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FADS, MARTINGALES, AND MARKET EFFICIENCY*

BRUCE N. LEHMANN

Predictable variation in equity returns might reflect either (1) predictable
changes in expected returns or (2) market inefficiency and stock price “overreac-
tion.” These explanations can be distinguished by examining returns over short time
intervals since systematic changes in fundamental valuation over intervals like a
week should not occur in efficient markets. The evidence suggests that the “winners”
and “losers” one week experience sizeable return reversals the next week in a way
that reflects apparent arbitrage profits which persist after corrections for bid-ask
spreads and plausible transactions costs. This probably reflects inefficiency in the
market for liquidity around large price changes.

I. INTRODUCTION

Much of the theoretical basis for current monetary and finan-
cial theory rests on the efficiency of financial markets. Considerable
effort has been expended testing the efficient markets hypothesis,
usually in the form of the random walk model for stock prices. Most
early studies supported the random walk model, finding that the
predictable variation in equity returns was both economically and
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statistically small. However, much recent research has found evi-
dence that equity returns can be predicted with some reliability."

These are two competing explanations of this phenomenon.
The first is that required returns vary through time, resulting in
predictable, but efficient, mean reversion in stock prices. Alterna-
tively, the predictability of equity returns may reflect the overreac-
tion of stock prices, “fads,” or the cognitive misperceptions of
investors in an inefficient market as suggested by Shiller [1984],
Black [1986], Poterba and Summers [1987], DeBondt and Thaler
[1985, 1987], and Shefrin and Statman [1985].

These two explanations can be distinguished by examining
asset returns over short time intervals. As Sims [1984] and others
have emphasized, asset prices should follow a martingale process
over very short time intervals even if there are predictable varia-
tions in expected security returns over longer horizons—systematic
short-run changes in fundamental values should be negligible in an
efficient market with unpredictable information arrival. Fads mod-
els, in contrast, predict serial correlation over all time intervals,
although most versions emphasize predictability over long time
intervals.

While rejection of martingale behavior over short horizons is
evidence against market efficiency, such evidence probably reflects
inefficiency in the market for liquidity in common stocks. In other
words, short-run price movements probably provide little informa-
tion about the long-term differences between prices and fundamen-
tal values typically emphasized in fads models. Pricing fads may be
more economically interesting, but potential short-run inefficien-
cies in financial markets are probably more easily and precisely
measured.’

Nevertheless, there remain severe econometric problems asso-
ciated with the construction of powerful tests of this short-run
martingale hypothesis. Shiller [1981], Shiller and Perron [1985],
and Summers [1986] have emphasized the low power of standard
tests for serial correlation when applied to security returns. This
problem is particularly severe over short differencing intervals.

1. See Fama [1970] and Singleton [1987] for surveys of the evidence on
predictable variation.

2. There is considerable evidence of systematic reversals in stock returns over
lox:iger intervals. DeBondt and Thaler [1985], Fama and French [1987], and Poterba
and Summers [1987] found evidence for such variation over three-to-ten-year
intervals. Rosenberg, Reid, and Lanstein [1985] and Jegadeesh [1987] provided
sharp evidence at the monthly frequency. Chan [1988] argued that the evidence in
DeBondt and Thaler [1985] is attributable in part to changes in the riskiness of
winners and losers, an interpretation contested in DeBondt and Thaler [1987].
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Many assets are traded on organized securities markets. It is
reasonable to suppose that any stock price overreaction infects
many security returns for both security or industry-specific and
market-wide reasons. Hence, well-diversified portfolios composed
of either “winners” or “losers” might be expected to experience
return reversals in these circumstances, suggesting a simple heuris-
tic strategy for testing market efficiency: study the profits of
costless (i.e., zero net investment) portfolios which give negative
weight to recent winners and positive weight to recent losers. The
short-run martingale model predicts that these costless portfolios
should tend to earn zero profits. In contrast, these costless portfo-
lios will typically profit from return reversals over some horizon if
stock prices “overreact.”?

The remainder of the paper quantifies this intuition and tests
its empirical implications. The next section analyzes the testing
procedure and contrasts it with more conventional approaches. The
subsequent section discusses implementation issues and addresses
some potential problems. The fourth section provides empirical
evidence, and the final section contains concluding remarks.

II. THE PROFITS ON RETURN REVERSAL PORTFOLIO STRATEGIES

Portfolios that involve short positions in securities that experi-
enced recent price increases and long positions in those that
suffered recent price declines might earn abnormal profits if asset
prices partially reflect overreaction to speculative fads. The
employment of this intuition to test the market efficiency hypothe-
sis requires the development of measures of abnormal profits. This
section discusses the comparative merits of two such strategies.

To make matters concrete, consider the following portfolio
strategies involving a given set of N securities over T time periods.
At the beginning of period ¢, buy w;,_, dollars of each security i. This
involves going long security i when w;,_, is positive and short selling
it when this quantity is negative. Each position is closed out at the
end of time t. Choose the weights w;_, so that they are negative
when security i is a winner and positive when security i is a loser.

