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Abstract
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1. Introduction

The University of Chicago Center for Security Prices [CRSP] database of
U.S. stock prices is widely used in financial economics to address fundamental
questions about the risk and return to equity investment. The CRSP data begins
in 1926, shortly before the Great Crash. Prior to the current paper, no broad
pre-CRSP database of U.S. security prices has ever been available — with the
exception of the data assembled by Alfred Cowles to construct his famous
indices of U.S. stock prices from 1871 to 1937. Unfortunately the Cowles data,
said to have been one of the earliest uses of Hollerith cards for financial research
were lost.!

In this paper, we collect individual stock prices on NYSE stocks over the
period 1815 to 1925 and individual dividend data over the period 1825 to 1870.
We use monthly price and dividend information on more than 600 individual
securities over most of the 19th century and the first quarter of the 20th century
to estimate a stock price index and total return series that extends virtually to
the beginning of the New York Stock Exchange. Our hope is that this new
database will allow future researchers to test a broad range of hypotheses about
the U.S. capital markets in a rich, untouched sample. In addition we hope that
the long times series we created will lead to a better understanding of how the
NYSE evolved from an emerging market at the turn of the 18th century to the
largest capital market in the world today. In the current paper, we consider just
a few hypotheses of interest, however, we intend to make the data available
electronically to other researchers to address interests of their own.

Much recent research has focused on the very long-term performance of
equity markets.” Studies of markets over the span of the twentieth century, and
even longer, give some measure of the historical equity premium, and studies of
the long-horizon predictability of stock returns by necessity require long time
series. For U.S. studies extending back to 1926, high quality United States
financial data on individual securities are available from CRSP. For the period
1871 to 1926, researchers are able to use the Cowles (1939) indices, with
corrections by Wilson and Jones (1987, 2000). For researchers interested in the
dynamics of the U.S. capital markets over earlier decades, it has been necessary
to rely upon indices of uneven quality. Goetzmann (1993), Schwert (1990) and
Siegel (1992) note many of the problems with U.S. stock indices extending back
to 1802. All are spliced from several sources such as Burgess (1932), Cole and

! See Peter Bernstein, 1992, Capital Ideas, p. 31.

2See for example, Boudoukh and Richardson (1992), Campbell and Shiller (1988), Fama and
French (1988a, b), Fisher and Lorie (1968), Goetzmann (1993), Ibbotson and Brinson (1993),
Ibbotson and Sinquefield (1976), Shiller (1989), Schwert (1990) Siegel (1992) and Wilson and Jones
(1987). Other uses of long-term stock market indices are legion.
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Frickey (1928), the Cleveland Trust Company Indices, Macauley (1938), Mat-
thews (1926) and Cole and Smith (1935). None of these are broad-based, and
most of them effectively condition upon the continuity of price records and
non-quantifiable features such as representativeness. Even the Cowles indices,
despite being carefully constructed in many ways, are based upon the average
of high and low stock prices through the month, rather than month-end
transactions.

The ultimate goal of our project is to assemble a CRSP-like database for the
New York Stock Exchange, over the period prior to 1926, when CRSP begins.
This goal is now largely complete for stock prices and partially complete for
dividends. In our efforts to create a complete database, we have encountered
a number of methodological challenges caused by the infrequent trading of
securities and the lack of an official dividend record. Past efforts to create NYSE
price indices from primary data for the early period typically relied upon
frequently traded securities or securities for which long, unbroken price se-
quences were available. The selection bias in conditioning on continuity is well
known, but not easily addressed econometrically. By collecting all available
NYSE data from official records to the mid-19th century, and all available prices
in financial periodicals to 1925, we hope to alleviate concerns about selection
bias, and to provide a database for widespread future research.

We use this data to address some issues of long-standing interest to empirical
research. First, we estimate the stability of long-term measures of risk and return
for the U.S. stock market. In particular, we measure the equity premium for the
NYSE index over the century preceding CRSP. We find that the risk and return
of the U.S. market before 1926 are relatively different from the post-1926 data
- the price-weighted NYSE index grew at a geometric monthly average of
0.10% from 1815 to 1925, compared to 0.54% for the S&P from 1926 through
1999. Fig. 1 shows the capital appreciation index of a dollar invested in the
NYSE from 1815. Under certain assumptions about dividend payments detailed
below, we calculate total returns using our capital appreciation index to 1871,
our dividend series from 1825 to 1870 and Cowles’ dividends to 1925.

Next, we examine the predictability of long-horizon returns using both past
returns and dividend yields. Using bootstrap methods to estimate standard
errors, we find the evidence for predictability using either measure is marginal
over the entire span. Finally, we examine the extent to which the volatility of the
U.S. market is time-varying, using GARCH estimation. We find that positive
shocks and negative shocks have different predictability for future volatility.
Specifically, negative shocks tend to introduce more volatility than positive
shocks.

The paper is organized as follows. Section 2 describes the data sources and
our collection methods. Section 3 explains the methodology used for price index
estimation. Section 4 summarizes what the data tell us about the risk and return
of the NYSE over the long term. Section 5 reports evidence on the long-horizon
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Fig. 1. Monthly capital appreciation index 1/1815-12/1999.

predictability of returns. Section 6 reports evidence on the time variation in
volatility. Section 7 concludes.

