into our dividend fundamen-
tals via past market price information and thus erroneously failed to
reject the bubble hypothesis. Given that we have demonstrated an ab-
sence of bubbles with a forecasting information set that excludes past
market prices, however, it now seems safer to include a much wider
variety of information—such as past market prices, earnings, macro
factors, etc.—in the forecasting information sets employed in future
applications of our procedure. Indeed, the use of larger information
sets in the application of our procedure to a more extensive analysis
of present value relationships is the subject of ongoing research.

Appendix 1: Data

All monthly data are collected from 1899:01 to 1934:12. The years 1899
and 1934 are used for lead/lag purposes so that all monthly data used
in estimations are from 1900:01 to 1933:12. The following series are
employed.

Stock Prices: S&P500 stock price index monthly from Cowles (1939)
series P1.

Producer Prices/Inflation: Monthly producer price index from
Macaulay (1938). As one would expect, this series contains a strong
seasonal pattern at monthly and quarterly frequencies and also ex-
hibits occasional spikes caused by sudden and often temporary shocks
to the index’s component factors. To account for these features, we
first deseasonalize the data with the standard X11 procedure and then
smooth out the remaining transitory spikes using a standard spline
function. Inflation rates from the resulting monthly prices q are cal-
culated as …t D .qt ¡ qt¡1/=qt¡1.

Interest Rates: For calculations based on a constant discount rate,
we use an annual constant real rate of 8.3 percent, which equals the
average annual real return on stocks from 1871 to 1988 [data from
Shiller (1989)]. The monthly constant real discount rate is therefore
r D 1:0831=12¡1 D 0:0067. When discounting cash flows at a variable
riskless rate plus constant risk premium, we use as our riskless return
the rate on 4 to 6 month prime commercial paper from Macaulay
(1938), filtered using the procedure described above for producer
prices. The monthly nominal riskless interest rate, R , is calculated from
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the annual rate, Ra, as R D .1CRa/
1=12¡1 and the monthly real interest

rate is calculated as r D .R ¡ …/=.1 C …/. To this we add a constant
real monthly risk premium of 0.0040. This is the monthly equivalent of
a 4.9 percent real annual premium, which is the average real annual
premium of stocks over prime commercial paper between 1871 and
1988 calculated with annual data from Shiller (1989). Calculations are
performed using Shiller’s numbers on the S&P 500 (series 1), S&P
500 dividends (series 2), riskless interest rate (series 4), and producer
prices (series 5). The monthly risk premium ‰ is then calculated from
the annual numbers as ‰ D .1C ‰a/

1=12 ¡ 1. Our annual premium of
4.9 percent differs from the 6 percent reported by Mehra and Prescott
(1985) because of the different time periods studied (they used 1899
to 1978) and because they used a consumption deflator instead of
producer prices. We use producer prices because the consumption
deflator is not available on a monthly basis.

Dividends: Monthly dividends on the S&P 500 index are obtained
jointly from series C 1, stock prices including cash dividends, and P 1,
stock prices, from Cowles (1939) as Dt D .P 1

t C 1
tC1=C 1

t /¡ P 1
tC1. Since,

like producer prices and interest rates, dividends are seasonal and
spiked, we also filter dividends with the procedure outlined above
for prices and interest rates. To make sure that our filtering process
has not destroyed important properties of the data, we calculated an-
nual dividends from both the raw and filtered monthly series, where
the annual dividend is the compounded sum of the dividends from
January to December of each year. (This is equivalent to a single De-
cember lump payment; i.e. Dannual D

P12
iD1.5

i
jD1[1Crj ]¡[ j¡1]/Di .) The

average difference between the two annualized dividend series is a
miniscule $0.0006, on an average $3.98 annual dividend (or about

1
6500 of the dividend amount), and displays no strong time-series pat-
tern. We found even less of a difference between the raw and filtered
interest rate and producer price series. This leads us to conclude that
our filter has not destroyed important properties of the data as they
pertain to our calculations of fundamental stock prices.

Consumption: Consumption is not available monthly for our time
period, but is available on a quarterly basis from 1919 onward in Balke
and Gordon (1986). However, industrial production [from Miron and
Romer (1990)] and dividends (see above) are both available monthly
over our entire 1899 to 1934 time period and, according to models
such as Lucas (1978), are both at least theoretical proxies for con-
sumption. We therefore formed a consumption proxy in the follow-
ing manner. First, we deseasonalized quarterly real consumption, in
the manner described above for prices, and formed the quarterly ra-
tio Ct=Ct¡3, which we then cube-rooted and placed in each month
for the applicable quarter from 1919 to 1934. We then regressed this
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consumption ratio series on the monthly real dividend ratio and real
production ratio for 1919 to 1934 to obtain a monthly functional rela-
tionship between consumption, dividends, and production. We then
used this estimated functional relationship, along with dividend and
production data, to obtain a monthly consumption ratio proxy for
each month from 1899 to 1934.

