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Tiivistelmä  

Osakemarkkinoiden pitkän aikavälin (1–5 vuotta) event-tutkimuksen menetelmälli-
sessä kehityksessä on tapahtunut vuosien kuluessa merkittävää edistystä. Kuitenkaan 
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ta tällä alalla. 

Väitöskirjassa esitetään menetelmä, joka parantaa kalenteriakaan perustuvassa portfo-
liomenetelmässä olevia puutteita. Ehdotettu lähestymistapa, joka tunnetaan myös 
nimellä standardoitu kalenteriaika (standardized calendar time approach, SCTA), 
nojautuu kahteen osatekijään: event-yrityksen standardoitu tuotto ja painotettu kalen-
terikuukauden portfolio. Standardointi vähentää volatiilisten osakkeiden painoarvoa 
ja kuukausittainen painotus korostaa ajanjaksoja joissa on useita tapahtumia (events). 

Ehdotetun lähestymistavan robustisuuden tutkimiseksi tuloksia verrataan traditionaa-
lisiin BHAR ja CTP menetelmien tuloksiin. Tutkimuksessa hyödynnetään Yhdysval-
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kaampi kuin edellä mainitut BHAR ja CTP menetelmät. Samalla tutkimus osoittaa 
myös, että ehdotettu menetelmä toimii hyvin Yhdysvaltojen markkina-aineiston li-
säksi myös Aasian ja Englannin markkinoihin perustuvilla aineistoilla. 
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Abstract 

Although long-run event studies have seen many advances over the years, the 
proper methodology for measuring the stock price performance of firms for peri-
ods of one to five years following certain corporate events is much debated in the 
literature. While a large number of recent studies consider applying the buy-and-
hold abnormal return (BHAR) approach and the calendar time portfolio (CTP) 
method for investigating long-term anomalies, each of the methods is a subject to 
criticisms. A fundamental choice for many recent studies, therefore, concerns the 
measure of long-run stock price performance.  

The purpose of the present dissertation is to propose a refined calendar time ap-
proach to moderate such pitfalls to some extent. The proposed calendar time 
portfolio approach, also known as standardized calendar time approach (SCTA), 
consists of two major components: standardization of event firms' abnormal re-
turns and weighting the monthly portfolios. While standardizing diminishes the 
effect of event firms having volatile future returns, weighting allows monthly 
portfolios containing more event firms to receive more weight.  

In order to investigate the robustness of the proposed approach, the results from 
BHAR methodology and other traditional CTP methods are also reported. The 
study utilizes the U.S., the U.K. and the leading Asia-Pacific security market 
data. Simulations show that SCTA documents better specification and power 
than the conventional long-run event study methodologies. However, the find-
ings further conclude that in addition to the U.S. stock market, the event study 
methodologies considered perform well in Asia-Pacific and the U.K. security 
markets as well. 
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Long-run Event Studies, Standardized abnormal returns, Corporate Events, Test specifi-
cation, Power of test. 
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1 INTRODUCTION 

Since the seminal paper of Fama, Fisher, Jensen and Roll (1969) in the late 1960s, 
the event study methodology has become an important tool of testing market effi-
ciency. Such methodology is employed for the purpose of analyzing the stock 
market responses to certain corporate events such as mergers and acquisitions, 
IPOs, stock split etc. That is, event studies are empirical procedures for investi-
gating the effect of an event on stock returns. However, typical events are of two 
types: Firm-specific events and Economy-wide events. Firm-specific events usu-
ally indicate a change in the company policy. Examples of such events include 
earnings, investment, mergers and acquisitions, issues of new debt or equity, 
stock splits, etc. announcements. Economy-wide events, on the other hand, are 
used to assess the impact of a particular event on relevant securities. This type of 
events includes inflation, interest rate, consumer confidence, trade deficient, etc. 
announcements. 

In event studies, the data to be analyzed can be daily, weekly, monthly, or annual-
ly. While the earlier studies in financial economics such as Brown and Warner 
(1980, 1985), Corrado (1989), Campbell and Wasley (1993), Kolari and Pynnö-
nen (2011) etc. focus on the characteristics of abnormal returns measured on a 
particular day or, at the most cumulated over several months, a large number of 
recent studies investigate the stock price performance of firms for periods of one 
to five years following significant corporate events. The extensive literature of 
long-horizon event studies includes Barber and Lyon (1997), Kothari and Warner 
(1997), Fama (1998), Lyon, Barber, and Tsai (1999), Mitchell and Stafford 
(2000), Boehme and Sorescu (2002) and so on. 

Although long-run event studies have a long history, serious limitations still exist. 
Kothari and Warner (1997), for example, document that while short-horizon 
methods are quite reliable, inferences from long-horizon tests require extreme 
caution. Lyon et al. (1999) also conclude that the analysis of long-run abnormal 
performance is treacherous. Short-run event studies, on the other hand, are rela-
tively stable and free of limitations. For instance, Fama (1991) report that short-
horizon tests represent the cleanest evidence we have on efficiency, but the inter-
pretation of long-horizon results is problematic. Further filtering of the existing 
long-run methodologies (e.g., the buy-and-hold abnormal return methodology and 
the calendar time portfolio approach) is thus required.  

The objective of this dissertation is to propose a refined calendar time approach to 
mitigate such limitations to some extent. Our proposed calendar time portfolio 
(CTP) approach has two major components: standardization of event firms' ab-
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normal returns and weighting the monthly portfolios. While standardizing dimin-
ishes the impact of event firms having volatile future returns, weighting allows 
monthly portfolios containing more event firms to receive more weight. Simula-
tions reveal that these two innovations document better specification and power 
than the conventional long-run event study methodologies. 

The rest of this Introductory chapter is structured as follows. The next section 
outlines the event study methodology. The existing literature of event studies is 
then reviewed. Our proposed approach has been discussed in the last section. 

1.1 Event study methodology 

This section discusses the methodological issues of event study. Campbell, Lo 
and MacKinlay (1997) outline the following steps for a typical event study. 

Event Definition and Event Window 

The initial task of conducting an event study is to define the event of interest (e.g., 
the announcement of quarterly earnings for a firm) and identify the period over 
which the prices of the relevant financial instruments will be examined. This pe-
riod is called the event window. The choice of event window is somewhat arbi-
trary and there does not appear to be any sound empirical basis for choosing a 
particular time period around an event. It is a matter for judgment for the re-
searcher.  

Selection Criteria 

The next step is to determine the selection criteria for the firms to be included in 
the study. Suggested approaches are to look at firms only on major exchanges 
with frequent trading. Also, there may be a need to exclude firms with more than 
one event over the periods of the event window. This is necessary if one cannot 
determine which event is driving the returns of the stock. 

Normal and Abnormal Returns 

In order to assess the event's impact, a measure of abnormal returns is required. 
The normal return is the return that would be expected if the event did not take 
place. For each firm i, the abnormal return at at time i is calculated as follows: 
 

𝐴𝐴𝑖𝑖 = 𝑅𝑖𝑖 − 𝐸(𝑅𝑖𝑖) 
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where 𝐴𝐴𝑖𝑖, 𝑅𝑖𝑖 and 𝐸(𝑅𝑖𝑖) indicate abnormal, actual and normal returns respec-
tively. In the following sections, we discuss different methodologies to determine 
the normal or expected return. 

Measuring Normal Performance 

Models and methods used for measuring normal performance are as follows: 

(i) Constant Mean-Return Model 

The mean return model assumes that the mean of the stock's return over the event 
window is expected to be the same as the mean over the estimation period. The 
abnormal return using this model is 

𝐴𝐴𝑖𝑖 = 𝑅𝑖𝑖 − 𝜇𝑖, 

where 𝑅𝑖𝑖 denotes the return of stock i at time t and 𝜇𝑖 is the mean return of stock 
i over the period.  

Although this is the simplest model for measuring normal returns, it becomes 
problematic if the firms in the sample of event firms cluster in time. Another 
problem related to the mean-return model is that it does not respond well when 
the market trends up or down. In such cases, the estimates will also trend up or 
down, but those conditions may not exist during the event window. This model, 
however, also does not respond well when certain industries experience uncer-
tainty and significant variation in returns. 

(ii) Market Model 

The market model represents a potential improvement over the constant-mean-
return model. By removing the portion of the return that is related to variation in 
the market's return, the variance of the abnormal return is reduced. The abnormal 
return using the market model is 

𝐴𝑅𝑖𝑖 = 𝑅𝑖𝑖 − 𝛼𝑖 − 𝛽𝑖𝑅𝑚𝑚, 

where 𝑅𝑚𝑚 is the market return at time t and 𝛼 and 𝛽 are the market model pa-
rameters.  