2. Data sources and collection methods
2.1. Share prices

We hand-collected all end of month equity prices for companies listed on the
New York Stock Exchange from three different journals published over the
period January, 1815 to December, 1870. From 1871 through 1925, we collected
end-of-month prices for NYSE stocks from the major New York newspapers.
The New York Shipping List, later called The New York Shipping and Commercial,
is our principal source up to 1855. It was a current price list for a broad range of
commodities shipped through the port of New York. It quoted bid and ask
prices, as well as transaction prices with share quantity two times per week from
1815 through the mid 1850s, for securities traded on the New York Stock
Exchange. During much of this period, the periodical had rights to publish the
official price list as established in the resolutions of the New York Stock
Exchange Board minutes of November 29, 1817. Apparently, both stocks and
bonds were quoted in The New York Shipping List, and equity prices and
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transactions were denominated in shares, while bond prices and transactions
were denominated in dollars of face value. In the mid-1850s the official
NYS&EB price list designation disappeared from the stock market quotes, and
The New York Shipping List reported prices for fewer and fewer stocks. Thus, for
the period 1855 through 1925, we collected price quotes from The New York
Herald and The New York Times. While neither of these claimed to be the official
list for the NYSE, the number of securities quoted by each far exceeded the
number quoted by The New York Shipping List. We hand collected prices from
bound volumes of The New York Shipping List in the Yale Beinecke Rare Book
Library, and from microfiche copies of the Herald and the Times. The month-end
prices were obtained by searching the end-of-month issues for the last tran-
saction price for each stock that month. When no transaction took place in the
last week, the latest bid and ask prices were averaged. In total, we collected at
least two prices from 664 companies. From a low number of 8§ firms in 1815, the
number of firms in the index reached a high point in the May 1883 with 114
listed firms. The fact that the number of firms concurrently listed peaked at
under 120, while the total number of firms in the database exceeded 600
indicates that, not only did firms appear during the sample period, they also
disappeared.

For the period up to the mid-1850s, The New York Shipping List regularly and
repeatedly listed a set of securities, even when there was no bid, ask or transac-
tion in the period. Apart from the claim to publishing the official NYSE list, this
suggests that it represented a fairly comprehensive list of NYSE securities, not
simply those stocks that happened to have traded. After the mid-fifties, the
coverage of the sources is less clear, however the securities covered in the Herald
and the Times corresponded closely, suggesting that we obtained a broad, if
unofficial sample in the later years.

There are several categories of equity shares. The first, and the largest
category is common stock. In addition, shares were listed as “old”, “new”,
“preferred” and as scrip. Shares listed as “old” traded concurrently with shares
of the same name, and thus we assume that “old” and “new” represent different
classes of stock for the same corporation. The new shares are presumably
a second issue. Preferred likely meant what it means today. Scrip represented
certificates that were not fully paid in subscriptions for shares — convertible into
shares at a future date when fully paid-in but receiving no dividends until
conversion. All share types are included in our index.

There are a few missing months in our data that create gaps in the analysis.
Some of these are institutional. As is well known, the NYSE was closed from
July 1914 to December 1914 due to the war. We also have additional gaps. We
are missing returns for 1822, part of 1848 and 1849, parts of 1866, all of 1867 and
January 1868. We do not know whether the late 1860’s missing records are due
to the Civil War, but the NYSE was certainly open at that time — among other
things, it was the era of heated speculation and stock price manipulation by
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legendary financiers Gould, Fisk and Drew. We hope further data collection will
fill in these missing records. The number of available security records after 1871
was lower than immediately before that year. This probably does not indicate
a decrease in the number of listed securities, only a change in the range of
coverage by the financial press.

When possible, companies were categorized by industry. In 1815, the index
was about evenly split between banks and insurance companies. By the 1850s
however, banks, transportation firms (primarily canals and railroads) and insur-
ance companies were all about equally common. By the end of the sample
period, insurance, bank, mining and utility companies had nearly disappeared
from the price lists, so that transport companies and other industrials made up
almost all the index.

One interesting feature of the data is that prices for much of the period
remained around 100, as can be seen by Fig. 2. Text discussions of price
fluctuations suggest that 100 was the typical par value of shares. Dividends were
quoted as a percent of par. We found no reports of stock splits over the period of
data, and a single notice of a stock dividend (the railroad Auburn and Syracuse
declared a stock dividend of 50% on 10-1-48). Although other such splits were
possible, we found no suspicious 50% price drops in the monthly data up to
1848, which might imply a stock split. The distribution of stock prices in the
sample is dramatically skewed left with only a tiny fraction of stocks trading
above 150% of par value. The mode of the distribution is at $110 with
a secondary mode in the $10 to $20 range. The distribution suggests that
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Fig. 2. Distribution of raw stock prices over 1815-1925.
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management maintained an upper bound on stock prices by paying dividends
when prices rose. This policy may have something to do with the tax treatment
of dividends. For virtually the entire period of this sample, capital gains and
dividends were treated equally for tax purposes.

