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Abstract

We analyze the empirical power and specification of test statistics in event studies
designed to detect long-run (one- to five-year) abnormal stock returns. We document that
test statistics based on abnormal returns calculated using a reference portfolio, such as a
market index, are misspecified (empirical rejection rates exceed theoretical rejection rates)
and identify three reasons for this misspecification. We correct for the three identified
sources of misspecification by matching sample firms to control firms of similar sizes and
book-to-market ratios. This control firm approach yields well-specified test statistics in
virtually all sampling situations considered.
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1. Introduction

Many recent studies in financial economics analyze the long-run behavior
of stock returns following major corporate events or decisions, such as divi-
dend initiation, stock splits, acquisitions, or security offerings. In these studies,
the post-event return performance of sample firms is tracked for a period of
time following the event. There is considerable variation in the measures of
abnormal returns and the statistical tests that empirical researchers use to detect
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long-run abnormal stock returns. While Brown and Warner (1980, 1985),
Dyckman, Philbrick, Stephan, and Ricks (1984), and Campbell and Wasley (1993)
all document the empirical specification and power of test statistics designed to
detect abnormal stock returns, these studies focus on the characteristics of abnor-
mal returns measured on a particular day or, at the most, cumulated over several
months. In contrast, our research documents the empirical power and specifica-
tion of test statistics designed to detect long-run abnormal stock returns. Our
analysis focuses on annual, three-year, and five-year returns. We argue that many
of the common methods used to calculate long-run abnormal stock returns are
conceptually flawed and/or lead to biased test statistics.

We consider two main issues in tests designed to detect long-run abnormal
stock returns. First, we consider the calculation of abnormal returns. We argue
that researchers should calculate abnormal returns as the simple buy-and-hoid
return on a sample firm less the simple buy-and-hold return on a reference port-
folio or control firm. We document the biases that are induced by summing daily
or monthly abnormal returns (referred to in the financial economics literature as
cumulative abnormal returns). Second, we empirically evaluate the performance
of three approaches for developing a benchmark for long-run stock returns. The
first approach employs the return on a reference portfolio to calculate abnormal
returns. The second approach matches sample firms to control firms on specified
firm characteristics. The third approach is an application of the three-factor model
of Fama and French (1993). We document the empirical power and specification
of test statistics designed to detect long-run abnormal stock returns based on dif-
ferent methods of calculating long-run abnormal returns and different approaches
for developing a long-run return benchmark. Our analysis focuses on the annual,
three-year, and five-year returns of firms listed on the New York, American, and
NASDAQ exchanges with available data on the monthly return files maintained
by the Center for Research in Security Prices (CRSP) from July 1963 through
December 1994.

Our empirical results yield two insights. First, we document that using reference
portfolios, such as an equally weighted market index or size decile portfolios, to
calculate long-run abnormal returns is problematic. In general, abnormal returns
calculated using reference portfolios yield test statistics that are misspecificed
(empirical rejection rates exceed theoretical rejection rates). In Section 2, we
identify and discuss in detail three reasons for the observed biases in test statistics.
In brief, these three biases include:

o new listing bias, which arises because in event studies of long-run abnormal
returns, sampled firms generally have a long post-event history of returns,
while firms that constitute the index (or reference portfolio) typically include
new firms that begin trading subsequent to the event month;

e rebalancing bias, which arises because the compound returns of a refer-
ence portfolio, such as an equally weighted market index, are typically
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calculated assuming periodic (generally monthly) rebalancing, while the re-
turns of sample firms are compounded without rebalancing; and

o skewness bias, which arises because long-run abnormal returns are positively
skewed.

We find that cumulative abnormal returns (summed monthly abnormal returns)
yield positively biased test statistics, while buy-and-hold abnormal returns (the
compound return on a sample firm less the compound return on a reference
portfolio) yield negatively biased test statistics. These apparently contradictory
results occur because of the differential impact of the new listing, rebalancing,
and skewness biases on cumulative abnormal returns and buy-and-hold abnormal
returns.

The second insight to emerge from our analysis is the efficacy of a control
firm approach for detecting long-run abnormal stock returns. We document that
matching sample firms to control firms of similar sizes and book-to-market ratios
yields test statistics that are well specified in virtually all sampling situations
that we consider. This control firm approach yields well-specified test statistics
because it alleviates the new listing, rebalancing, and skewness biases.