Problems occur with the market model when the event dates for the firms in the 
sample occur around the same period (clustering problem). Otherwise, this meth-
od is as efficient as more advanced methods are. 

(iii) Capital Asset Pricing Model (CAPM) 
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The abnormal return using the Capital Asset Pricing Model (CAPM) is  

𝐴𝐴𝑖𝑖 = 𝑅𝑖𝑖 − 𝑅𝑓𝑓 − 𝛽𝑖(𝑅𝑚𝑚 − 𝑅𝑓𝑓), 

where 𝑅𝑓𝑓 is the risk free rate and 𝛽𝑖 is the slope parameter of the CAPM model. 

(iv) Fama-French Three-Factor Model 

Using the three-factor model, proposed by Fama and French (1993), the abnormal 
return is 

𝐴𝐴𝑖𝑖 = 𝑅𝑖𝑖 − 𝑅𝑓𝑓 − 𝛽𝑖1(𝑅𝑚𝑚 − 𝑅𝑓𝑓) − 𝛽𝑖2𝑆𝑆𝑆𝑡 − 𝛽𝑖3𝐻𝐻𝐻𝑡, 

where 𝑅𝑓𝑓 is the risk-free rate, 𝑅𝑚𝑚 − 𝑅𝑓𝑓 is the excess return of the market, SMB 
is the difference between the return on the portfolio of small stocks and big 
stocks, HML is the difference between the return on the portfolio of high and low 
book-to-market stocks, and the 𝛽's are the slope parameters.  

(v) Carhart Four-Factor Model 

Carhart (1997) extends the Fama-French three-factor model to include the mo-
mentum factor. The abnormal return using this model is 

𝐴𝐴𝑖𝑖 = 𝑅𝑖𝑖 − 𝑅𝑓𝑓 − 𝛽𝑖1(𝑅𝑚𝑚 − 𝑅𝑓𝑓) − 𝛽𝑖2𝑆𝑆𝑆𝑡 − 𝛽𝑖3𝐻𝐻𝐻𝑡 − 𝛽𝑖4𝑈𝑈𝑈𝑡, 

where UMD is the difference between returns of winners and losers. However, 
this model is not able to explain the anomalies of small firms.  

(vi) Reference Portfolio Method 

Lyon et al. (1999) report that the calendar-time portfolio methods based on refer-
ence-portfolio abnormal returns generally dominate those based on asset pricing 
models (e.g., Fama-French three-factor model) for two reasons. First, the three-
factor model implicitly assumes linearity in the constructed market, size, and 
book-to-market factors. But Lyon et al. find that this assumption is unlikely to be 
the case for the size and book-to-market factors. Second, while the Fama- French 
three-factor model assumes there is no interaction between the three factors, Lyon 
et al. document that this assumption is also likely violated because the relation 
between book-to-market ratio and returns is most pronounced for small firms. 
Later, Loughran and Ritter (2000) also argue that the three-factor model is not an 
equilibrium model since it only detects anomalies in financial markets and fails to 
test market efficiency. Barber and Lyon (1997) and Lyon et al. (1999), therefore, 
employ characteristics-based reference portfolios to measure the abnormal per-
formance. These studies construct reference portfolios on the basis of market val-
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ue and book-to-market ratio. However, although the use of reference portfolios 
alleviates the problem of new listing and re-balancing biases, the skewness bias 
still remains.  

(vii) Control Firm Approach 

In this approach, sample firms are matched to a control firm on the basis of speci-
fied firm characteristics such as market value, book-to-market ratio etc. Barber 
and Lyon (1997) and Lyon et al. (1999) prefer control firm approach to reference 
portfolio approach as the former mitigates the new listing, re-balancing and 
skewness biases. The new listing bias is eliminated as both the sample and control 
firms are listed in the identified month. The re-balancing bias is also eliminated 
since both sample and control firm returns are computed without re-balancing. 
Finally, employing the control firm approach alleviates the skewness problem 
since the sample and control firms are equally likely to experience large positive 
returns. However, Lyon et al. (1999) report that standard tests based on the con-
trol firm approach are not as powerful as those based on the reference portfolio 
approach. 

Testing Procedure 

Two commonly used approaches for testing the null hypothesis of no abnormal 
performance are parametric tests and nonparametric tests. While parametric tests 
require a specific distributional assumption, nonparametric tests refer to as distri-
bution-free tests. Although a number of event studies rely on parametric test sta-
tistics, Brown and Warner (1985) report that stock prices are not normally dis-
tributed. Consequently, when this assumption of normality is violated, parametric 
tests are not well-specified. Non-parametric tests, on the other hand, are well-
specified and more powerful at detecting a false null hypothesis of no abnormal 
returns. The most successful among these tests are the nonparametric sign and 
rank tests advanced in Corrado (1989), Zivney and Thompson (1989), and Cor-
rado and Zivney (1992). Well-known studies of this type are Cowan (1992), 
Campbell and Wasley (1993), and Corrado and Truong (2008). Each of these 
studies reports that sign and rank tests provide better specification and power than 
parametric tests. Kolari and Pynnönen (2011) recently develop a generalized rank 
test which is robust and documents superior empirical power relative to popular 
parametric tests. Detailed discussions on these event study tests can be found in 
the 1st article of the current dissertation.  
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Empirical Results 

The presentation of the empirical results follows the formulation of the economet-
rical design. In addition to presenting the basic empirical results, the presentation 
of diagnostics can be fruitful. Occasionally, especially in studies with a limited 
number of event observations, the empirical results can be heavily influenced by 
one or two firms. Knowledge of this is crucial for gauging the importance of the 
results. 

Interpretation and Conclusions 

Ideally the empirical results will lead to insights about the mechanisms by which 
the event affects security prices. Additional analysis may be included to distin-
guish between competing explanations. 

1. 2 Literature Review 

While short-run event study methods are relatively straightforward and reliable 
(Fama, 1991) the proper methodology for measuring long-run abnormal stock 
returns is still much debated in the literature. Financial economists are always in 
search of the appropriate measure of long-run abnormal stock returns and the ap-
propriate statistical methodology for testing the significance of any measured ab-
normal performance. Kothari and Warner (2007), for instance, argue that the 
question of which model of expected returns is correct remains an unresolved 
issue. Fama (1998) also concludes that not a single model for expected returns 
can present a complete description of the systematic patterns in average returns. 

However, beginning with Ritter (1991), the most popular estimator of long-run 
abnormal performance is the mean buy-and-hold abnormal return (BHAR).  
Mitchell and Stafford (2000) define BHARs as the average multiyear return from 
a strategy of investing in all firms that complete an event and selling at the end of 
a prespecified holding period versus a comparable strategy using otherwise simi-
lar nonevent firms. An appealing feature of using BHAR is that buy-and-hold 
returns better resemble investors actual investment experience than periodic 
(monthly) re-balancing entailed in other approaches to measuring risk-adjusted 
performance. 

Fama (1998), however, argues against the BHAR methodology because of the 
statistical problems associated with the use of the BHAR and the associated test 
statistics. In addition, any methodology ignoring the cross-sectional dependence 
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of event-firm abnormal returns that do overlap in calendar time is likely to pro-
duce overstated test statistics. Eckbo et al. (2000) also argue against the applica-
tion of buy-and-hold abnormal return method. They document that the BHAR 
methodology is not a feasible portfolio strategy because the total number of 
stocks is not known in advance. Later, Jegadeesh and Karceski (2009) criticize 
the BHAR approach arguing that it assumes the cross-sectional independence of 
abnormal returns, while such assumption is violated in nonrandom samples, 
where the event firm returns are positively correlated. 

Barber and Lyon (1997) and Lyon et al. (1999) identify new listing, re-balancing, 
and skewness biases with inference in long-run event studies using the BHAR. 
They use simulations to investigate the impact of these biases on inference when 
BHAR is exercised to measure the abnormal performance and standard tests are 
applied. However, in case of using a reference portfolio to capture expected re-
turn, the new listing and rebalancing biases can be addressed in a relatively sim-
ple way by careful construction of the reference portfolio [see Lyon et al. (1999)]. 