2.2. Dividends

We collected dividend data for the period 1825-1870 by identifying the
semi-annual dividend announcements for equity securities as reported in The
New York Commercial, The Banker’s Magazine, The New York Times and The New
York Herald. Since we do not know whether these journals always reported
dividends for all NYSE stocks, we do not know whether exclusions of dividends
meant that they were not paid, or whether we failed to find them. We were able
to find dividend records for more than 500 stocks in our sample, although the
number of stocks for which were have an unbroken series of semi-annual
dividend observations is small. We found that most stocks paid dividends
semi-annually. Thus, when we found two dividend payments per year, we
presumed that the dividend record was complete. In addition, some firms paid
extraordinary dividends. These were occasionally identified as a “surplus”
dividend, and added to the last regular dividend of the year. Other times it was
paid separately. Despite the limitations of our sample, there is no other we are
aware of that is as comprehensive. The most widely cited study of 19th century
dividends is Anna Schwartz’ (1960) survey of dividend payments at multiple-
year intervals.

By gathering dividend information on a wide range of companies, we are able
to infer something about the total return to equity investors over the period and
differences in this return across industries. In addition, we find some interesting
features of dividend payouts in the nineteenth century that make it difficult to
generalize occasional dividend observations into a consistent time series. For
example, liquidating dividends were not uncommon. The highest dividends in
our sample were attributed to “winding up” or “final” dividends, indicating the
closure of the company. Many, but not all of these final dividends were paid to
“receivers” or “creditors” implying that the company was in receivership. This
receivership may not have been due to the failure of the corporation, but merely
to the loss of its charter. For instance, a notice in the August 1, 1852 issue of the
New York Commercial records that “The Trustees of the City Bank (the charter of
which has expired...have declared a dividend of 10% out of surplus finds, the
capital stock having been previously refunded.” That same year, the December
1, 1852 issue notes that “Charters for the City and Butchers and Drovers Bank
expire. Business to continue under association of the same name”. Thus, large
occasional dividends recorded in our sources typically represent terminal pay-
ments to shareholders. The latter case is particularly troublesome for calculation
of statistics of interest, since it implies a dividend yield (i.e. D,/P,) of infinity. We
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found 33 dividend payments noted as a final dividend, or payment to receivers
or creditors.

2.3. Low dividend return estimate

In order to estimate a lower bound on the income return for each year, we
sum all the dividends paid in a given year by firms whose prices were observed in
preceding year, then divide by the sum of the last available in preceding year
prices for those firms. From year 1825 to 1870, numbers of firms that have price
data for the preceding year range from 28 for year 1849 to 162 for year 1854. On
average, there are about 76 firms that have price data for each year. The
percentage of them that paid dividends ranges from 21.7% for year 1855 to
52.4% for year 1833. The average of the percentage is 41.2%. Counting only the
dividends we found and assuming zero otherwise gives an average of 3.77%
income return per year over the period 1825 through 1870 - lower than the 1926
- 1999 average of 4.45%. This almost certainly provides a lower bound on the
estimate of the income return for the index since we may not have found all
dividends for all firms that pay them. It is about 100 basis points lower than the
estimate of income returns in Schwert (1990).

2.4. High dividend return estimate

Another approach is to restrict our attention to firms which we know to pay
regular dividends,® and for which we have price data. Using this approach, we
find the dividend yields to be high, by modern standards. Most yields were
between 9% and 11% during the period. This was in a period when high quality
corporate bond yields average 5% to 7% (see Homer and Sylla, 1992). Even
considering the selection bias that may have led us to collect only dividends
from high-yield equity securities, this discrepancy between equity yields and
bond yields over the course of a decade in our sample period suggests that
dividend policy was quite different in the 19th century than it was in the 20th
century. The high yields and the fact that many stocks traded near par suggest
that most companies paid out a large share of their profits, rather than retaining
them. In fact, when we look at the time distribution of dividend changes over
this period, we find that dividend decreases were only slightly less common than
increases, suggesting that managers may have been less averse to cutting the
dividend than they are today. Perhaps in the pre-income tax environment of the
19th century, investors had a preference for income returns, as opposed to
capital appreciation. Whether this pattern characterizes the entirety of the 19th
century is a question for future research. The implications of the existence of

3 We restrict the sample to firms that have two years of dividend payments (four semi-annual
dividends), and for which we have a price observation.
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high NYSE dividends for certain stocks suggests that the dividend process has
evolved over the past two centuries, and that assumptions based upon projec-
ting current dividend policy into the past may not be correct. This trend is
potentially relevant to current research on the U.S. market. Fama and French
(1998) document a recent twenty-year trend in propensity of stocks not to pay
dividends. This recent trend may be part of a two-century evolution in the
nature of equities.

3. Estimation methodology

A major difficulty with using indices spliced from historical sources is a lack of
certainty about the procedures used by researchers to construct indices. Another
major potential concern is the effect that bid-ask bounce might have on equal-
weighted return indices. Suppose an illiquid stock trades either at $1 or $2 per
share. When it goes from $1 to $2 it goes up 100%, while when it goes from $2 to
$1, it drops 50%. Equally weighting these returns can induce a substantial
upward bias.