In particular, set the number of dollars invested in each
security proportional to the previous period’s return (R;,_) less the

3. This strategy avoids the power difficulties associated with time series
autocorrelation tests by the cross-sectional aggregation of autocorrelation informa-
tion, an intuition exploited by Jegadeesh [1987] to develop powerful cross-sectional
tests of linear asset pricing relations.
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return of an equally weighted portfolio of these N assets in that
period (R,_;). Ignoring the factor of proportionality, the weights are
given by

_ 1 &
(1) Wir_p = —[Ry_p — Ry_s]; R, , = N Z Ri .

i1
Accounting profits in period ¢ () are*

N N _ _
(2) Top =2 Wy xRy = =D [Ru_x — Rikl[Ry — R,

i=1 i=1
so that the average profit (w,) on this k period ahead portfolio
strategy over T periods is

1 T 1 T N _ _
(3) T = — ”fz Tt = — TZ Z [Rit—k — R, ][R — Rt]'
t=1

t=1 i=1

Algebraic manipulation of this expression yields

NI _ = - =
(@) Ty =752 [Res — RI[R: - R]
t-1
1 T N _ _ N _ _
- Z Z [Rix — R][R; — R;] — Z [R; — R)%
T t=1 i=1 i=1
where
= 1 T _ _ 1 T
() =T§Rt; Ri=T;Rit

are the average returns of the equally weighted portfolio and of
security i over time, respectively.® Thus, average portfolio profits
depend on the autocovariances of the returns of an equally weighted
portfolio, the autocovariances of the returns of the individual
securities, and the cross-sectional variation in the unconditional
mean returns of the individual securities.

Does the hypothesis of market efficiency place restrictions on
either 7, or m,,? The traditional answer to this question reflects
Fama’s [1970, pp. 413-14] suggestion that the efficient markets
hypothesis “only has empirical content, however, within a context
of a more specific model of market equilibrium, that is, a model that
specifies the nature of market equilibrium when prices ‘fully reflect’
available information.” For example, it is common to assume that
security returns are independently distributed (and often identi-
cally distributed as well) with constant expected returns in both the
filter rule and the monthly return reversal literatures.

4. These are profits because this is a zero net investment strategy, and hence,
returns are not defined.

5. Relation (4) holds for population moments as well and is studied in Lo and
MacKinlay [1988].
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If security returns are independently distributed over time, the
population autocovariances of both individual securities and the
equally weighted portfolio are zero. Hence, expected average profits
on the return reversal portfolio strategies are

N
(6) Efmd - —E(Z [R: — Flz‘

i1
with two testable implications: expected average profits should be
negative and identical for each value of k.° This makes intuitive
sense—on average, return reversal strategies are long securities
with below average expected returns and short those with above
average expected returns and thus systematically lose the cross-
sectional variation in expected returns in these circumstances.

As with most market efficiency tests, rejection of the hypothe-
sis that average portfolio profits are identical for each value of k
might simply indicate that returns are not independently distrib-
uted, perhaps because of time-varying expected returns in an
efficient market. Put differently, the probability of rejecting the
null hypothesis of market efficiency when it is true (i.e., a Type I
error) involves both the usual sampling errors and the probability
that security returns are not independently distributed. In other
words, the conventional approach to testing the hypothesis of
market efficiency with return reversal portfolios is not likely to
yield a useful test in the absence of a plausible a priori model of
temporal variation in expected returns.

An alternative strategy is suggested by the local martingale
literature: the variation in short-run expected returns cannot be too
pronounced, or else intertemporally well-diversified portfolio strat-
egies will be too profitable. That is, strategies that bet on expected
return changes without concentrating investment in any short
period will earn arbitrage profits if very short-run security price
changes are predictable.” If securities experience predictable price
reversals, a simple market efficiency test can be based on time-

6. This is a version of a result derived in Jegadeesh [1987] for linear asset
pricing relations.

7. The following example illustrates the intertemporal diversification argu-
ment. The typical annualized standard deviation of daily returns is 20 percent per
year. Let E, be the conditional expected return of a security in day ¢. Consider the
strategy of buying E, dollars of the security (which is a short sale when this quantity
is negative) at the beginning of day ¢ and closing out the position at the end of the
day. If both the variance of squared daily expected returns and the covariance
between squared daily expected returns and security volatility make a negligible
contribution to portfolio profit variance, the expected annual profit on this strategy
is more than 6,000 times its variance. This strategy is virtually riskless, unless daily
expected returns and their variance are both very small (i.e., if there are no “near”
arbitrage opportunities).
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aggregated return reversal portfolio profits, which reflect the payoff
to an intertemporally well-diversified strategy.
In particular, consider the o period profits:

t+d
(7) 7l"tl,k = Z Tjke

J=t+1
The return reversal strategies reflect a measured arbitrage opportu-
nity if these J period profits are consistently of one sign over the
T/J periods covered by the data. This is evidence against the
market efficiency hypothesis since these costless portfolios are
riskless ex post in these circumstances. Failure to find a measured
arbitrage opportunity involves failure to reject the joint hypothesis
that the market is efficient and that the J period profits reflect the
payoff of an intertemporally well-diversified portfolio strategy.