Unfortunately, the use of a reference portfolio to capture the expected return gives 
rise to the skewness bias. This bias arises due to the fact that the long-run return 
of a portfolio is compared with the long-run return of an individual asset. The 
long-run return of an individual security is highly skewed; whereas the long-run 
return for a reference portfolio (due to diversification) is not. Consequently, the 
BHAR, the difference between these returns, is also skewed. Barber and Lyon 
(1997) report that since BHAR is positively skewed, its use causes the standard 
tests to have the wrong size and causes the power of the test to be asymmetric; 
rejection rates are far higher when induced abnormal returns are negative than 
when they are positive. 

To avoid the skewness bias, a control firm rather than a reference portfolio can be 
used as the long-run return benchmark. BHAR is then measured as the difference 
between the long-run holding-period returns of the event firm's equity and that of 
a control firm. Although the distribution of each asset's holding-period return is 
highly skewed, the distribution of their difference is not. As a result, standard 
statistical tests based on the control firm approach have the right size in random 
samples. 

However, standard tests based on the control firm approach are not as powerful as 
those based on the reference portfolio approach. Lyon et al. (1999), for instance, 
argue that the use of a control firm is a noisier way to control for expected returns 
than is the use of a reference portfolio and this added noise reduces the power of 
the test. The variance of the difference between the returns on two individual as-
sets is generally much higher than the variance of the difference between the re-
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turn of an asset and that of a portfolio, even when the control firm is chosen care-
fully. Powerful tests thus require very large samples when control firm approach 
is applied. 

To deal with the power and specification issues, Lyon et al. (1999) discuss two 
modes to modify the reference portfolio approach for fixing the associated size 
problem. The first of these two ways refers to the use of p-values generated from 
the empirical distribution of long-run abnormal returns, while the other suggests 
the use of skewness-adjusted t-statistics. Such methods, combined with careful 
construction of reference portfolios to remove the rebalancing and new listing 
biases, solve the size problem in random samples. However, Lyon, Barber, and 
Tsai observe that these corrections do not produce well-specified tests in many of 
the non-random samples considered in their study. In non-random samples the use 
of a standard reference portfolio approach often fails to match the expected return 
of the event firm with the expected return of the reference portfolio resulting in a 
misspecified test. Furthermore, when the return on a diversified portfolio is em-
ployed to capture expected returns, there is no offset of any contemporaneous 
correlation of idiosyncratic returns that may exist across firms. This problem is 
likely to be heightened when the events get highly clustered in time. Fama (1998) 
strongly recommends the use of CTP methodology on the grounds that monthly 
returns are less susceptible to the bad model problem as they are less skewed and 
by forming monthly calendar time portfolios, all cross-correlations of event-firm 
abnormal returns are automatically accounted for in the portfolio variance. Fama 
also documents that the distribution of this estimator is better approximated by the 
normal distribution, allowing for classical statistical inference. Mitchell and Staf-
ford (2000), like Fama (1998), also prefer the CTP approach to BHAR methodol-
ogy as the latter assumes independence of multi-year event firm abnormal returns. 

While many recent studies strongly advocate the CTP approach, it has a number 
of potential pitfalls. Loughran and Ritter (2000), for example, criticize the use of 
calendar time approach arguing that it gives equal weight to each month, regard-
less of whether the month has heavy or light event activities. They conclude that 
the calendar time portfolio regressions have low power to identify the abnormal 
performance because it averages over months of ‘hot’ and ‘cold’ event activity. 
Lyon et al. (1999), however, claim that the CTP approach is misspecified in non-
random samples, while the BHAR approach is relatively robust. 

The bottom line is that despite these positive developments in long-run event 
study methodology, the power and specification issues still remain unsolved and 
further refinement of the existing methods is required for solving these issues. 
Kothari and Warner (2007), for instance, conclude that whether calendar time, 
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BHAR methods or some combination can best address long-horizon issues re-
mains an open question. 

In this study, we propose to refine the traditional calendar time portfolio approach 
in order to deal with the ongoing debates discussed in prior literature. To serve 
this purpose, a variant of calendar time method is proposed where we first stand-
ardize the abnormal returns for each of the event firms in the sample and then 
construct the monthly portfolios. However, we also propose to weight the month-
ly portfolios such that periods of heavy event activity receive more weight than 
periods of low event activity. In addition to the U.S. stock market, we also ana-
lyze the data from the UK stock market and a number major Asia-Pacific security 
markets. Simulations show that our proposed approach is robust in each of the 
security markets considered. 

1.3  Standardized Calendar Time Approach (SCTA) 

While analyzing the stock returns after certain corporate events, a number of 
firms in the sample often produce volatile returns. Because of this volatility, the 
distributions of stock returns tend to have fat tails. But one possible solution to 
this problem is standardizing the abnormal returns by their volatility measures. 
This helps improve the testing power. Previous empirical studies, for example, 
Patell (1976) and Kolari and Pynnönen (2010) also argue that short-run tests us-
ing standardized returns document better power than those based on unstandard-
ized returns. However, employing standardized abnormal returns is well-
documented in long-run event studies as well. For example, Jaffe (1974) and 
Mandelker (1974) use standardized portfolio returns for assessing the long-run 
abnormal performance. Later, Mitchell and Stafford (2000) use standardized ab-
normal returns to alleviate the heteroskedasticity problem that often occurs in 
CTP approach due to the varying portfolio construction. 

In our proposed standardized calendar time methodology, we use standardized 
abnormal returns to compute the calendar time abnormal returns (CTARs). Under 
the standardization approach, if an event firm has very volatile future returns, its 
impact on the overall portfolio return series is diminished. This improves the 
power of the test. The whole procedure of standardization is done in two steps. 
The first step involves the calculation of standardized abnormal returns for each 
of the sample firms. In doing so, the abnormal returns for firm i are computed as 
𝜀𝑖𝑖 = 𝑟𝑖𝑡 − 𝐸(𝑟𝑖𝑖); 𝑡 = 1, … ,𝐻, where 𝑟𝑖𝑖 denotes the log return on event firm i in 
the calendar month t and 𝐸(𝑟𝑖𝑖) is the expected return which is proxied by 
size/book-to-market reference portfolios and size/book-to-market matched control 
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firm and H is the holding period which equals 12, 36 or 60 months. The next task 
is to estimate the event-portfolio residual variances using the H-month residuals 
computed as monthly differences of i-th event firm returns and control firm re-
turns. Dividing 𝜀𝑖𝑖 by the estimate of its standard deviation yields the correspond-
ing standardized abnormal return, say, 𝑧𝑖𝑖, for event firm i in month t. Now let 𝑁𝑡 
refer to the number of event firms in the calendar month t. We then calculate the 
calendar time abnormal return for portfolio t as: 

 𝐶𝐶𝐶𝐶𝑡 = ∑ 𝑥𝑖𝑖𝑧𝑖𝑖
𝑁𝑡
𝑖=1 ,                                              (1) 

where the weight 𝑥𝑖𝑖 equals 1
𝑁𝑡

 when the abnormal returns are equally-weighted 

and 𝑀𝑀𝑖𝑖∑𝑀𝑀𝑖𝑖
 when the abnormal returns are value-weighted by size. 

We propose to weight each of the monthly CTARs by 1 ��∑ 𝑥𝑖𝑖2
𝑁𝑡
𝑖=1 �� . For in-

stance, when the abnormal returns are equally weighted i.e., when 𝑥𝑖𝑖 = 1
𝑁𝑡

, then 

1 ��∑ 𝑥𝑖𝑖2
𝑁𝑡
𝑖=1 �� = �𝑁𝑡. This weighting scheme is lucrative as it gives more load-

ings to periods of heavy event activity than the periods of low event activity. Now 
the grand mean monthly abnormal return, denoted by 𝐶𝐶𝐶𝐶��������, is calculated as: 

 𝐶𝐶𝐶𝐶�������� = 1
𝑇
∑ 𝐶𝐶𝐶𝐶𝑡𝑇
𝑡=1                                             (2)  

While finding 𝐶𝐶𝐶𝐶��������, it might be the case that a number of portfolios do not con-
tain any event firm. In such situations, those months are dropped from the analy-
sis. To test the null hypothesis of no abnormal performance, the t-statistic of 
𝐶𝐶𝐶𝐶�������� is computed by using the intertemporal standard deviation of the monthly 
CTARs defined in equation (1).  
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2 SUMMARY OF THE ESSAYS 

2.1 Parametric and Nonparametric Event Study Tests: A 
Review 

The objective of this paper is to review the existing methodologies for measuring 
short-run abnormal performance of firms following certain corporate events. In 
doing so, the study outlines standard parametric tests, Generalized Sign Test, 
Wilcoxon Signed-Rank Test and Corrado's Rank Test (1989) in details. Recent 
developments in non-parametric event study tests are also discussed. For exam-
ple, Kolari and Pynnönen (2011) recently introduce a generalized rank test based 
on generalized standardized abnormal returns which is used to test both single 
abnormal returns and cumulative abnormal returns. Reviewing the prior literature 
reveals that the nonparametric sign and rank tests are better specified than para-
metric procedures. However, in case of detecting the short-run anomalies, we 
document that nonparametric approaches have superior power relative to standard 
parametric tests. 