Blume and Stambaugh (1983) and Canina et al. (1998) point out the extreme
effects that the micro-structure of returns may have on the calculation of
long-term means. Even though we are using monthly data, NYSE shares traded
much less frequently in the 19th century than they do today creating a serious
potential problem. Indeed, we have calculated an equal-weighted index of
returns for our sample, and report it in the appendix. It is obvious that the
magnitude of the bias is extraordinary.

The procedure we use for calculating our price-weighted index is simple. For
each month in our sample, we calculate monthly returns for all stocks that trade
in two consecutive periods. We weight these returns by the price at the begin-
ning of the two periods. The return of the price-weighted market index over
period ¢, /", is defined as

i i N i
Pt t—1 > i:1Pt

N N
= riewl) = LI i = LA
' ,';1(! t) z < 171 Zj'\;lpifl Zﬁ'\;lpgfl

i=1 t
Here r! represents the return of security i over the period t; w! represents the
weight of security i over the period ¢, which is equal to Pj_, /Y}_, P/_, since the
index is price-weighted. Notice that return of the price-weighted index closely
approximates return to a “buy and hold” portfolio over the period. Buy and
hold portfolios are not sensitive to bid-ask bounce bias.

There are many stocks in our data set that do not trade frequently. We only
compute the returns when we have two adjacent prices, in a similar manner as
CRSP. A common approach to indexing infrequently traded assets is the
repeat-sales regression (see, for example, Bailey et al., 1963, Goetzmann and
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Spiegel, 1995). Unfortunately, the repeat-sales regression estimates an equal-
weighted index. When all securities are infrequently traded, the bid-ask micro-
structure problems are not serious, but for the NYSE data in this paper, there
are enough frequently traded securities that even the repeat-sales regression will
be upwardly biased - although not nearly so much as the simple equal-weighted
index. We leave it for future researchers to find repeat sales methods that can
make use of all of the scattered prices in the index without biasing the results.

As we show below, the price-weighted index corresponds quite closely to the
Cowles value-weighted index over the period 1871-1925 — and does not suffer
from the well-known Working effect (Working, 1960) that induces autocorrela-
tion in monthly returns. This suggests the price-weighted index is likely to be
equally reliable over the pre-1870 period. Although there may be superior
econometric solutions to the problem, the price-weighted index does a fairly
good job.

4. Results of index estimation
4.1. Price indices

Table 1 shows summary statistics for the annual capital appreciation return
series for the whole period from 1815 to 1999 and breaks out the new data
period 1815 to 1870, the Cowles period 1871 to 1925, and the Ibbotson (2000)
data (based on Ibbotson and Sinquefield, 1976) from 1926 to 1999. Note that the
price-weighted index has an annual geometric capital appreciation return from
1815 through 1870 of 0.84% per year. This is dramatically lower than the 6.62%
annual growth experienced by the capital-weighted Ibbotson index of large U.S.
stocks over the period 1926 through 1999, and significantly different than the
rate of growth in the Cowles period, 1871 to 1925. Note that this is not simply
due to using a different methodology, since the price-weighted mean for the
Cowles period was only 0.14% per year less that the value estimated by Alfred
Cowles. It appears more likely that dividend policies evolved over the 185-year
period. In the early era, companies appear to have paid out earnings and kept
their stock prices lower. In the modern era, appreciation is accepted as a substi-
tute to dividend payments. Evidence on dividends will be discussed in more
detail in the next section.

The summary statistics for the monthly capital appreciation returns are
reported in Table 2. We compare these to the summary statistics for data
supplied by Schwert (1990) — the best pre-Cowles monthly U.S. index construc-
ted to date.* Schwert (1990) constructs a series of monthly stock portfolio

4Similar long-term series using the same sources are reported in Goetzmann (1993), Ibbotson
(1993) and Siegel (1992).
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Table 2
Monthly summary statistics for the price-weighted NYSE capital appreciation index and compari-
son indices

The Price-Weighted NYSE appreciation series is calculated by compounding the price-weighted
monthly NYSE index as described in the text. The Cowles Indices are the all-stock indices taken
from Cowles (1939). The Schwert Index is described in Schwert (1992) and downloadable from
William Schwert’s website. It is constructed from secondary sources with econometric improve-
ments by Schwert.

Date Series Geometric Arithmetic ~ Standard Autocorrelation
mean mean deviation

Monthly NYSE capital appreciation return series

2/1815-12/1925  Price-weighted  0.1032% 0.1858% 4.09% — 1.88%
2/1815-12/1925  Schwert 0.1313% 0.2130% 4.03% 7.38%
2/1815-1/1871 Price-weighted  0.0712% 0.1592% 4.24% —1.76%
2/1815-1/1871 Schwert 0.0933% 0.1701% 3.90% 10.02%
2/1871-12/1925  Price-weighted ~ 0.1358% 0.2128% 3.92% 5.13%
2/1871-12/1925  Schwert 0.1701% 0.2568% 4.16% 4.98%
2/1871-12/1925  Cowles 0.1567% 0.2094% 3.24% 28.80%