Appendix 2: Technical Details

Monte Carlo Simulation
First, all parameter values in Equations (6) through (13) are estimated
on the 240 monthly observations from 1900:01 to 1919:12. Each of the
240 resulting in-sample ut¡i residuals (i D 1; : : : ; 240) from Equation
(10) are then divided by the corresponding date t¡i estimate of

p
ht¡i

(i D 1; : : : ; 240) from Equation (12) to produce a time series of 240
i.i.d. ·t¡i (i D 1; : : : ; 240) innovations (e.g., ut¡1 is divided by

p
ht¡1

to produce ·t¡1, ut¡2 is divided by
p

ht¡2 to produce ·t¡2, and so
forth). These 240 ·t¡i standardized residuals form the pool of i.i.d.
innovations used in subsequent Monte Carlo work.

Second, we use in-sample information from 1900:01 to 1919:12 to
obtain an out-of-sample forecast for ht in Equation (12). Third, we
randomly draw from our i.i.d. · pool a value for the ·t Monte Carlo
innovation and then multiply this random ·t by our forecasted

p
ht

to obtain a bootstrapped ut . We then insert this bootstrapped ut into
Equation (10) along with past values of †t¡i to produce a simulated
†t . Values for zt¡i are then obtained from Equation (8) using past yt¡i ,
inserted into Equation (7) to obtain 9.¢/, which is then inserted into
Equation (6) along with the simulated †t and past values of yt¡i to
produce a simulated value for yt . This simulated yt becomes the first
element inside the parentheses in Equation (3).

Fourth, we update by one period steps 2 and 3 above (but not
step 1) to create a simulated value for ytC1, †tC1, utC1, and htC1 using
the just-simulated values for yt , †t , ut , and ht , a randomly drawn ·t ,
and actual data for variables dated t ¡ 1 and earlier (note that we
still use actual data from before period t only). The simulated ytC1

is then multiplied by the simulated yt to form the second element in
the parentheses in Equation (3). We continue to roll out simulated
values for ytC2; ytC3; ytC4, and so forth, using steps two and three and
actual data from before period t , until the product of the forecasted ys
falls below 0.00001. (Since forecasted—and actual—ys usually assume
values that are on average just under one, this convergence criterion
typically involves simulating y out for from 5,000 to 10,000 periods;
that is, roughly 400 to 800 years into the future.) Fifth, we calculate
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the sum of the progressive product of the simulated ys to obtain a
simulated estimate of the parenthesized term on the right-hand side of
Equation (3). This ends our first loop through the simulation process.

Step 6 involves repeating the entire simulation/roll-out procedure
described in steps 2 through 5 for a new series of randomly drawn
·s. This second trip through the simulation loop yields a second esti-
mate of the parenthesized term on the right-hand side of Equation (3).
This loop is repeated until 10,000 simulated estimates of the paren-
thesized term on the right-hand side of Equation (3) are obtained for
the data and parameter estimates from 1919:12. In step seven we then
take the average of our 10,000 simulated sums of products of ys to
yield E1919:12f¢g in Equation (3). This average is finally multiplied by
the dividend from 1919:12 to yield our fundamental price for 1920:1,
PF

1920:1.
We then update our information set in rolling window fashion so

that the 240 observations ending in 1920:1, and the entire simulation
procedure from steps 1 through 7, are used to obtain a fundamental
price for 1920:2. Subsequent fundamental prices are produced in the
same updated forecast simulation fashion until the entire fundamental
price series for 1920 to 1933 is completed.

Model Selection
Our exact model selection routine is as follows. Note from the grid
specified in Equation (13) that the system [Equations (6) through (13)]
contains 37 D 2187 possible specifications. On the presample data
for 1900 to 1919, we estimated for the constant-r , consumption-r ,
and bond yield-r y processes candidate specifications. Specification
tests, such as heteroskedasticity-robust tests for residual autocorrela-
tion and LM tests for uncaptured ARCH, were then conducted and all
specifications that did not pass these tests were discarded. The remain-
ing models were then ranked according to their ability to minimize
the Schwarz model selection criterion. Of all well-specified models,
the five specifications that produced the best Schwarz criterion val-
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