2.2 Improved Calendar Time Approach for Measuring 
Long-Run Anomalies 

The proper methodology for analyzing the long-term return anomalies has been 
much debated in the literature. Although a large number of event studies have 
employed the BHAR methodology and the calendar time portfolio approach for 
investigating the long-run abnormal performance, each method has potential pit-
falls. For example, Mitchell and Stafford (2000) argue against using the BHAR 
methodology as it assumes event-firm abnormal returns to be independent. They, 
like Fama (1998), strongly advocate the use of CTP approach. Loughran and Rit-
ter (2000), however, report that the calendar time portfolio approach weights each 
month equally so that months that reflect heavy event activity are treated the same 
as months with low activity. Thus the CTP approach may fail to detect significant 
abnormal returns if abnormal performance primarily exists in months of heavy 
event activity. Lyon et al. (1999), however, claim that the CTP approach is mis-
specified in nonrandom samples, while the BHAR approach is relatively robust. 
This paper proposes a modified calendar time portfolio approach which has two 
major components: standardization of event firms’ abnormal returns and 
weighting the monthly portfolios. While standardizing diminishes the impact of 
event firms having volatile future returns, weighting allows monthly portfolios 
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containing more event firms to receive more weight. The empirical analysis 
shows that these two innovations improve the size and power properties of statis-
tical tests used in long-run event studies. 

2.3 Does Calendar Time Portfolio Approach Really Lack 
Power? 

Although long-run event study methodologies have seen many advances over the 
years, very few studies focus on the power issue. In order to extend the limited 
literature, the present study aims to compare the power of alternative methodolo-
gies. To be more specific, this paper investigates whether the calendar time meth-
odology lacks power in detecting the long-run abnormal performance. In addition, 
the study uses a modified calendar time approach by forming the monthly portfo-
lios in a variant way. To assess the robustness of this refined method, the results 
from buy-and-hold abnormal return approach and the mean monthly calendar 
time abnormal return methodology are also documented. Simulations show that 
the modified calendar time approach improves the power in random samples and 
in samples with calendar clustering. 

2.4 Investigating Long-Run Stock Returns after 
Corporate Events: the UK Evidence 

This paper investigates the robustness of existing long-run event study methodol-
ogies using the UK security market data. In doing so, the study employs the buy-
and-hold abnormal return approach and the calendar time portfolio method to 
identify the long-term abnormal performance following corporate events. Alt-
hough many recent studies consider the application of these two widely used ap-
proaches, each of the methods is a subject to criticisms. This paper uses the stand-
ardized calendar time approach (SCTA) of Dutta (2014a) which presents a num-
ber of significant improvements over the traditional calendar time methodology. 
The simulated results reveal that all the traditional methodologies perform well in 
the UK stock market. Our findings further report that SCTA documents better 
specification and power than the conventional approaches. 
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2.5 Conducting Long-Run Event Studies in Asia-Pacific 
Security Markets 

The main purpose of this study is to check the robustness of existing long-run 
event study methodologies in the leading Asia-Pacific stock markets. To serve 
this purpose, the study employs the buy-and-hold abnormal return approach and 
the mean monthly calendar time abnormal return method to measure the return 
anomalies. However, we also consider the application of standardized calendar 
time approach (SCTA) of Dutta (2014b) as an alternative methodology. To meas-
ure the abnormal performance of the sample firms, both control firm approach 
and reference portfolio approach have been adopted. Our empirical analysis indi-
cates that the traditional methods are found to be effective in leading Asia-Pacific 
security markets. We further document that test statistics based on SCTA are gen-
erally well-specified in all types of nonrandom samples considered. The BHAR 
approach, on the other hand, yields reasonably well-specified test statistics only 
when the control firm approach is employed. In addition, simulations show that 
the mean monthly calendar time abnormal return methodology performs well 
when the abnormal returns are calculated using the control firm approach. We, 
therefore, advocate the use of control firm method for measuring the long-run 
abnormal performance of event firms. However, in case of detecting the abnormal 
performance, SCTA documents higher power than other empirical procedures 
used in this study. 
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Abstract 
This paper presents a modest attempt to review the existing methodologies for measuring short-run abnormal 
performance of firms following certain corporate events. In doing so, the study discusses different parametric as 
well as nonparametric testing procedures available in the literature. Reviewing the prior literature reveals that the 
nonparametric sign and rank tests are better specified than parametric procedures. However, in case of detecting 
the short-run anomalies, we document that nonparametric tests have higher power relative to standard parametric 
approaches.  
Keywords: event study, short-run anomalies, sign test, rank test 
1. Introduction 
An event study is an empirical procedure that measures the effect of new information on the price of an asset, i.e. 
an event study is concerned with the impact of an event on the market prices of a company's publicly traded 
securities. In particular, researchers are concerned with the hypothesis that an event will have impact on the value 
of a firm or firms, and that this impact will be reflected on the stock and other security prices, manifesting itself in 
abnormal security returns. For instance, an event study might be conducted for the purpose of determining the 
impact of corporate earnings announcements on the stock price of the company. 
The event study methodology is widely used in finance, accounting and economics. Many types of events are 
studied with event studies. Such events may include takeover announcements, environmental regulation 
enactments, patent filing announcements, competitor bankruptcy announcements, CEO resignation 
announcements, etc. Event studies are employed to measure market efficiency and to determine the impact of a 
given event on security prices. Such methodology refers to the set of econometric techniques used to measure and 
interpret the effects of an event on the value of a firm. 
It is a difficult task to determine how many event studies have been published so far. Kothari and Warner (2007), 
for example, report that the number of published papers that deal with the event study methodology easily exceeds 
500 and continues to grow. Although there have been many advances in this methodology over the years, the core 
elements of a typical event study can be found in two landmark papers by Ball and Brown (1968) and Fama, Fisher, 
Jensen, and Roll (1969) (henceforth FFJR).  
The prime objective of this paper is to highlight the important parametric and nonparametric tests used in short-run 
event study methodology. To serve this purpose, we first review the existing literature of short-run event studies 
and then try to compare standard parametric tests with different nonparametric approaches available in the 
literature. Reviewing a large number of elementary studies suggests that the nonparametric sign and rank tests 
provide better specification and power than standard parametric approaches in detecting the abnormal 
performance. 
The rest of the paper is organized as follows: Section 2 reviews the existing literature and reports the significant 
developments in the event study methodology. Parametric as well as nonparametric event study tests are discussed 
in Section 3. Section 4 outlines some recent developments in nonparametric approaches. Section 5 concludes. 
2. Literature Review 
Although the core elements of a typical event study are extensively summarized by Ball and Brown (1968) and 
FFJR, these papers are not the first that portray event studies. MacKinlay (1997) reports an early event study by 
Dolley (1933) which examines the stock price reaction to stock splits by studying nominal price changes at the 
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time of the split. Using a sample of 95 splits from 1921 to 1931, Dolley finds that the price increased in 57 of the 
cases and the price declined in only 26 instances.  
In the late 1960s, Ball and Brown (1968) and FFJR introduced the methodology that is essentially equivalent to 
that which is in use today. Ball and Brown (1968) conclude that annual accounting income data contains 
information that is related to stock prices. They found that income forecast errors, which are measured by the 
difference between announced and expected accounting earnings, have a positive impact on the abnormal 
performance index around the annual report announcement date. 
FFJR also note that stock prices appear to adjust to new information. Stock splits generally occur following periods 
when stock prices significantly increase relative to the market. They found that, after a split announcement, stock 
prices seem to quickly reflect all available information and do not generate any abnormal returns. The results 
demonstrate the efficiency of the capital market. 
Since these pioneering studies, numerous modifications have been developed in order to investigate the impact of 
a number of potential problems of concern in the literature which include non-normality of returns and excess 
returns, bias in OLS estimates of market model parameters in the presence of non-synchronous trading and 
estimation of the variance to be used in hypothesis tests concerning the mean excess return. Brown and Warner 
(1980, 1985) deal with the practical importance of these complications. In the 1980 paper, they consider 
implementation issues for data sampled at a monthly interval, while the 1985 paper deals with issues for daily data. 
However, the issue of event-induced volatility has been a source of concern in the literature for some time. Brown 
and Warner (1980, 1985) report that increases in variance may result in misspecification of the traditional test 
statistics and that the power of tests can be improved by appropriately modeling the volatility process. Other 
studies such as Aktas et al. (2007), Harrington and Shrider (2007) and Higgins and Peterson (1998) also document 
that all events induce an increase in cross-sectional variance that must be estimated and adjustments embodied in 
all tests used to assess the statistical significance of event date abnormal returns. Boehmer, Musumeci, and Poulsen 
(BMP) (1991) argue that the event-period returns should be standardized by the estimation-period standard 
deviation, and the cross-sectional mean of the standardized returns needs to be divided by their cross-sectional 
standard deviation to yield the test statistic. BMP approach implicitly assumes that the event-induced variance is 
the same for all securities in the sample. Corrado (1989) introduces the nonparametric rank test to deal with the 
issue of event-induced variance. Simulations show higher power of the rank test relative to the traditional tests. 
Simulations in BMP approach also confirm the same. 
In traditional event study methodology, however, it is assumed that the abnormal returns are cross-sectionally 
uncorrelated. This assumption is valid when the event day is not common to the firms. Brown and Warner (1980, 
1985) show that even when the event day is common for the firms which are not from the same industry, use of the 
market model to derive the abnormal return reduces the inter-correlations virtually to zero. But, if the firms are 
from the same industry, extracting market factor may not reduce the cross-sectional residual correlation. 
Consequently, using the traditional standardized return test statistics, even moderate cross-sectional correlation in 
an event study causes substantial over-rejection of the null hypothesis of no abnormal performance. Kolari and 
Pynnönen (2010) propose simple corrections to the popular Patell (1976) and Boehmer, Musumeci, and Poulsen 
(1991) statistics to account for the correlation. They show that, when there is no event-induced volatility increase, 
each of these corrected test statistics is approximately equally powerful and rejects the null hypothesis of no 
abnormal performance at the correct nominal rate when it is true. 
3. Event Study Tests  
A number of event studies rely on parametric test statistics. But, one disadvantage of using parametric test statistics 
is that they do require essential assumptions about the probability distribution of returns. Brown and Warner (1985) 
report that stock prices are not normally distributed. Consequently, when this assumption of normality is violated, 
parametric tests yield misspecified test statistics.  
Non-parametric tests, on the other hand, are well-specified and more powerful at detecting a false null hypothesis 
of no abnormal returns. The most successful among these tests were the nonparametric sign and rank tests 
advanced in Corrado (1989), Zivney and Thompson (1989), and Corrado and Zivney (1992). Well-known studies 
of this type are Cowan (1992), Campbell and Wasley (1993, 1996), and Corrado and Truong (2008). Each of these 
studies documents that sign and rank tests provide better specification and power than parametric tests. 
In this section, we review different types of nonparametric event study tests available in the literature. In doing so, 
we first discuss standard parametric procedures for testing the null of no abnormal performance. Reviewing 
nonparametric tests will follow.  
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3.1 T-Test-Mean Excess Returns 
Let     denote the abnormal return of security i on day t, i.e.,          (   ), where     represents the return of 
security i on day t and  (   ) indicates the expected return generated by a particular benchmark model. Also let 
t=0 be the event date. Now for each day t, the cross-sectional average excess return of N securities is calculated as: 