returns from 1802 to 1925 by splicing monthly data from different sources, such
as Cole and Smith (1935), Macaulay (1938), Cowles (1939), and Dow Jones
(1972). It includes bank stocks or bank and insurance stocks for 1802 to 1833,
bank, insurance and railroad stocks for 1834-1845, railroad stocks only
for 1846-1870, the Cowles portfolio for 1871-1885, and the Dow Jones
portfolio for 1885-1925. The index is equal-weighted from 1802 to1862, value-
weighted from 1863 to 1885, and price-weighted from March 1885 to the end of
1925. In contrast, our price index to 1925 is based on a single database that
contains stock prices of more than 600 stocks. It is representative of the range of
securities that comprised the NYSE over the period. Also, our index is price-
weighted for the whole period from 1815 to 1925. Note that our monthly
geometric price-weighted capital appreciation series is slightly lower than the
Schwert index over both the pre-Cowles and Cowles periods. This may be due to
the difference between price-weighting and equal-weighting.

It is useful to note that our monthly autocorrelation for the price-weighted
estimator over the Cowles period is 0.0513 compared to 0.2880 for the Cowles
index. This is due to Cowles’ use of the average of high and low prices in the
month and was first noted by Working (1960). Schwert (1990) econometrically
adjusts for the Working effect. Our index requires no adjusting, and appears to
have reasonable time-series properties. The Cowles period provides a useful
benchmark for evaluating the price-weighted index. Fig. 3 shows the monthly
price-weighted capital appreciation index and the Cowles capital appreciation
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Price-weighted NYSE Index 1/1871-12/1925 vs. Cowles Index 1/1871-12/1925

Fig. 3. Monthly capital appreciation index comparison.

index over the period 1871 through 1925. Our price-weighted index and the
Cowles track fairly closely through the period. In fact, their monthly correlation
is 0.95.

4.2. Income returns

Fig. 4 plots 175 years of annual income returns from 1825 through 1999.
Table 1 reports the summary statistics. As we note above, there is no way to
really tell what percentage of the dividends we found in our search of the
financial press. Thus the figure plots both a high dividend return and a low
dividend return series. Table 1 provides summary statistics for both. The low
income returns from the pre-Cowles period — the period for which we collected
dividends - is 3.77% per year - significantly lower than the 5.33% per year over
the Cowles period and slightly lower than Schwert’s (1990) estimate of 4.40%.
When we consider only the dividend paying stocks during that era, however, we
estimate much higher income returns — 9.27% per year. This higher income
return estimate is consistent with the practice of paying out profits to keep stock
prices in the early period trading near par values. The true dividend return to
a capital-weighted investment in all NYSE stocks in undoubtably somewhere in
between these two extremes.
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Fig. 4. Annual NYSE income returns in percent 1825-1999. For 1825-1870, low estimates assume
zero dividends for missing dividends, high estimates assume missing dividends are at same rate as
collected dividend yields. For 1871-1925, both low and high estimates of income returns are equal to
the Cowles income returns. For 1926-1999, the Ibbotson and Sinquefield income returns are given.

4.3. Total return

Using the low dividend series we conservatively estimate the lower bound on
the total return’ to a price-weighted investment in the NYSE over the 46-year
period from 1825 to 1870 as 4.72% with a standard deviation of 16.86% per
year. Using the Cowles income return series we estimate the return from 1871 to
1925 as 7.05% with a 16.04% annual standard deviation. Both of these values
are less that the total return to investment in the U.S. market since 1926 of
11.35%. If the high dividend estimate were correct, it would yield a total return
in the pre-Cowles period of 10.29%, closer to the post 1926 result, but quite
different from the total returns of the Cowles period.

5. Forecasting equity returns
Much empirical research in financial economics over the past two decades has

focused on the potential to forecast time-variation in the equity premium. For

5 We ignore the return of dividend reinvestment by assuming all dividends were paid in December.
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example, Fama and French (1988a, b) investigate evidence for mean reversion in
stock prices and the forecasting power of dividend yields in the U.S. market
since 1926 and find evidence suggesting that the market return can partially
predicted at longer horizons. Scholars since have examined the power of long-
horizon statistical tests, the effects of prior beliefs on the tests and the evidence in
non-U.S. markets for long-horizon predictability. Although a complete review
of the research would take pages, it is fair to say that evidence for mean reversion
in U.S. stock prices over the period 1926 to 1999 is marginal — bootstrapping
tests under a random walk null, for example typically cannot reject (cf. Richar-
dson, 1993), although the sign of the reversion coefficient is generally negative.
Because tests on short time series might simply be weak, Goetzmann (1993)
extends the analysis to earlier periods in the NYSE and the London Stock
Exchange using spliced price series and finds some long-horizon evidence of
persistence in the London market, and marginal evidence in U.S. markets.
Nevertheless, spliced data are a serious potential problem in that there are
regime shifts due to structural changes in index composition and methodologies
used by different researchers. The time-series of NYSE returns developed in this
paper allows us to for the first time to revisit the mean-reversion issue using
a time-series of returns to the U.S. market with well understood properties. In
this section, we perform some standard tests of the predictability of long-horizon
returns to show what these new data may tell us about long-standing problems
in empirical finance.