There is a major difference between the test based on mea-
sured arbitrage opportunities and that predicted on a model of
market equilibrium. This test has a small Type I error rate,
although it can easily result in failure to reject the market efficiency
hypothesis when it is false (i.e., a Type II error).® This stands in
sharp contrast to the conventional approach where Type I errors
result from both the usual sampling problems and failure of the
underlying model of market equilibrium.’

This test avoids the problems associated with specifying a
model for expected return variation at the cost of requiring mea-
sured arbitrage opportunities to reject the hypothesis of market
efficiency, a very stringent test that makes false rejection of the
market efficiency hypothesis difficult. In addition, these portfolio
strategies can, at best, only detect sources of market inefficiency
that give rise to particular short-term arbitrage opportunities. For
example, it is possible to construct models in which prices deviate
from fundamental values because of fads or noise trading without
giving rise to riskless arbitrage opportunities as in Campbell and

8. A Type I error occurs when an investigator concludes that an ex ante costless
portfolio that was self-financing (i.e., earned strictly positive profits) ex post by
chance was riskless ex ante.

9. There is another way to see this distinction. Average return reversal profits
converge to zero in the limit of continuous trading. The assumption that J period
profits reflect the payoff of an intertemporally well-diversified strategy involves the
assumption that trading over discrete time intervals closely approximates continu-
ous trading. A test of the null hypothesis that average return reversal portfolio
profits are zero encounters the same conceptual difficulty as that based on the
independence of security returns. The probability of rejecting this null hypothesis
when it is true depends on the sampling errors in average return reversal portfolio
pro;its as well as the probability that discrete trading well approximates continuous
trading.
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Kyle [1987] and De Long, Shleifer, Summers, and Waldmann
[1987]. Alternatively, speculative fads may be market-wide, giving
rise to long-term swings in stock prices such as bull and bear
markets. In other words, speculative fads may have an important
influence on asset prices but need not be reflected in short-run
return reversal portfolio profits.

III. EMPIRICAL METHODS, POTENTIAL PROBLEMS,
AND SAFEGUARDS

While the discussion of the previous section pointed to a
general strategy for testing market efficiency, it left several choices
open: (1) the appropriate set of securities; (2) the lag length k&; (3)
the horizon over which to aggregate portfolio profits (i.e., J); and (4)
the time interval ¢ over which the local martingale model applies
under the efficient markets hypothesis. Moreover, the discussion
neglected taxes, transactions costs, and other impediments to trade
and presumed that prices could be measured without error.

Each of these issues requires careful a priori consideration.
While this is a truism about empirical work in general, it has special
force here since the strategy involves the search for unexploited
arbitrage opportunities. It is obviously trivial to generate portfolio
strategies that were profitable ex post but that need not have been
profitable ex ante.

The empirical work that follows reflects one plausible set of a
priori choices.!® The asset menu was restricted to equity securities
listed on the New York and American Stock Exchanges because the
Center for Research in Security Prices (CRSP) returns file con-
tains daily observations on all such securities from 1962 to present.
Portfolio weights were taken to be proportional to the difference
between the return of security i and the return on an equally
weighted portfolio at different lags. Finally, a week was taken to be
a sufficiently short period for the local martingale model to apply

10. This is also the only strategy that I have studied, and hence, the results
reflect no obvious retrospective biases with one major exception: the fact that I read
papers in the monthly and longer horizon return reversal literature prior to
embarking on this study (particularly Jegadeesh [1987]). However, note that there is
one ex ante forecast implicit here: the 1986 results were obtained after the first draft
of this paper was circulated. Note also that most reasonable alterations of the
analysis would probably increase measured portfolio profits. For example, all
securities listed on the NYSE and the AMEX were included, even though a
reasonable ex ante expectation is that small winners and losers contribute primarily
to transactions costs and not to portfolio profitability.
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while the horizon of the portfolio strategy was set to twenty-six
weeks.!!

The empirical work proceeded as follows. Every week, all
securities that were listed on the New York and American Stock
Exchanges in that week and k& weeks previously were selected for
inclusion in the portfolio strategy.'* The number of dollars invested
in each security was proportional to the return in week k less the
return of the equally weighted portfolio of the included securities."
The factor of proportionality was the inverse of the sum of the
positive deviations of individual security returns from this mean,
making the portfolios long and short one dollar of equity securities.
Hence, the number of dollars invested in security i in week ¢ was

(8 Wi _p = —[Ry_p — Et-k]/ >  Rux-R._.

’Rn ~k —Rz -h>°|

These portfolio weights yield profits that are the difference in the
returns on two dollar portfolios and, hence, are measured in units of
percent per week. The weights were then multiplied by the return
on the corresponding security £ weeks hence, and these returns
were summed to arrive at portfolio profits for the week as in (2).
Finally, this process was repeated for J weeks to generate the total
profits on the strategy for the portfolio horizon o as in (7)."

11. Shorter intervals such as days were deemed inappropriate for reasons
discussed below and other strategy horizons are reported below. A week was taken to
begin on Wednesday and end on Tuesday to mimimize the number of days that
exchanges were closed over the sample.