    
 
 ∑   

 

   
 

The day 0 test statistic is then given by:  

𝐽𝐽  
 0̅

𝑆𝑆( )̅ 

with 𝑆𝑆( )̅ being an estimate of standard deviation of the average abnormal returns. 
3.2 T-Test-Mean Standardized Excess Returns 
In this case, each     is divided by its estimated standard deviation to produce a standardized excess return 
computed as: 

   ′  
   

𝑆𝑆(  )
 

Then the day 0 test statistic is defined as: 

𝐽𝐽2  
 
√ 

∑   ′
 

   
 

3.3 Cross-Sectional Dependence (Crude Adjustment) 
Brown and Warner (1980) suggest a crude dependence adjustment for cross sectional dependence. The variance of 
the average abnormal return of the event day is estimated using the time series variance of the average of the 
abnormal returns. 
In this case, the day 0 test statistic is given by: 

𝐽𝐽3  
 0̅

√𝜎𝜎2̃
 

Here, 𝜎𝜎2̃   
𝑇𝑇− ∑ (  ̅   )̅2𝑇𝑇

    and    
 𝑇𝑇 ∑ ∑     

   
𝑇𝑇
    

3.4 Generalized Sign Test 
The sign test, often used in event studies, refers to a simple binomial test of whether the frequency of positive 
abnormal residuals equals 50 percent. Brown and Warner (1980) point out that correct specification of the sign test 
requires equal numbers of positive and negative abnormal returns, absent a reaction to an event. Cowan, Nayar and 
Singh (1990) and Sanger and Peterson (1990), use a refined version of this sign test by allowing the null hypothesis 
to be different from 0.5 and this modified approach is called generalized sign test. 
In order to implement this test, we first need to determine the proportion of securities in the sample having 
non-negative abnormal returns under the null hypothesis of no abnormal performance. The value for the null is 
estimated as the average fraction of stocks with non-negative abnormal returns in the estimation period. If 
abnormal returns are independent across stocks, under the null hypothesis the number of non-negative values of 
abnormal returns has a binomial distribution with parameter p.  
The statistic for the generalized sign test is defined as: 

𝑧𝑧  
|𝑝𝑝0  𝑝𝑝|

√𝑝𝑝(  𝑝𝑝) 
 

where 𝑝𝑝0denotes the observed fraction of positive returns computed across stocks in one particular event week, or 
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the average fraction of firms with non-negative abnormal returns for events occurring over multiple weeks. This 
statistic is approximately distributed as normal distribution with zero mean and variance 1. 
The advantage of the generalized sign test is that it takes into account the evidence of skewness in security returns. 
However, the power and specification of the generalized sign test have not been documented. 
3.5 Wilcoxon Signed-Rank Test 
Employing Wilcoxon signed-rank test is handy, since it considers that both the sign and the magnitude of 
abnormal returns are significant. The test statistic in this case is given by: 

𝑊𝑊  ∑𝑟𝑟 +
 

   
 

Where 𝑟𝑟 + is the positive rank of the absolute value of abnormal returns. This test assumes that none of the absolute 
values are equal, and that each is a nonzero value. Under the null hypothesis of equally likely positive or negative 
abnormal returns and when N is large, W asymptotically follows a normal distribution with the following mean and 
variance: 

 (𝑊𝑊)   (   )
  

 (𝑊𝑊)   (   )(    )
   

3.6 Corrado's Rank Test 
Corrado (1989) observes that another nonparametric test, known as the rank test, is more powerful than the 
standard parametric tests. Like the generalized sign test, the rank test does not require symmetry of the 
cross-sectional abnormal return distribution. 

In order to implement this test, it is first necessary to transform each firm’s abnormal returns into their respective 
ranks. To do so, let     denote the rank of the abnormal return     in security i's time series of T excess returns, 
i.e.,     𝑟𝑟𝑟  (   )  t=1, 2,…, T. Here           means           and        . The average rank is then 
calculated as  ̅  𝑇𝑇+ 

2  and the day 0 test statistic is given by 

  
 
  ∑ (  0   ̅) 
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where the standard deviation S(K) is computed as: 

𝑆𝑆( )  √ 
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This statistic is distributed asymptotically as unit normal. Cowan and Sergeant (1996) document that if the return 
variance is unlikely to increase, then Corrado's rank test is better specified and more powerful than parametric tests. 
With the increase in variance, however, this test is misspecified. 
Table 1 presents parametric and nonparametric event study tests reviewed in this paper. Each of these approaches 
is employed to investigate the short-run abnormal performance of firms following major corporate events. 
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Table 1. Summary of alternative methodologies 

Methods Test Statistics 

 
t-test-mean excess returns 
 

t-test-mean standardized excess returns 
 

Cross-Sectional Dependence (Crude Adjustment) 
 
 
Generalized Sign Test 

 

Wilcoxon Signed-Rank Test 

 
 
Corrado's Rank Test 

𝐽𝐽  
 0

𝑆𝑆( ) 

𝐽𝐽2  
 
√ 

∑   ′
 

   
 

𝐽𝐽3  
 0

√𝜎𝜎2̃
 

𝑧𝑧  
|𝑝𝑝0  𝑝𝑝|

√𝑝𝑝(  𝑝𝑝) 
 

𝑊𝑊  ∑𝑟𝑟 +
 

   
 

  
 
  ∑ (  0   ̅) 

   

𝑆𝑆( )  

Note. This table summarizes the test statistics of different empirical procedures discussed in this study. The first three methodologies refer to 
parametric event study approaches and the rest indicate nonparametric procedures.  