Kothari and Warner (1996) also analyze the properties of long-run abnormal
returns. Both our work and that of Kothari and Warner highlight the problems
associated with calculating long-run abnormal returns using either a reference
portfolio approach (which is discussed in detail in our work) or an application
of an asset pricing model (which is discussed in detail by Kothari and Warner).
However, we show that the control firm approach to calculating abnormal returns
is robust to virtually all sampling situations that we consider. Though we highlight
important differences between the two studies in this analysis, Barber and Lyon
(1996a) thoroughly document all of the differences and their implications.

The remainder of this paper is organized as follows. In Section 2, we discuss
sources of bias in the calculation of long-run abnormal returns. We discuss the
return data, the construction of reference portfolios, and the application of the
Fama-French three-factor model in Section 3. The calculation of cumulative ab-
normal returns, buy-and-hold abnormal returns, our empirical methods, and the
statistical tests that we use are defined in Section 4. Results are presented in
Section 5. We discuss tests of median abnormal returns in Section 6. We close
the paper in Section 7 with specific recommendations about the calculation of
long-run abnormal returns.

2. The calculation of long-run abnormal returns
The convention in much of the research that analyzes abnormal returns has

been to sum either daily or monthly abnormal returns over time. Define R; as
the month ¢ simple return on a sample firm, E(R;,) as the month ¢ expected return
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for the sample firm, and AR; = R;, — E(R;) as the abnormal return in month ¢.
Cumulating across t periods yields a cumulative abnormal return (CAR):

CAR;, = ZAR,, : (1)

=1

In contrast, the return on a buy-and-hold investment in the sample firm less the
return on a buy-and-hold investment in an asset/portfolio with an appropriate
expected return (BHAR) is

T T

BHAR; =[] [1 + Ri) = ] 1 + BRI . (2)

t=1 1=1

In this section, we discuss issues that lead to biases in the calculation of test
statistics designed to detect long-run abnormal stock returns. Later, we consider
several alternative methods of arriving at an expected return for a sample firm.
However, in this section, for purposes of discussion, we consider the return on
an equally weighted market index (R,;) as the expected return for each security.
When we present our empirical results, we consider how the various biases affect
the calculation of long-run abnormal returns when alternative expectation models
are employed.

2.1. Cumulative abnormal returns ( CARs)

Ritter (1991) was among the first to argue that CARs and BHARs can be
used to answer different questions. Consider the case of a 12-month CAR and
an annual BHAR. Dividing the 12-month CAR by 12 yields a mean monthly
abnormal return. Thus, a test of the null hypothesis that the 12-month CAR is
zero is equivalent to a test of the null hypothesis that the mean monthly abnormal
return of sample firms during the event year is equal to zero; it is not a test
of the null hypothesis than the mean annual abnormal return is equal to zero.
To test the latter hypothesis, a researcher needs to use the annual BHAR.

The difference between these two hypothesis tests can be understood by con-
sidering the difference between CARs and BHARs. We randomly sample 10,000
observations between July 1963 and December 1993 from the CRSP NASDAQ
and NYSE/AMEX monthly return files. (The data set used in this research is
discussed in detail in Section 3.) We calculate a 12-month CAR and an annual
BHAR using the CRSP NYSE/AMEX/NASDAQ equally weighted market index
for each of the 10,000 observations. These 10,000 observations are then ranked
into 100 portfolios of 100 securities each on the basis of their annual BHAR.
This ranking creates the maximum spread in the annual BHAR. For each of
the 100 portfolios, we calculate the mean difference between the cumulative and
buy-and-hold abnormal returns (CAR,;, — BHAR;;). In Fig. 1, we plot this mean
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Fig. 1. The difference between 12-month cumulative abnormal retums (CARs) and annual buy-
and-hold-abnormal returns (BHARSs) plotted against annual BHAR for 100 portfolios formed on the
basis of annual BHAR.

For a random sample of 10,000 observations, an annual BHAR and a 12-month CAR are calculated
for each observation using an equally weighted market index. The observations are ranked by BHARs,
then 100 portfolios of 100 securities are created based on the BHAR ranking. The figure plots the
mean difference between the 12-month CAR and annual BHAR against the annual BHAR.

difference against the mean annual BHAR for each of the 100 portolios. The
figure reveals predictable differences between CARs and BHARs. When the an-
nual BHAR is less than approximately 13%, the CAR is approximately 5% greater
than the BHAR., on average. The difference between the CARs and BHARs
decreases as the annual BHAR approaches 28%. As the annual BHAR increases
beyond 28%, the CARs are dramatically less than the annual BHAR.