The predictive power of dividend yields noted by Fama and French (1988b) is
compelling, however the statistical issues involved in testing the forecasting
power of yields are subtle. Goetzmann and Jorion (1993, 1995), find that the
distribution of the test statistic in the presence of lagged dependent regressors
and survivorship is ill-behaved. They examine the evidence for the forecasting
power of dividend yields in the U.S. and U.K. markets over periods back to 1871
using bootstrap statistics and find the evidence is mixed. While not overwhelm-
ingly strong forecasters in the U.S., dividend yields had some forecasting power
during sub-periods in the U.K. Campbell and Shiller (1998) argue that the
Goetzmann and Jorion simulations are flawed in that they do not build in any
reversion of the dividend yield - effectively turning the yield into an unbounded
random walk that, when used as a dependent variable in a regression can be
expected to generate odd results. They perform a bootstrap using an autoregres-
sive specification on dividend yields estimated with U.S. annual data from 1871
through 1997. They then add a random-walk stock appreciation series with
statistical properties matching those of the real capital appreciation series and
transform yields to a artificial total return series. They find that yields at the
four-year horizon are significant predictors - in effect, the way the bootstrap is
done appears to make a big difference.

Recent work by Welch and Goyal (1999) suggests that the in-sample predic-
tive power of dividend yields is not matched by the power to predict out of



16 W.N. Goetzmann et al. | Journal of Financial Markets 4 (2001) 1-32

sample due to parameter instability. They document the erosion of the ability of
yields as predictors in the 1990’s. Wolf (2000) takes a different approach. He
notes that bootstrapping tests in general are ad hoc in that they eliminate many
of the actual time-series characteristics of the data, besides the predictability of
yields. He designs a sub-sampling test that largely eliminates this problem and
has attractive small-sample properties. Using post-1926 U.S. data, he finds only
marginal evidence of the predictability of yields.

In sum, there has been much recent work on the experimental design of
statistical tests of the significance of yield regressions, and it is clear that the
method of bootstrapping, the time-period of analysis and the analyst’s priors all
make a difference to inference. With the new dividend data we have collected
over the 1825-1870 period, it is actually possible to add a bit more data to the
debate.

5.1. Mean reversion

In our first test, we regress annual future long-horizon returns on past
long-horizon returns over a number of different intervals. Following Fama and
French (1988a) we use overlapping return observations and thus ¢-values and
R? are overstated. We rely upon the bootstrap for corrected significance levels
and explanatory power. Table 3 reports the results of these regressions, with
bold type and stars indicating coefficients lower than the 5% percentile of the
bootstrapped distributions.

Using capital appreciation returns only, we find no strong evidence of fore-
castability over the entire period at horizons of one through ten years, although
the coefficients for the four-year through seven-year horizons are negative,
consistent with the mean-reversion hypothesis. Using total returns from 1825
(based upon our Low Dividend estimates), we find the results slightly stronger.
The reversion coefficient at the 6-year horizon is an outlier with respect to the
bootstrapped distribution. Likewise, the 2-year reversion coefficient for the
period 1871-1825 is unusually low. At the bottom of the table, we report
bootstrapped median and Sth percentile values for the whole time period based
upon 1,000 bootstrapped simulations. Returns were independently drawn with
replacement from the actual 1825-1999 sample. Note the median is slightly
negative for all horizons and none of the coefficients in the test cross the 5%
percentile. Since small-sample properties of the coefficient distribution are
relevant, this bootstrap is useful only for the test over the entire period. Not
reported, but used for the sub-period hypothesis tests, are bootstrapped distri-
butions using data drawn only from the relevant sub-period.

The sub period analysis thus tells an interesting story. The 1825-1870 and the
1871-1925 data in fact indicate some evidence of mean reversion at different
horizons when compared to the bootstrapped distribution. It is only the 1926 to
1999 period that is weak and this affects inferences drawn over the entire period.
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There is no reason to presume that parameter values for mean reversion are
constant over the various sub-periods. Parameter instability, pointed out by
Welch and Goyal, may thus be relevant. There appears to be a strong difference
in the pattern of mean-reversion pre vs. post 1925. Survival may also be relevant
to the analysis. Brown, Goetzmann and Ross (1995) find that survival condition-
ing may affect estimate of mean reversion. Clearly the young NYSE stock
market was more subject to the danger of disappearance than the more mature
market post-1925.

In sum, the overall mean-reversion evidence is marginal, but it is occasionally
significant over sub-periods. The fact that it is not consistent over time simply
may simply mean the periodicity of reversion changes, making forecasts for the
U.S. market difficult.

5.2. Dividend yields

In Table 4, we report the regressions of annual multiple-year horizon returns
on past dividend yields. For the entire period 1825 through 1999, the coefficients
are positive for horizons over four years, although not significantly so. Uncor-
rected t-statistics for sub-periods 1871-1925 and 1926-1999 are of the magni-
tude of 2 to 4, however these values are consistent with 95th percentile
bootstrapped values for ¢-statistics over longer periods. For our bootstraps,
we sample appreciation returns by drawing from the distribution with replace-
ment, and reconstruct a dividend yield series and a total return series condi-
tional upon the actual income returns, using the low dividend series. The
dividend yield series we create by dividing the actual income return by the
bootstrapped appreciation return each period. The total return we construct by
summing the actual income return and the bootstrapped appreciation return
each period. The median and 95% quantiles of the bootstrapped distribution for
the entire time period are reported at the bottom of Table 4. Not reported are
the sub-period bootstrap distributions, but we use them for our p-values in the
table.