 
4. Recent Developments in Non-parametric Event Study Tests 
The rank tests, introduced by Corrado (1989) and Corrado and Zivney (1992), are applied for testing single day 
event abnormal returns. Corrado (1989), however, reports that implementing rank test for CARs requires defining 
multiple-day returns that match the number of days in the CARs. This can be done by dividing the estimation 
period and event period into intervals matching the number of days in the CAR. Unfortunately, this procedure is 
not very effective, because the number of observations quickly becomes impracticably small as the CAR-period 
lengthens and the resultant loss of observations weakens the abnormal return model estimation. Cowan (1992) and 
Campbell and Wasley (1993) conduct Corrado's rank test for testing cumulative abnormal returns by simply 
accumulating daily ranks of abnormal returns within the CAR-period. Like the multi-day approach, cumulated 
ranks approach also has potential shortcomings. Cowan (1992) and Kolari and Pynnönen (2010) report that such 
procedure quickly loses power in detecting abnormal returns, especially in longer event windows. Because this 
approach involves transferring the returns to rank numbers and hence the returns no longer capture the magnitudes 
of returns, only their relative ranks. Thus, if one large return is randomly assigned to one day within the event 
window independently for each stock, there is only one potentially outstanding rank for each stock that is 
randomly scattered across the window. This is likely to average largely out in the cumulative rank sum resulting in 
poor power properties of the test. 
In order to overcome these puzzles, Kolari and Pynnönen (2011) introduce a generalized rank test based on 
generalized standardized abnormal returns which can be applied for testing both single abnormal returns and 
cumulative abnormal returns. The proposed test is robust to abnormal return serial correlation, event-induced 
volatility and cross-sectional correlation of abnormal returns due to event day clustering. Further details can be 
found in Kolari and Pynnönen (2011). 
5. Conclusions 
Event studies are conducted for the purpose of investigating the effect of an event on stock returns. Typical events 
include firm-specific events and Economy-wide events. Firm-specific events usually indicate a change in the 
company policy. Examples of such events involve earnings, investment, mergers and acquisitions, issues of new 
debt or equity, stock splits, etc. announcements. Economy-wide events, on the other hand, are employed in large 
sample event studies which investigate the impact of a particular event on relevant securities. This type of events 
includes inflation, interest rate, consumer confidence, trade deficient, etc. announcements.  
This paper presents a modest attempt to portray the short-run event study methodology beginning with FFJR in the 
late 1960s. The main objective of this article is to outline the existing parametric and nonparametric tests used in 
short-run event studies. To serve this purpose, standard parametric tests, Generalized Sign Test, Wilcoxon 
Signed-Rank Test and Corrado's Rank Test are discussed. Recent developments in non-parametric event study 
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tests are also reviewed. For example, Kolari and Pynnönen (2011) recently introduce a generalized rank test based 
on generalized standardized abnormal returns which is used to test both single abnormal returns and cumulative 
abnormal returns. Reviewing the prior studies concludes that nonparametric sign and rank tests are well specified 
and have more power than the standard parametric approaches in detecting the short-run anomalies. 
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Abstract

Although a large number of recent studies employ the buy-and-hold abnormal

return methodology and the calendar time portfolio approach to investigate the

long-run anomalies, each of the methods is a subject to criticisms. This paper

introduces a variant of calendar time portfolio approach where we first standardize

the abnormal returns of the event firms forming the monthly portfolios and then

weight each of these portfolios such that periods of heavy event activity receive

higher loading than periods of light event activity. In our proposed method, we,

however, use characteristics-based reference portfolios to measure the abnormal

returns. Simulations show that the refined calendar time approach documents

better specification and power than the conventional methodologies.

Keywords: Long-run anomalies, Standardized abnormal returns, Test specifica-

tion, Power of test.
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1. Introduction

Two commonly used methodologies for investigating the long-term stock price perfor-

mance following major corporate events are the buy-and-hold abnormal return (BHAR)

approach and the calendar time portfolio (CTP) method. The BHAR is defined as the

difference between the long-run holding period return of a sample firm and that of some

benchmark asset. Mitchell and Stafford (2000) explain BHAR returns as the average

multiyear return from a strategy of investing in all firms that complete an event and

selling at the end of a prespecified holding period versus a comparable strategy using

otherwise similar nonevent firms. The calendar time method, on the other hand, is based

on the mean abnormal time series returns to monthly portfolios of event firms.

Following the work of Ritter (1991), BHAR becomes one of the most popular esti-

mators in the literature of long-horizon event studies. A large number of papers have

applied the BHAR approach in Measuring long-horizon security price performance. Im-

portant examples include Barber and Lyon (1997) and Lyon, Barber, and Tsai (1999)

(henceforth LBT). These studies document that an appealing feature of using BHAR is

that buy-and-hold returns better resemble investors’ actual investment experience than

periodic (monthly) rebalancing entailed in other approaches to measuring risk-adjusted

performance.

Fama (1998), however, argues against the BHAR methodology because of the sta-

tistical problems associated with the use of BHAR and the relevant test statistics. He

reports that BHAR does not address the issue of potential cross-sectional correlation of

event-firm abnormal returns. Mitchell and Stafford (2000) also question the application

of BHAR approach suggesting that the assumption of independence of observations is

violated and hence the cross-sectional correlations significantly bias the test statistics

that are computed from the BHARs. In addition, Eckbo et al. (2000) document that

the BHAR methodology is not a feasible portfolio strategy because the total number
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of stocks is not known in advance. As an alternative, the calendar time portfolio ap-

proach, developed by Jaffe (1974) and Mandelker (1974), is widely used to resolve the

issue of cross-sectional dependence of abnormal returns (Fama, 1998 and Mitchell and

Stafford, 2000). Fama (1998) strongly recommends the use of CTP methodology on the

grounds that monthly returns are less susceptible to the bad model problem as they are

less skewed and by forming monthly calendar time portfolios, all cross-correlations of

event-firm abnormal returns are automatically accounted for in the portfolio variance.

Fama also documents that the distribution of this estimator is better approximated by

the normal distribution, allowing for classical statistical inference. Mitchell and Stafford

(2000), like Fama (1998), also prefer the CTP approach to BHAR methodology as the

latter assumes independence of multi-year event firm abnormal returns.

While many recent studies strongly advocate the CTP approach, it has a number

of potential pitfalls. For example, if there is a differential abnormal performance in

periods of heavy event activity versus periods of light event activity, the regression

approach will average over these, and it may be less likely to identify the abnormal

performance. Loughran and Ritter (2000) argue that corporate executives time the

events to exploit mispricing, but the CTP approach, by forming calendar-time portfolios,

under-weights managers’ timing decisions and over-weights other observations. Since

the CTP approach weights each period equally, it has lower power to detect abnormal

performance if managers time corporate events to coincide with misvaluations. LBT,

however, claim that the CTP approach is misspecified in nonrandom samples, while the

BHAR approach is relatively robust.

The purpose of this paper is to refine the calendar time portfolio approach in order

to deal with the ongoing debates discussed in previous studies. To do so, a variant of

calendar time method is proposed where we first standardize the abnormal returns for

each of the event firms in the sample and then construct the monthly portfolios. That is,
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we first obtain the event firms’ monthly abnormal returns (adjusted by characteristics-

based reference portfolio returns), then standardize them by their standard deviations

over the long-run holding period and finally form the monthly portfolios from the event

firms. We also propose to weight each monthly portfolio return which takes into account

the number of event firms in the month. Weighting the portfolios in this way gives more

weight to periods of heavy event activity than periods of low event activity. To assess

the robustness of the proposed method, we also present the results from Fama-French

three-factor (henceforth FF3F) model, and the BHAR approach.