12. There is some room for selection bias since an investor would not know now
that a firm would still exist in & weeks. Fortunately, the amount of delisting on the
CRSP tapes is sufficiently small (especially over a few weeks) that this bias probably
has little impact on the results. In addition, delisting alone overstates any upward
bias in portfolio profits since firms typically leave the CRSP tapes for many reasons
including name changes and takeovers.

13. Investors do not have full use of the proceeds of short sales in equity
markets and, hence, cannot finance long positions with short sales. This is probably
not cause for concern for three reasons. %‘irst, costless portfolios can be thought of as
either an arbitrage strategy or as a marginal change in an existing portfolio that is
long all of the securities that meet the criterion for inclusion. The restriction on the
use of the proceeds from short sales has no force under the latter interpretation.
Second, existing margin requirements require putting up margin for half of the
market value of the long position, and large investors (such as broker-dealers) can
costlessly use available marginable securities as collateral. Finally, borrowing costs
are very small (less than 0.2 percent per week).

14. This is not necessarily innocuous since the scaling factor changes from week
to week. The results change little when this scaling factor is omitted. The scaling
factor can be thought of as a measure of the cross-sectional variation in returns in a
given week.

15. Note that the profits for horizon J are the unweighted sum of the profits for
each of the J weeks. This ignores the interest that could be earned (or the interest
expense that could be incurred) on these profits within the J weeks. This is
analogous to the treatment of dividends and coupon payments in the computation of
bond and stock returns.
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There is a major empirical problem with using weekly security
returns to detect market inefficiency in this fashion: there are
predictable fluctuations in measured security returns that have
nothing to do with market inefficiency. Eighty percent of the price
movements over successive transactions are between the bid and
asked prices, giving the appearance of pronounced negative serial
correlation even in daily returns. The CRSP data files list only
closing prices without regard for whether the last transaction was
executed at the bid price, the offer price, or within the bid-ask
spread. Stocks will tend to look like winners (losers) if the last
transaction on T'uesday was at the bid (offer) price. This will make
the one-week strategy look more profitable than it is—stocks that
appeared to be winners (losers) because the last transaction on
Tuesday was at the bid (ask) price will move to the offer (bid) price
next Tuesday roughly half of the time, yielding an apparent profit
on the short (long) position in that stock.

This problem is mitigated by a few simple precautions. First,
these biases are only a serious issue for portfolio strategies linking
this week’s return to that of next week (i.e., when k =1). In
addition, the use of weekly data reduces the severity of bid-ask
spread bias. As an added precaution, the portfolio weights (but not
the profits) for this strategy were also computed using four-day
returns (i.e., from Wednesday through Monday). The absence of
the security returns for the intervening Tuesday substantially
reduces this bias by reducing the correlation between the portfolio
weights and the measurement error in subsequent returns. Note
that this is a conservative procedure—it eliminates the useful
Tuesday returns (i.e., those that moved from bid to bid or ask to
ask) as well as the corrupted ones (i.e., those that moved from bid to
ask or ask to bid) and, hence, is likely to overstate the contribution
of bid-ask spread bias to portfolio profits.

Most investigators think the fact that a security traded at the
bid or the ask price on Monday is typically unrelated to the state at
the close of trade on Tuesday. This presumption is false if the
market is not sufficiently liquid to accommodate the needs of
traders in the day or two after large price movements. Suppose that
a random price increase occurs which is not expected to persist.
Investors might be expected to sell some of their stock to rebalance
their portfolios and market makers might be expected to buy to
replenish their inventories to the extent that they were selling
during the initial price increase. If investor portfolio adjustment
and market maker inventory adjustment took several days follow-
ing a large price movement, the price at the close of trade on
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Monday could systematically be at the bid (ask), while that at the
close of trade on Tuesday could systematically be at the ask (bid).
My interpretation of the four-day return calculation requires that
the market be sufficiently liquid to accommodate such trading
'needs in a day or two.

Another important issue is transactions costs. These portfolio
strategies involve extreme portfolio turnover, typically requiring
more than 2,000 transactions each week. Of course, the strategy
could be modified to reduce the frequency of trading. Furthermore,
it is not clear what transactions costs are relevant since costs are
smaller for an investor treating this as a marginal change in an
existing active trading strategy. Instead of searching for low trans-
actions costs versions of these strategies (and risking the potentially
serious retrospective bias that could then arise), portfolio profits
were computed under different transactions cost assumptions.

Transactions cost per security per week was computed as
te*|w; — w;_,|, where tc is the assumed one-way transactions cost
per dollar transaction and w;, is the number of dollars invested in
security i in week t. The profits are reported for several values of tc:
0.05 percent, 0.10 percent, 0.20 percent, 0.30 percent, 0.40 percent,
and 1.0 percent. These numbers treat this portfolio strategy as if it
generates typical trades in typical stocks. For large traders using
market orders, one-way transactions costs are the clearing house
costs of 0.05 percent plus one half the bid-ask spread (which ranges
from 0.5 to 4.5 percent) times the fraction of trades in which
specialists participate (approximately 10 to 15 percent of trades on
the NYSE), suggesting one-way transactions costs of less than 0.20
percent for such investors.'®

These numbers might be too low. The trades generated by this
portfolio strategy are not in typical stocks. They are tilted toward
smaller market capitalization firms that have larger bid-ask spreads
and a greater proportion of trades taking place at the bid or offer
price. If the strategy requires typical trades in these stocks, one-way
transactions costs are probably closer to 1 percent.