None of the coefficients in the full-period regressions exceed the bootstrapped
5% critical values - in fact they deviate little from the median bootstrapped
values. The sub-period evidence is more suggestive of possible forecasting power
when uncorrected t-statistics are used. However the bootstrapped critical 5%
values are a high threshold at longer horizons - uncorrected t-values exceeding
3 to 5 are expected 5% of the time. On the other hand, for virtually every
sub-period, the coefficients are positive and increasing in the investment horizon
as would be predicted by dividend forecasting models. Note that we used only
the low dividend series for our analysis. We did not use the high dividend series
because of the obvious structural change in the income returns displayed in
Fig. 4. Thus, our negative results may be in part due to incomplete or uneven
dividend data.
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6. Estimating time-varying volatility

Our long-term data allows us to investigate additional time-series character-
istics of equity returns of interest to research in financial economics. Schwert
(1989) analyzes the stock volatility using monthly data from 1857 to 1987. He
shows that aggregate financial leverage is correlated with stock return volatility.
He also demonstrates that stock return volatility is higher during economic
recessions than during expansions. While we do not have information about the
capital structure of the market over the early period, we are able to condition
upon past returns. Presumably, when stock prices drop, leverage increases in the
short-term. Using various stochastic volatility models, we investigate the pre-
dictability of conditional volatility of the monthly NYSE capital appreciation
conditional upon past positive and negative returns from February 1815 to
December 1925. We find that higher lagged return shocks and conditional
volatility cause higher volatility. At the same time, our results show that
negative return shocks cause higher volatility than positive shocks do, which
confirms the findings of Schwert (1989).

We obtain the unpredictable part of the capital appreciation returns through
a procedure similar to that of Pagan and Schwert (1990) and Engle and Ng
(1993). The procedure consists of a month-of-the-year effect adjustment and an
autoregression that removes the predictable part of the return series. We first
regress the monthly returns on month-of-the-year dummies and then use the
residuals in an autoregression. We use the residuals from this autoregression as
our unpredictable stock returns. It is interesting to notice that there is some
evidence of the January effect in our month-of-the-year regression. January has
the highest excess return, 1.05%, with a 1.8 t-statistic (corresponding to about
7% p. value). The lowest excess return appears in June, — 0.79%. The results of
the month-of-year adjustment are reported in Table 5.

Using the unpredictable stock returns, we estimate four different volatility
models. They are the standard GARCH, power GARCH (PGARCH), exponen-
tial GARCH (EGARCH) and threshold GARCH (TGARCH). The estimation is
performed via quasi-maximum likelihood methods using the BHHH numerical
optimization algorithm. We include leverage terms in all models to capture
possible asymmetric effects of positive and negative returns. For each model, we
estimate both (1, 1) and (1, 2) settings. However, the TGARCH (1, 2) estimation
does not converge.

In Table 6 we report the estimation results. The parameters corresponding to
the one-period lagged unpredictable return in all models, the constant term in
all models except PGARCH, the leverage term in all (1, 1) models are significant.
In sum, our results show that for NYSE monthly capital appreciation from
February 1815 to December 1925, higher lagged return shocks and conditional
volatility cause higher volatility. These results are also consistent with the
hypothesis that negative return shocks cause higher volatility than positive
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Table 6
GARCH estimation results

This table reports the estimation results of various predictable volatility models for the monthly
capital appreciation return of the NYSE from January 1815 to December 1925. Month-of-the-year
effects and a predictable component have been removed. The estimation is performed by the method
of quasi maximum likelihood using the BHHH numerical optimization algorithm. In the table, the
numbers in parentheses (.) are the asymptotic standard errors and the numbers in brackets [.] are the
t values.

62 is the conditional variance on month t and ¢, is the unpredictable return on month ¢t — 1.

GARCH(1, 1) specification
62 = 0.00119 + 0.25884(|e,— | — 0.14507¢,_;)* — 0.0392962_,

(0.00006) (0.03649) (0.06596)  (0.05164)
[1894] [7.09] [ —2.1994] [ —0.7609]

EGARCH(1,1) specification
le;—1] — 0.15383¢,_

Or—1

In(c?) = — 3.91869 + 0.38592- +0.44032-In(o2 ;)

(0.47535)  (0.04242) (0.07541)  (0.069334)
[ —8244] [9.0983] [ —2.039] [6.3508]

PGARCH(1,1) specification
6937 = 0.00127 + 0.2507(le,— ;| — 0.185¢,_1)*937 4+ 0.07175:%37

0.38579) (0.00167) (0.0363) (0.06696) (0.07026)
[502] [076] [691]1 [—276] [1.02]