The differences between the CARs and BHARS result from the effect of monthly
compounding; CARs ignore compounding, while BHARs include the effect of
compounding. If individual security returns are more volatile than the returns on
the market index, it can be shown that CARs will be greater than BHARSs if the
BHAR is less than or equal to zero. As the annual BHAR becomes increasingly
positive, the difference between the CAR and BHAR will approach zero and
eventually become negative. These results are empirically verified in Fig. 1.

To understand the implication of these differences, consider a sample of firms
that all have an annual BHAR close to zero. On average, Fig. 1 reveals that this
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sample has a mean CAR of approximately 5%, so that sample firms have mean
monthly abnormal returns of approximately 0.42% (5%/12 months). However,
since individual security returns are more volatile on average than the returns on
the reference portfolio, this mean monthly abnormal return does not translate into
a positive mean annual abnormal return. A simple example illustrates the intuition
of this result. Consider a sample firm and reference portfolio with consecutive
monthly returns of (0%, 44%) and (20%, 20%), respectively. The two-month
CAR is 4%, while the two-month BHAR is zero.

Assume that CARs and BHARs both have a population mean of zero. (Later
in this section, we will discuss reasons why they do not have a zero population
mean.) Though particular sample means for both CARs and BHARs are unbiased
with respect to zero, CARs are biased estimators of BHARs. We draw a random
sample of 200,000 observations and calculate a 12-month CAR and an annual
BHAR using an equally weighted market index. When we estimate the following
regression;

BHAR; » = Ao + /:]CAR,‘JQ + & (3)

for this sample, the resulting intercept and slope coeflicients are 2o = —0.013
(0.0007) and 4, = 1.041 (0.0014), where the numbers in parentheses are the
coefficient standard errors. If unbiased, the intercept and slope coefficients would
be zero and one, but both the intercept and slope coefficients are significantly
different from zero and one, respectively. The adjusted R? of the regression is
77.6%.

In sum, cumulative abnormal returns are a biased predictor of long-run buy-
and-hold abnormal returns. Consequently, on conceptual grounds, we favor the
use of buy-and-hold abnormal returns in tests designed to detect long-run abnor-
mal stock returns. We refer to this problem as measurement bias and document
the magnitude of this bias at the close of Section S.

Moreover, in studies of long-run abnormal returns, researchers are required
to identify an initial event month for each sample firm. Yet many new firms
begin trading subsequent to this initial event month. These newly listed firms
become part of the market index against which the sample firm’s performance
is measured. The inclusion of these newly listed firms in the market index and
their exclusion from the potential sample in the initial event month can cause
the population mean CAR to depart from zero. The population mean CAR will
be positive if newly listed firms underperform market averages, while it will be
negative if newly listed firms outperform market averages. Ritter (1991) docu-
ments that firms that go public underperform an equally weighted market index.
It is likely that these firms are a significant portion of newly listed firms. Conse-
quently, over long horizons, we anticipate that the population mean for cumulative
abnormal returns will be positively biased. We refer to this bias as the new listing
bias.
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2.2. Buy-and-hold abnormal returns (BHARs)

As previously discussed, we favor the use of buy-and-hold abnormal returns
to cumulative abnormal returns on conceptual grounds. However, the use of buy-
and-hold abnormal returns suffers from three drawbacks.

As with cumulative abnormal returns, buy-and-hold abnormal returns are sub-
ject to the new listing bias. Since newly listed firms underperform market aver-
ages (Ritter, 1991), we anticipate that the new listing bias will lead to a positive
bias in the population mean of long-run buy-and-hold abnormal returns. In ad-
dition, long-run buy-and-hold abnormal returns are severely positively skewed.
It is common to observe a sample firm with an annual return in excess of 100%,
but uncommon to observe a return on the market index in excess of 100%. Since
abnormal returns are calculated as the sample firm return less the market return,
the abnormal returns are positively skewed.