Standardizing the abnormal returns is a common practice in the short-run event stud-

ies. Patell (1976) report that short-run tests using standardized returns have superior

power compared to those based on unstandardized returns. Besides, standardizing event

returns also reduces the heteroskedastic error term. The use of standardized abnormal

returns is well-documented in long-run event studies as well. Fama (1998), for example,

recommends to the use of standardized abnormal returns to improve the power of the

calendar time methodology. Following Fama (1998), Mitchell and Stafford (2000) also

standardize each month’s abnormal return by an estimate of its standard deviation.

However, LBT report that the calendar-time portfolio methods based on reference-

portfolio abnormal returns generally dominate those based on asset pricing models (e.g.,

Fama-French three-factor model) for two reasons. First, the three-factor model implic-

itly assumes linearity in the constructed market, size, and book-to-market factors. But

LBT find that this assumption is unlikely to be the case for the size and book-to-market

factors. Second, while the Fama- French three-factor model assumes there is no interac-

tion between the three factors, LBT document that this assumption is also likely violated

because the relation between book-to-market ratio and returns is most pronounced for

small firms. Later, Loughran and Ritter (2000) also argue that the three-factor model is

not an equilibrium model since it only detects anomalies in financial markets and fails
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to test market efficiency. In our proposed method, we, therefore, employ the reference

portfolio approach based on size and book-to-market ratio to measure the abnormal

returns. LBT and Mitchell and Stafford (2000) also use the reference portfolio method

for computing long-run abnormal stock returns.

The standardized calendar time approach (henceforth SCTA) introduced in this pa-

per contributes to the existing literature of long-run event studies in several ways. First,

it resolves the concerns raised by Loughran and Ritter after achieving higher power than

the traditional methodologies in detecting the anomalies. Second, it considers - for the

first time- the standardized abnormal returns of the event firms constituting the monthly

portfolios. Third, it allows months of hot event activity to receive more weight than

months of cold event activity. Finally, our proposed approach is generally well-specified

when nonrandom samples are taken into account. Hence SCTA presents a number of

potential improvements over the conventional calendar time portfolio approach.

The remainder of the paper is structured as follows. Section 2 outlines the data and

methodology. Our simulation procedure is explained in Section 3. Section 4 presents the

specification of the tests. Section 5 reports power of the tests, and Section 6 concludes

the paper.

2. Data and Methodology

The data used in this paper consist of NYSE, Amex, and Nasdaq stocks, and our sample

period ranges from July 1978 to December 2007. We obtain monthly returns, market

value (MV) or size and book-to-market (BM) value data from Datastream.

We construct 25 size-BM portfolios as expected return benchmarks. In doing so, at

the end of June of year t, we allocate all the stocks to one of five size groups, based

on size rankings relative to NYSE quintiles. In an independent sort, all stocks are also

allocated to one of five BM groups, based on their BM ranks relative to NYSE quintiles.
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2.1. Standardized Calendar Time Approach (SCTA)

The conventional way of calculating the mean monthly calendar time abnormal return

(CTAR) is the following

mean monthly CTAR =
1

T

T∑
t=1

CTARt, (1)

where

CTARt = Rpt − E(Rpt), (2)

Within this framework, Rpt is the monthly return on the portfolio of event firms, E(Rpt)

is the expected return on the event portfolio which is proxied by the raw return on a

reference portfolio and T is the total number of months in the sample period.

However, a number of firms in the sample often produce volatile returns. Small firms,

for instance, usually exhibit such pattern and because of this volatility, the distributions

of long-run returns tend to have fat tails. One possible solution to this problem is

standardizing the abnormal returns by their volatility measures. In this paper, we

use standardized abnormal returns to compute the CTARs. The whole procedure is

done in two steps. We first calculate the standardized abnormal returns for each of

the sample firms. In doing so, the abnormal return for firm i is computed as εit =

Rit − E(Rit); t = 1, . . . , H, where Rit denotes the return on event firm i in the calendar

month t, E(Rit) is the expected return on the event portfolio which is proxied by 25

size-BM reference portfolios and H is the holding period which equals 12, 36, or 60

months. The next task is to estimate the event-portfolio residual variances using the

H-month residuals computed as monthly differences of i-th event firm returns and size-

BM portfolio returns. Dividing εit by the estimate of its standard deviation yields the

corresponding standardized abnormal return, say zit, for event firm i in month t. Now

let Nt refer to the number of event firms in the calendar month t. We then calculate the

calendar time abnormal return for portfolio t as
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CTARt =
Nt∑
i=1

xitzit, (3)

where the weight xit equals 1
Nt

when the abnormal returns are equally-weighted and

MVit∑
MVit

when the abnormal returns are value-weighted by size.

We also propose to weight each of the monthly CTARs by 1√
(
∑Nt

i=1 x
2
it)
. For instance,

when the abnormal returns are equally weighted i.e., when xit =
1
Nt
, then 1√

(
∑Nt

i=1 x
2
it)

=
√
N t. This weighting scheme is lucrative as it gives more loadings to periods of heavy

event activity than the periods of low event activity. Now the grand mean monthly

abnormal return (CTAR) is calculated as

CTAR =
1

T

T∑
t=1

CTARt (4)

While finding CTAR, it might be the case that a number of portfolios do not contain

any event firm. In such situations, those months are dropped from the analysis. To test

the null hypothesis that there is no abnormal performance, the t-statistic of CTAR is

computed by using the intertemporal standard deviation of the monthly CTARs defined

in equation (3).

2.2. Buy-and-Hold Abnormal Return (BHAR)

Once a reference portfolio is identified, computing BHARs is straightforward. A H-

month BHAR for event firm i is defined as:

BHARiH =
H∏
t=1

(1 +Rit)−
H∏
t=1

(1 +RBt), (5)

where Rit denotes the return on event firm i at time t and RB indicates the return on

25 size-BM reference portfolios.
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To test the null hypothesis that the mean buy-and-hold return equals zero, the

conventional t-statistic is given by

tBHAR =
BHARH

σ(BHARH)/
√
n

, (6)

where BHARH implies the sample mean and σ(BHARH) refers to the cross-sectional

sample standard deviation of abnormal returns for the sample containing n firms.

However, the earlier studies (e.g. Mitchell and Stafford (2000), Boehme and Sorescu

(2002), Jegadeesh and Karceski (2009)) report that the BHAR approach does not control

well for the cross-sectional correlation among individual firms in nonrandom samples and

thus yields misspecified t-statistics. Moreover, the test statistics based on BHARs also

suffers from this misspecification problem due to the severe skewness of the distribution

of BHARs. Though bootstrapping corrects for the skewness problem to some extent, it

ignores the cross-sectional dependence of abnormal returns.

2.3. Fama-French Three-Factor Model

For each calendar month t, we form portfolios consisting of all sample firms that have

participated in the event within the last H months, where H equals 12, 36, or 60 in

our study. For each calendar month, the portfolios are rebalanced, i.e., the firms that

reach the end of their H-month period drop out and new firms that have just executed a

transaction are added. We then calculate the portfolio mean monthly abnormal return

αp by regressing its excess return on the three Fama-French factors:

Rpt −Rft = αp + βp(Rmt −Rft) + spSMBt + hpHMLt + ept, (7)

where Rpt is the equal or value-weighted return on portfolio t, Rft is the risk-free rate,

Rmt −Rft is the excess return of the market, SMB is the difference between the return

on the portfolio of small stocks and big stocks, HML is the difference between the return
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on the portfolio of high and low book-to-market stocks, αp measures the mean monthly

abnormal return of the calendar time portfolio which is zero under the null hypothesis

of no abnormal performance and βp, sp and hp are sensitivities of the event portfolio to

the three factors.

However, since the number of firms changes over the sample period, this may cause

the error term to be heteroskedastic and hence the ordinary least squares estimate be-

comes inefficient. Fama (1998), therefore, suggests to apply the weighted least squares

technique instead of ordinary least squares to control for heteroskedasticity. In this study,

we estimate regression (7) using weighted least squares (WLS) procedures. Monthly re-

turns in the WLS model are weighted by
√
Nt, where Nt stands for the number of event

firms in month t.

3. Simulation Method

To test the specification of the t-statistics, we randomly select 1,000 samples of 200

event months without replacement. For each of these 200 event months, we randomly

draw one stock from the population of all stocks that are active in the database for that

month. For a well-specified test statistic, 1000α tests reject the null hypothesis. A test

is conservative if fewer than 1000α null hypotheses are rejected and is anticonservative

if more than 1000α null hypotheses are rejected. Based on this procedure, we test the

specification of the t-statistic at 5% theoretical levels of significance. A well-specified

null hypothesis rejects the null at the theoretical rejection level in favor of the alternative

hypothesis of negative (positive) abnormal returns in 1000α/2 samples.
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4. Test Specification

This section reports the specification of various methodologies used in our study. We first

discuss the results in random samples. Later, we consider different types of nonrandom

samples based on firm size, book-to-market ratio, pre-event return performance, and

overlapping returns.