These numbers might be too high because the strategy does not

16. Any price pressure generated by this trading strategy is ignored in these
computations. For a given value of tc, transactions costs are probably overstated
because the strategies, especially those based on four-day returns and on the returns
in previous weeks, would afford investors the time to shop around for the best
execution prices. The computations also ignore strategies for reducing transactions
costs—trading at the open (at which time there is no bid-ask spread) and employing
limit orders. Neither strategy can be simulated on CRSP data, which contain only
closing prices.
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generate typical trades. If a security is a big winner (loser), the
market maker is typically a net seller to (buyer from) the public.
Market makers want to rebalance their inventories in these circum-
stances so that patient traders like portfolio rebalancers and inves-
tors following reversal strategies can typically trade on favorable
terms since they are providing needed liquidity. Hence, this strat-
egy will typically be trading when bid-ask spreads are relatively low
and when trades are executed within the bid-ask spread more
frequently than usual. Baesel, Shows, and Thorp [1983] argued that
Beebower and Priest [1979] found approximately zero net transac-
tions costs in a sample of actual trades for this reason.!”

There are several minor empirical problems which are not
accounted for here but which are probably unimportant. The
analysis presumes that it is possible to buy at the close of trade on
one Tuesday and sell at the close of trade on the subsequent
Tuesday. Although it may not have been possible to execute these
transactions at these prices, the four-day return computation
largely eliminates any bias that might arise.”® In addition, SEC
regulations require that short sales take place only on upticks. This
probably has a small impact on the results since most of the profits
come from the long and not the short positions. Finally, the
portfolio profit computations ignore any price pressure generated
by this trading strategy—a serious problem only if large positions
are taken in illiquid securities. Typical position sizes will be
reported below.

17. See Sweeney [1986] for a detailed discussion of these issues. This view is
also supported by the experience of price-sensitive value-based portfolio managers,
like Batterymarch Financial Management, and proprietary trading operations, such
as those at Morgan, Stanley, & Co. and Bear, Stearns, & Co. They typically confront
out-of-pocket costs of less than 0.10 percent and total transactions costs inclusive of
price pressure of less than 0.20 percent one-way on similar trading strategies. I am
grateful to Dean LeBaron of Batterymarch Financial Management and Greg Kipnis
of Morgan, Stanley, & Co. for helpful discussions.

18. The direct effect of the bid-ask spread is accounted for in the transactions
cost calculation. The bias arises because the closing price on the CRSP tapes is
either at the bid or the offer, so that half the time the profit calculation assumes that
one is buying (selling) at too low (high) a price since one buys (sells) at the asked
(bid) price. Of course, this also means that the profit calculation assumes that one
subsequently closes out the position at too low (high) a price for exactly the same
reasons, leaving only a Jensen’s inequality bias. From Blume and Stambaugh [1983],
the bias (relative to true returns) is approximately

N
E{‘"’:,h} =mh + Z w;,8F,
i-1

where §; is the percentage bid-ask spread. The bias is trivial even if the bid-ask
spread is 2 or 3 percent and is made even smaller by the observation that the
portfolio weights sum to zero.
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IV. EMPIRICAL RESULTS

This section evaluates the profitability of the costless portfolio
strategies described in the previous section. The strategies were
applied to virtually all securities listed on the New York and
American Stock Exchanges between July 1962 and December
1986.”° The portfolio weights were based on the following: the
previous full week’s returns, previous four-day returns (to mitigate
bid-ask spread bias), and on the returns two, three, four, thirteen,
twenty-six, and fifty-two weeks ago.

Table I presents the main results of the paper. The table
reports the profits for five horizons (i.e., values of J): one, four,
thirteen, twenty-six, and fifty-two weeks. Six summary statistics
are provided: the mean profit and its ¢ statistic, the standard
deviation of profits, the maximum and minimum profit, and frac-
tion of periods for which profits were positive. All of these computa-
tions ignore transactions costs, which will be dealt with below.

The results in Table I sharply reject the efficient markets
hypothesis ignoring market frictions. The two one-week portfolio
strategies earned positive profits for each of the 49 twenty-six-week
periods (and for all 98 quarterly and 24 annual observations as
well).? Table I also reveals little persistence in the return reversal
effect. The portfolio strategy based on returns two weeks previously
did earn positive profits in each of the six-month periods, but this
observation does not survive the inclusion of transactions costs (in
Table V). None of the other strategies earned strictly positive
profits for any portfolio horizon.

Table II provides a more detailed description of the anatomy of
the return reversal effect. It reports the same summary statistics for
the dollar portfolios of winners and losers as Table I, including the
sample correlation between the winner and loser portfolio returns
as well.?! The weekly mean returns of the two one-week portfolio

19. I calculated all of the results presented in the tables for 1987 except those
found in Tables III and IV. The results for 1962-1986 persist in 1987. In particular,
the two one-week strategies proved as profitable net and gross of transactions costs
in 1987 as they were in the sample described here.