For example, in the random sample of 200,000 annual buy-and-hold abnormal
returns previously described, the mean buy-and-hold abnormal return is —0.48%,
while the median is —7.23%. Furthermore, in this sample only 42% of all firms
have positive buy-and-hold abnormal returns. This positive skewness is less pro-
nounced in CARs because the monthly returns of sample firms are summed rather
than compounded. In the random sample of 200,000 12-month cumulative abnor-
mal returns, the mean cumulative abnormal return is 0.82%, while the median
is —0.99%. Approximately 49% of all firms have positive 12-month cumulative
abnormal returns, though as previously discussed a positive 12-month CAR is
not sufficient evidence to conclude that a firm has beaten the market.

Consider a test statistic calculated as the mean buy-and-hold abnormal return
of sample firms divided by the cross-sectional standard deviation of sample firms.
The positive skewness of buy-and-hold abnormal returns leads to a negative bias
in test statistics calculated in this manner. In short, the negative bias arises from
the positive correlation between sample means and sample standard deviations in
positively skewed distributions. The intuition of this result is as follows. Consider
a particular sample with a positive sample mean. Conditional on observing a
positive sample mean, it is more likely that this sample contains one of the
extreme positive observations. The extreme positive observation will lead to an
inflated estimate of the true standard deviation, resulting from the fact that the
extreme observations are overrepresented in the sample relative to the underlying
distribution. The inflated estimate of the cross-sectional standard deviation will
lead to a downwardly biased test statistic, conditional on observing a positive
sample mean.

Alternatively, consider a particular sample with a negative mean. It is likely
that this sample underrepresents the extreme positive observations. Since the ex-
treme positive observations are underrepresented in the sample, the estimated
cross-sectional standard deviation will be deflated relative to the true standard
deviation. The deflated estimate of the cross-sectional standard deviation will lead
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to a positively biased test statistic (in absolute value), conditional on observing
a negative sample mean.

To illustrate the impact of the correlation between sample means and sample
standard deviations on calculated test statistics, we conduct the following exper-
iment. We randomly draw 1,000 samples of 50 observations from a x* distribu-
tion with one degree of freedom. We choose the x? distribution for two reasons.
First, we know with certainty that the population mean for this distribution is
one.! Second, like the distribution of buy-and-hold abnormal returns, the 12 dis-
tribution is positively skewed with a skewness measure of 2.83. In the 1,000
samples, we reject the null hypothesis that the sample mean is equal to one (the
population mean) at the 5% theoretical significance level in favor of the alter-
native hypothesis that the sample mean is significantly less than one in 6.6% of
all samples and in favor of the alternative hypothesis that the sample mean is
significantly greater than one in no samples. We refer to this as the skewness bias.

Finally, when buy-and-hold abnormal returns are calculated using an equally
weighted market index, the long-run return on the index is compounded assuming
monthly rebalancing of all securities constituting the index. To maintain equal
weighting of all securities in the index, securities that have beaten market aver-
ages are sold, while those that have lagged market averages are purchased. This
rebalancing will lead to a bias in the population mean for buy-and-hold abnormal
returns if the consecutive monthly returns for individual securities are correlated.
As it turns out, this monthly rebalancing leads to an inflated return on the market
index and a negative bias in buy-and-hold abnormal returns.

For all NYSE/AMEX/NASDAQ securities from July 1963 through December
1994 Table 1 presents the percentage mean monthly returns in month ¢ for ten
portfolios formed on the basis of the mean monthly return in month ¢ — 1. The
last column of this table reveals that firms with high (low) returns in month
t — 1 experience low (high) returns in month ¢. Thus, the monthly rebalancing
implicitly assumed when compounding the equally weighted market return leads
to the purchase of firms that subsequently perform well (poor performers in month
t — 1) and the sale of firms that subsequently perform poorly (good performers
in month ¢ — 1). Consequently, relative to sample firms, the long-run return on
the equally weighted market index is inflated, leading to a negative bias in the
population mean for long-run buy-and-hold abnormal returns. We refer to this bias
as the rebaluncing bias. Canina, Michaely, Thaler, and Womack (1996) document
that the magnitude of the rebalancing bias is more pronounced when one uses
daily, rather than monthly, returns. (The rebalancing bias does not affect the

! Note that running this experiment on long-run buy-and-hold abnormal returns is problematic be-
cause the true population mean departs from zero for reasons discussed throughout this section.
Consequently, such an experiment is unable to isolate the impact of positive skewness on test statis-
tics. By analyzing a distribution for which we know the true population mean, we are able to isolate
the problem of positive skewness.
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Table 1
Percentage arithmetic mean monthly returns in months 7 and 7 — | of NYSE/AMEX/NASDAQ Firms
sorted into deciles on the basis of monthly return in ¢ — 1