TGARCH(1,1) specification
o2 =0.00122 + 0.19028¢2_; + 0.1396-S, ;&2 ; — 0.0415567_,

(0.00006) (0.04561) (0.06614) (0.04855)
[2004] [417] [211] [ —0.86]

Diagnostic Test Results

02 = 0.00119 + 0.25884(le|,_ ;| — 0.14507¢,_,)? — 0.0392952_,

GARCH(1, 1) EGARCH(I, 1) PGARCH(l, 1) TGARCH(1, 1)
AIC — 4632.491 — 4615.057 — 4623.691 — 4634.422
BIC — 4606.765 — 4589.331 —4592.82 — 4608.696
Jarque-Bera 40054 53561 44784 39224
Shapiro-Wilk 0.9215 0912 0.9187 0.922
Ljung-Box(12)* 20.13 19.53 20.29 20.09

Ljung-Box(12) 0.4525 0.4514 0.5233 0.4597
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Table 6 (continued)

GARCH(1, 2)
02 = 000112 + 0.24515(e,— 1| — 0.07792¢,_,)? — 0.2240562; + 0.2959852_,

(0.00007) (0.00316) (0.04582) (0.02875) (0.5588)
[16351 [777] [—170] [—7.79] [5.30]
PGARCH(1, 2)
0228994 = 0,00034 + 0.23186(¢, 1| — 0.06539%, _ )>28°9% — 0.14113¢2:289°% 1 0.2983752:259%%

(0.33031) (0.00042) (0.03719) (0.05012) (0.04331) (0.06048)
[693] [081] [523] [—130] [—326] [4.93]
TGARCH(1, 2)
02 = 000107 + 02092, + 0.0785-S,_ &2, — 0202502, — 0.078502 ,
(0.00007) (0.0421) (0.04644) (0.03085) (0.05935)
[14.53] [496] [1.69] [ —6.56] [4.79]

Diagnostic test results

GARCH(1, 2) PGARCH(1, 2) TGARCH(1, 2)
AIC —4631.306 —4623.172 —4629.897
BIC —4600.435 — 4587.156 — 4599.026
Jarque-Bera 40227 45248 41595
Shapiro-Wilk 0.9217 0.9188 0.9207
Ljung-Box(12)° 20.82 21.36 20.58
Ljung-Box(12) 0.6224 0.6113 0.6039

2Test for standardized residuals.
®Test for squared standardised residuals.
“Test for standardized residuals.
dTest for squared standardised residuals.

return shocks, which indicates that the so-called “good news” and “bad-news”
asymmetric impacts already existed in the early era of NYSE.

7. Conclusion

Our data collection efforts over the last ten years have yielded a comprehens-
ive database of NYSE security prices over nearly the entire history of the stock
exchange. While econometricians, including ourselves, have created indices of
stock returns over the 19th century, most have conditioned upon availability, or
used average of monthly high and low prices. No one has collected dividends for
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a broad sample of NYSE stocks over the 19th century. Our goal is to construct
a CRSP-like database of NYSE stocks for the entire history of the exchange.
The current paper reports on the fruits of our efforts thus far. In particular, we
construct a price-weighted index for the entire pre-CRSP era of the U.S. stock
market from 1815 to 1925. We find that it closely tracks the widely -used Cowles
index over the 1871 to 1925 period, however it does not suffer from the well
known bias in the monthly autocorrelation. We believe our index is fairly
representative of the behavior of NYSE securities over the early 19th century
indices as well.

Over our entire period (1815-1925), our price-weighted capital appreciation is
1.24% per year, which is substantially lower than the Ibbotson and Sinquefield
(1926-1999) capital appreciation of 6.62% annual geometric mean (com-
pounded) return. For the period in which we have dividends (1825-1925) our
low income annual return is 4.63%, and our high income annual return is
7.09%. Expressed as total returns, our low dividend price-weighted annualized
geometric mean return is 5.99%, and our high dividend price-weighted an-
nualized geometric mean return is 8.50%. This compares to the Ibbotson and
Sinquefield (1926-1999) annual income return of 4.45% and the total annual
geometric mean return of 11.35%.

Our investigation of the forecastablity of long-horizon stock returns using
past returns and dividend yields leaves us no closer to rejecting the null of no
predictability than researchers were ten years ago. Evidence over sub-periods
in the past is tantalizing, but reasonable bootstrap methods fail to clearly reject
the hypothesis of no predictability over the entire time period, despite some
sub-period evidence.

Our investigation of the conditional volatility of monthly NYSE capital
appreciation using various volatility models generally verifies earlier finding in
the literature that good news and bad news have different predictability for
future volatility. Specifically, all the models except PGARCH find that negative
shocks introduce more volatility than positive shocks.

Appendix A

The appendix reports the key annual series used in the paper. The columns
are self-explanatory. The method of index construction is described in the text.
The total number of securities indicated is the number of different securities that
comprised at least part of the monthly price-weighted average returns in
the index calculation for that year. Industrial classifications were based upon the
company names. Firms were included under Industrials unless otherwise
identifiable. These data are available for downloading in spreadsheet format at
the website of the International Center for Finance at the Yale School of
Management.
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