20. It is interesting to consider why such return reversals were not found in the
early market efficiency tests. As summarized in Fama [1970], these investigations
found evidence of slight negative serial correlation in individual security return
autocorrelations and of slight positive autocorrelation in individual security return
runs tests with weekly data. The values were so small that it seemed implausible that
they reflected anything like an unexploited arbitrage opportunity. This analysis
differs by using information on many securities (i.e., winners and losers) as opposed
to the “weak form” tests based on only lagged individual security prices.

21. Since these are portfolio returns, the statistics for the winners portfolio are

the opposite of those implicit in the profits reported in Table I (i.e., winners are sold
short in the costless portfolios).
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strategies were of opposite sign, and the mean return of the winners
portfolio was on the order of one half the magnitude of the mean
return of the losers portfolio. The sample variances of the weekly
returns of the two one-week portfolio strategies were comparable.
The sample correlations of the weekly returns of the two one-week
portfolio strategies were large and positive—0.851 for the full-week
strategy and 0.873 for the four-day strategy. A short position in the
winners portfolio had a large negative correlation with a long
position in the losers portfolio, greatly reducing the variance of the
resulting costless portfolio (by approximately 60 percent of the
standard deviation of the losers portfolio) and increasing its average
profit (by approximately 40 percent over the mean of the losers
portfolio).

Put differently, the winners and losers portfolios had weekly
mean returns within an order of magnitude of their standard
deviations. This implies that the weekly mean returns were much
larger than the corresponding sample variances—by a factor of six
to nine for the winners portfolio and of nine to fourteen for the
losers portfolio. The resulting costless portfolios had mean profits
approximately equal to their standard deviations (and between 50
and 75 times their variances) because of the large negative correla-
tions between the long and short positions in the losers and winners
portfolios. As a consequence, the mean profits on these strategies
over twenty-six-week periods were more than three times their
standard deviations, and the profits were positive in each six-month
period.?

It is worth emphasizing the role of the short position in the
winners portfolio in these profits. It is not the case that the returns
on the losers portfolio were nearly always positive; they were
positive in 65 to 70 percent of the weeks. Similarly, the short
position in the winners portfolio typically had positive returns in
more than half of the weeks. The short position in the winners
portfolio had a large negative correlation with the losers portfolio,
rendering the costless portfolio profits positive in between 85 and
94 percent of the weeks. The integral nature of the short position in
the winners portfolio in the costless portfolios’ profits stands in
sharp contrast to the role of short positions in the filter rule

22. Recall that the instantaneous mean and variance of individual asset and
portfolio returns must be of the same order of magnitude to prevent the occurrence
of riskless arbitrage opportunities in the continuous time asset pricing literature.
While the relevance of this observation for weekly returns is open to question, the
semiannual time aggregation of weekly return reversal portfolio profits has the same
kind of effect as intertemporal portfolio diversification in continuous time.
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literature—as Sweeney [1986] has emphasized, short positions
contribute primarily transactions costs (and not profits) to filter
rule profits.

It is difficult to interpret the behavior of these portfolios as
reflecting time-varying expected returns even if one rejects the
market inefficiency interpretation of this evidence. Suppose that
market prices were determined by the consumption-based capital
asset pricing model with time-varying consumption betas and risk
premiums. If firms with consumption betas above the market
average one week typically had consumption betas above the
market average next week as well, the consumption risk premium
would have to be highly negatively serially correlated from week to
week to explain these results. It is certainly difficult to rationalize
such a short-run relation.?

Table II also accounts for the failure to find pronounced
persistence in the return reversal effect. On averge, the winners
portfolio only had negative mean returns in the subsequent week
and had positive and increasing mean returns over the next month.
Similarly, the losers portfolio had large positive mean returns in the
subsequent week which diminished over the next month. This
measured mean reversion in stock returns is studied further in
Lehmann [1988].

Tables III and IV provide a detailed description of the charac-
teristics of the winners and losers portfolios, respectively, for the
two one-week strategies and those based on one-week returns two
and three weeks ago. Eight statistics are given for each of the five
quintiles of the winners and losers portfolios (running from largest
to smallest). As before, the tables report the mean return and its ¢
statistic, the standard deviation of returns, and the maximum and
minimum return for each quintile (i.e., for each 20 cents of the
dollar invested in the winners or losers portfolio). In addition, the
tables provide three summary measures of quintile characteristics:

23. To make matters concrete, let the excess return of security i be given by
Rit - Rﬂ = Bl’ct [Rct - Rﬂ] + €y

where 8;,, is the consumption beta of security i at time ¢, R,, is the return on the
portfolio of these N assets that has the largest correlation with aggregate consump-
tion, Ry, is the return on the riskless asset, and ¢, is the portion of the return on
security i conditionally uncorrelated with aggregate consumption. If the uncondi-
tional covariances coV {8..8is.1, [Ree — Rpl[Rutss — Rpir]l and cov {eBice . 1
[Reii1 — Rp,i]l are both zero (ignoring, for example, the small effect of weekly
leverage changes on consumption betas), then E{[R,, — Rp][R...1 — Rpi1]} < O if
€0V {Bict, Bicr+1} > 0 to account for the observed positive average portfolio profits. It is
hard to rationalize pronounced negative serial correlation in either [R., — R 1e] OF Bice,
especially in weekly data.
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average turnover, average investment per firm, and weighted aver-
age market capitalization. The portfolio turnover calculation is the
average sum across securities within each quintile of the transac-
tions cost base |w; — w;_,|. Average investment per firm in each
quintile is the average value of 20 cents divided by the number of
firms in each quintile in each week. The market value calculation is
the sample average of the portfolio weighted market capitalization
of the firms in each quintile of those firms for which price and share
data existed at the beginning of the week.

The measured arbitrage profits on the two one-week strategies
reflect returns on reasonably well-diversified portfolios (with
weights typically ranging from 0.03 to 0.53 percent), not the reward
to investing in a few big winners and losers. To be sure, the largest
winners and losers experienced the largest subsequent reversals.
However, the top three quintiles of winners and all five quintiles of
losers typically experienced large reversals in the next week. More-
over, the average market capitalizations of the quintile portfolios
were in size deciles six through nine, mitigating concern about price
pressure and liquidity. Note also the extraordinary volume of
transactions generated by the strategies: approximately three dol-
lars a week per dollar long in the return reversal portfolio strategy.
In other words, the two one-week strategies profited from the
exploitation of many relatively small predictable price reversals
each week and, hence, probably would not have required large
positions in illiquid stocks.

Of course, there are legitimate concerns about the economic
relevance of the profits documented in Table 1. In particular, the
costless portfolio strategies typically generate more than 2,000
round-trip transactions per week, and hence, the resulting transac-
tions costs might be expected to wipe out the profits reported in
Table 1. Table V reports the semiannual profits for the two
on~-week strategies and those based on one-week returns two and
three weeks ago under assumed one-way transactions costs ranging
from 0.05 to 1.0 percent.

The resuits in Table V differ somewhat from those in Table I
without altering the main conclusions, as long as the one-way
transactions costs confronting large traders are less than 0.20
percent. The two one-week portfolio strategies still yielded mea-
sured arbitrage profits at this level of transactions costs. The
strategy based on returns two weeks ago did not yield positive
profits in each of the 49 six-month periods at any level of transac-
tions costs, and hence, its profits do not constitute a true arbitrage
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opportunity. Note that the plausibility of my transactions cost
assumptions is crucial here: neither one-week strategy yields a
measured arbitrage opportunity if one-way transactions costs
exceed 0.20 percent; and mean profits are zero if they are 0.40
percent.

Figure I provides two additional summary measures of the
behavior of the two one-week portfolio strategies: time series plots
and histograms of their weekly profits gross of transactions costs.?
The series are dominated by white noise with positive mean. There
is no noticeable pattern in the portfolio profits processes and, in
particular, no tendency for profits or their mean to decline over
time. Large (i.e., 1 to 4 percent per week) profits are the rule rather
than the exception, and the profitability of these strategies is
pervasive throughout the sample period.?

It is interesting to summarize these results by considering the
profits for strategies that are long $100 million of losers and short
$100 million of winners. The average semiannual profits net of the
0.10 percent one-way transactions costs that might be relevant for
floor traders and large broker-dealers were $38.77 million for the
conventional one-week strategy and $23.74 million for that based on
four-day returns. The minimum semiannual profits were $17.86
million and $7.47 million, respectively, while the largest semiannual
profits were $87.02 million and $51.68 million, respectively. More-
over, market liquidity is typically sufficient to accommodate trans-
actions of this scale—typically $300,000 in the extreme losers and
$500,000 in the extreme winners. These costless portfolio strategies
earned measured arbitrage profits despite generating $300 million
of transactions a week (the theoretical maximum is $400 million),
more than one third of which was generated by the unprofitable
transactions in the fifth quintile of smallest winners and losers. It is
hard to believe that these numbers are either trivial or were

24. The cells of the histograms are +0.5 percent of the integer displayed (i.e., 1
percent denotes the cell with observations ranging from 0.5 to 1.5 percent). The
histograms exclude cells with fewer than 12 (out of 1,276) observations. There are 9
negative observations and 38 positive observations not reflected in the histograms.

25. Fama and French [1987], Chan [1988], and Jegadeesh [1987] provide
evidence that the return reversal effects measured at longer differencing intervals
are, in part, attributable to the now well-known turn-of-the-year effect—the
pronounced tendency for the returns on stocks with small market capitalizations to
exceed those of stocks with large market capitalizations in the month of January.
Results not reported here suggest that return reversal strategies are, if anything,
more profitable outside of the month of January. This is primarily a consequence of
the returns on the winners portfolio outside of the month of January. The average
return on each version of the winners portfolio was more negative, and negative
returns occurred in a slightly larger fraction of twenty-six-week periods than the
corresponding observations including January returns.
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unattainable for investors unless stocks are typically illiquid follow-
ing large price movements.?