In each month from July 1963 through December 1994 all firm-month returns are sorted into deciles

based on the return in month + — 1. The mean return for firms in each decile is then calculated in
month ¢.
Month ¢ — 1 (%) mean (%) mean
return decile return in 7 — 1 return in ¢
1 (Low) —-20.50 3.26
2 —10.08 1.54
3 —6.06 1.36
4 —3.30 1.31
5 —1.03 1.31
6 1.20 1.18
7 3.67 1.12
8 6.80 0.99
9 11.74 0.74
10 (High) 30.00 —0.15

calculation of cumulative abnormal returns, since the monthly returns of sample
firms and the index are both summed rather than compounded.)

These return reversals do not necessarily indicate a profitable trading strategy.
Assume that firms with high (low) returns in month s — 1 are more likely to
have a closing transaction at the posted ask (bid) price, but are equally likely
to have a closing transaction at the bid or ask price in period ¢. This bid-ask
bounce can at least partially explain the return reversals that we document. Blume
and Stambaugh (1983) analyze the effect of the bid—ask bounce on the small firm
premium. Conrad and Kaul (1993) and Ball, Kothari, and Wasley (1995) analyze
the implications for contrarian strategies. Roll (1983) also documents that even
absent the bid-ask bounce, nonsynchronous trading can lead to negative serial
dependence in returns.

In summary, cumulative abnormal returns are subject to a measurement bias, a
new listing bias, and a skewness bias, although we document that the skewness
bias is less severe for cumulative abnormal returns than for buy-and-hold abnor-
mal returns. Buy-and-hold abnormal returns are subject to a new listing bias, a
skewness bias, and a rebalancing bias.

2.3. Continuously compounded vs. simple returns

The empirical analysis in this paper is based on returns calculated as the change
in price plus dividends scaled by the beginning-of-period price, which we refer to
as the simple return. Continuously compounded returns yield inherently negatively
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biased estimates of long-run abnormal returns. The negative bias occurs because
there is considerable cross-sectional variation in the returns of common stocks.

Consider a market with two securities, A and B. Securities A and B earn
simple annual returns of 20% and 10%, respectively. An equally weighted in-
dex of the two securities earns a simple annual return of 15%. The buy-and-
hold abnormal returns for A and B are + 5% and — 5%, respectively, and the
mean abnormal return for the two securities is zero. In contrast, the continu-
ously compounded returns for securities A and B are 18.2% and 9.5%, while
the continuously compounded return on an equally weighted index is 14.0%.
Using continuously compounded returns to calculate abnormal returns yields an
abnormal return of +4.2% for A and —4.5% for B. The mean continuously
compounded abnormal return for the two securities is — 0.3%. In fact, only when
all securities that constitute an index have equal simple returns will the continu-
ously compounded abnormal returns across all securities sum to zero. Otherwise,
the mean continuously compounded abnormal return will be negative. For this
reason, we object to the use of continously compounded returns for analyzing
long-run return performance.

3. The returns data

In this section, we describe the data set that we use in our empirical analy-
sis and discuss alternatives to the use of an equally weighted market index for
calculating long-run abnormal stock returns.

3.1. Defining the population

Our analysis begins with all NYSE/AMEX/NASDAQ firms with available data
on the monthly return files created by CRSP. Between July 1963 and December
1994 there are 1,798,509 firm-month returns. We begin in July 1963 because
we require Compustat data on the book value of common equity, which is not
generally available prior to 1962. Since event studies of long-run returns focus
on the common stock performance of corporations we delete the firm-month
returns on securities identified by CRSP as other than ordinary common shares
{CRSP share codes 10 and 11). Thus, for example, we exclude from our analysis
returns on American Depository Receipts, closed-end funds, foreign-domiciled
firms, Primes and Scores, and real estate investment trusts.

Fama and French (1992) document that common stock returns are related
to firm size and book-to-market ratios. In developing a test to detect long-run
abnormal stock returns, we anticipate that it will be important to control for firm
size and book-to-market ratios. As in Fama and French (1992, 1993), we measure
firm size in June of each year as the market value of common equity (shares
outstanding multiplied by June closing price). Size rankings based on market