V. CONCLUSION

Financial economics has enjoyed considerable success in inter-
preting stock price movements as reflections of the arrival of new
information in an efficient capital market. Early empirical studies
found little evidence against the hypothesis that equity prices were
set in an efficient market with constant expected returns. Theoreti-
cal developments since then have suggested that expected returns
typically vary in our equilibrium asset pricing models, and not
surprisingly, recent empirical research has found evidence of pre-
dictable variation in security returns. While it is conventional
practice to refer to this evidence as a reflection of time-varying
expected returns, the suggestion that predictable variation in secu-
rity returns arises instead from security price overreaction to
speculative fads or the cognitive misperceptions of investors in an
inefficient market is currently enjoying a resurgence not seen in two
decades.

This paper has tested the market efficiency hypothesis by
examining security prices for evidence of unexploited arbitrage
opportunities. It did so by examining the profits on feasible ex ante
costless portfolios that should not earn riskless profits in an
efficient market but could earn such profits if stock price overreac-
tion affects many equity returns. This practice avoids the problems
associated with specifying a model for variation in expected returns
at the cost of requiring the presence of measured arbitrage opportu-
nities to reject the hypothesis of market efficiency—a very stringent
test.

The results strongly suggest rejection of the efficient markets
hypothesis. Portfolios of securities that had positive returns in one
week typically had negative returns in the next week (—0.35 to
—0.55 percent per week on average), while those with negative

26. It is difficult to provide a quantitative measure of the inefficiency in the
market for liquidity represented by these results. The following calculation may
provide an order of magnitude estimate of the typical pricing error. If a week is
sufficiently short for the local martingale model to apply, the costless return reversal
portfolios should have mean zero profits net of transactions costs. The mean profits
of the two one-week strategies are approximately zero at 0.40 percent one-way
transactions costs. This suggests a typical pricing error estimate of 0.80 percent if it
is reasonable to label this measured inefficiency as unmeasured transactions costs.
This calculation probably understates true “total” transactions costs because the
two one-week strategies are probably much less profitable than optimal return
reversal strategies.
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returns in one week typically had positive returns in the next week
(0.86 to 1.24 percent per week on average). The costless portfolio
that is the difference between the winners and losers portfolios had
positive profits in roughly 90 percent of the weeks and, if the
strategy is viewed as having a twenty-six-week horizon, the profits
were positive in each of the 49 six-month periods covered by the
data.

It is difficult to account for these results within the efficient
markets framework. These measured arbitrage profits persist after
corrections for the mismeasurement of security returns due to
bid-ask spreads and for plausible levels of transactions costs. In
addition, the strategies involved only modest positions in liquid
securities, suggesting that they could have been implemented
without generating substantial price pressure unless markets are
illiquid following large price changes. Finally, it is hard to rational-
ize short-run return reversals of this magnitude within an intertem-
poral asset pricing framework even ignoring the evidence of market
inefficiency suggested by the measured arbitrage opportunities.?’

In fact, the return reversals associated with winners and losers
probably reflect imbalances in the market for short-run liquidity.
This is consistent with the notion that market makers are only
intermediaries between patient and impatient traders and, hence,
supply only very short-term (i.e., intraday) liquidity as in Treynor
[1981]. By contrast, market-wide proprietary trading by large
broker-dealers (who are patient traders) is probably the natural
source of supply of liquidity over intervals like days or weeks in
response to transitory changes in the demand for liquidity by
impatient traders. Such trading is only a recent phenomenon,
however, and so the results probably reflect an inefficiency in the
market for short-term liquidity.

Since there is little persistence in the return reversal effects,
there are two potential responses to these results. First, one could
emphasize the short-run nature of the arbitrage opportunity and
presume that equity markets are (on average) efficient over longer

27. After completing this research, I learned that Rosenberg Institutional
Equity Management successfully markets a version of the portfolio strategy
described in Rosenberg, Reid, and Lanstein [1985]. In addition, this firm does index
arbitrage with a long position in a version of the losers portfolio and a short position
in S&P 500 futures contracts. We academicians apparently benefit from similar
strategies—the College Retirement Equity Fund has successfully pursued such a
return reversal strategy as part of its actively managed portfolio. Similarly, compu-
terized proprietary trading operations seeking to exploit reversals are now common-
place. Presumably their activities, especially the systematic computer-generated
versions, will eliminate any such arbitrage opportunities in the future, yielding the
opportunity to write a paper entitled “Return Reversals Revisited” at a future date!
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horizons, such as a month. On this view, these results provide an
interesting puzzle for students of security market microstructure
and of the market for short-run liquidity.? Alternatively, one could
emphasize the low power of these tests for detecting longer term
market inefficiencies and continue to seek additional evidence (and
reinterpret existing evidence) of market inefficiency. Both
responses will presumably increase our understanding of the deter-
mination of security prices.

DEPARTMENT OF ECONOMICS AND GRADUATE SCHOOL OF BUSINESS, COLUMBIA
UNIVERSITY, AND THE NATIONAL BUREAU OF ECONOMIC RESEARCH
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