4.1. Random Samples

Table 1 indicates the rejection rates in 1000 simulations with a random sample of 200

firms. Findings reveal that all the t-statistics based on buy and hold abnormal returns

are negatively biased. For example, when the horizons are 5 years, the rejection rates

at the 5% level of significance are 4.8% and 0%. These results are consistent with those

documented by LBT where the tests have higher rejection rates in the lower tail.

As anticipated, all the calendar time portfolio methods considered in our analysis

are well-specified in random samples regardless of whether equally-weighted or value-

weighted portfolios are employed. For example, for a 3-year holding period and with

equally-weighted portfolios, the rejection rates at 5% level of significance are 2.4% and

2.8% and 2% and 0.8% for the t-statistics produced by standardized calendar time

approach and Fama-French three-factor model respectively.

[Table 1]

However, our proposed calendar time approach involves two components: standard-

ization and weighting. In order to verify whether it is the standardization or the weight-

ing approach that improves the specification of tests, the table below presents a set

of simulation results for the following cases: a) Standardization only approach and b)

Weighting only approach. Table 1A shows that the standardization only approach pro-
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duces well-specified test statistics when the length of the investment periods is either

three or five years. But, for a one-year horizon, there is some evidence of misspecifica-

tion. For the weighting only approach, we document misspecifications when the holding

periods are one year and five years. Similar comments also apply when the portfolios

are value-weighted. Hence, we conclude that the standardized calendar time approach,

which involves both standardization and weighting components, improves the size of

tests as shown in Table 1.

[Table 1A]

4.2. Nonrandom Samples

4.2.1. Firm Size

In order to investigate the effect of size-based sampling biases on the employed methods,

we randomly choose 1000 samples separately from the largest size decile and smallest

size decile. These results are presented in Tables 2A and 2B. Our analysis indicates

that among the three methods, SCTA is better specified for each type of samples based

on size. For instance, for a five-year horizon and with small firms and value-weighted

portfolios, the rejection rates at 5% level of significance are 0.4% and 2.8% for SCTA, and

0.8% and 4.4% for FF3F model. However, the t-statistics based on BHAR approach are

negatively skewed for samples containing small firms and positively skewed for samples

consisting of large firms.

[Table 2A]

[Table 2B]
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4.2.2. Book-to-Market (BM) Ratio

Firms are deciled into ten groups based on rankings of BM ratio at the end of June

each year. We choose the groups with the highest BM ratio and the lowest BM ratio for

robustness check. For each group, we select a random sample of 200 firms. The procedure

is repeated 1000 times and Tables 3A and 3B report the rejection rates. Inspection

of these tables suggests that the standardized CTP approach yields reasonably well-

specified test statistics in each case. For example, for a 3-year holding period and with

equally-weighted portfolios and firms with low book-to-market ratio, the rejection rates

at 5% level of significance are 1.6% and 2.0% for SCTA, and 0.2% and 5.6% for FF3F

model. The BHAR method, on the other hand, produces either negatively or positively

skewed test statistics depending on low or high book-to-market value respectively.

[Table 3A]

[Table 3B]

4.2.3. Pre-event Return Performance

To assess the specification of the tests under study, we consider drawing firms on the

basis of pre-event return performance. Following LBT, we compute the preceding six-

month buy-and-hold return on all firms in each month from July 1978 through December

2012. We then decile this six-month return and separately select 1,000 samples of 200

firms from the high-return decile and the low-return decile. The findings of our analysis

are shown in Tables 4A and 4B.

Scrutinizing these two tables suggests that most of the tests produce either positively

or negatively biased test statistics and these results resemble those of LBT. Jegadeesh

and Titman (1993), however, also report similar types of findings. LBT, however, suggest

to match sample firms to firms of similar pre-event return performance to avoid this type
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of misspecification. Following LBT, we construct 5 × 5 × 5 reference portfolios based

on size, BM and pre-event return performance. Simulated results, shown in Tables 4C

and 4D, report that the level of specification of the methods considered improves. We

employ the four-factor model, proposed by Carhart (1997), to include the momentum

factor computed as the difference between returns of winners and losers. We, therefore,

exclude the three-factor model while constructing Tables 4C and 4D. Unfortunately, such

portfolios are not equally effective (not reported in the table) when analyzing random

samples as well as other nonrandom samples.

[Table 4A]

[Table 4B]

[Table 4C]

[Table 4D]

4.2.4. Overlapping Returns

With a view to inspecting how the methods used in this paper behave in the presence of

cross-sectional correlation of abnormal returns, we consider nonrandom samples based

on overlapping returns. Selecting these samples consists of two steps. The first stage

involves a random selection of 100 firms from the population. In the second stage, for

each of these 100 firms, we randomly choose a second event month that is within H − 1

periods of the original event month (either before or after), where H equals 12, 36 or

60. Hence we have 200 firms with 200 event months where the same firm appears in

the sample twice and this generates the issue of overlapping returns. We repeat this

procedure 1000 times and the results are presented in Table 5.

Findings indicate that the BHAR approach yields misspecified test statistics and

these results are consistent with those reported in previous studies (e.g., LBT and
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Mitchell and Stafford (2000)). This misspecification is due to the fact that BHAR

assumes that the observations are cross-sectionally uncorrelated. This assumption is

tenable in random samples of event firms, but it would be violated in nonrandom sam-

ples, where the returns for event firms are positively correlated (Jegadeesh and Karceski,

2009).

Results further confirm that each of the calendar time methods performs well when

return calculations do overlap. In most of the cases, the equally-weighted scheme pro-

duces higher rejection compared with the value-weighted scheme. For example, for a

3-year holding period and with equally-weighted portfolios, the rejection rates at 5%

level of significance are 2.9% and 3.6% for the t-statistics produced by SCTA. The cor-

responding rejection rates are 1.8% and 3.1% when the portfolios are value-weighted.

It indicates that the value-weighted scheme should be taken into account if misspeci-

fications occur due to overlapping returns. Last but not the least, the CTP approach

controls well for the problem of cross-sectional dependence and is thus recommended

while dealing with cross-sectionally correlated returns.

[Table 5]

5. Power

In this section, we compare the power of all the three methods employed in our study.

Note that we only choose random samples since the t-tests are not, in general, well-

specified in nonrandom samples. To examine the power of test, we introduce a constant

level of abnormal return ranging from -20% to 20% at an interval of 5% to event firms.

We also consider equally-weighted portfoilos to make a direct comparison with BHAR

approach. Table 6 indicates the percentages of 1000 samples of 200 firms that reject the

null hypothesis of zero abnormal returns over a three-year holding period. Figure 1 also
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plots power of the tests.

It is evident from Table 6 and Figure 1 that our proposed standardized calendar time

approach produces the most powerful t-statistic, followed by the BHAR method, and

the test statistic based on Fama-French three-factor model is the least powerful. For

instance, with 15% per year abnormal returns, the rejection rate is 92% for SCTA, 80%

BHAR method and 58% for FF3F model. We, therefore, conclude that the standardized

calendar time approach produces more power to detect the abnormal performance than

the BHAR method after accounting for cross-sectional correlation of the event firms.

[Table 6]

[Figure 1]

6. Conclusion

The proper methodology for analyzing the long-term return anomalies has been much

debated in the literature. Kothari and Warner (2007), for instance, report that the

question of which model of expected returns is correct remains an unresolved issue. Fama

(1998) also concludes that not a single model for expected returns can fully describe the

systematic patterns in normal returns and hence the anomalies arise because of the

misspecification of models and the statistical tests applied. A fundamental choice for

many recent studies, therefore, concerns the measure of long-run stock price performance.

Although numerous event studies have employed the BHAR methodology and the

calendar time portfolio approach for investigating the long-run abnormal performance,

each method has serious limitations. For example, Mitchell and Stafford (2000) argue

against using the BHAR methodology as it assumes event-firm abnormal returns to be

independent. They argue that major corporate actions are not random events, and thus
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event samples are likely to consist of dependent observations. In particular, major corpo-

rate events cluster through time by industry. This leads to positive cross-correlation of

abnormal returns, making test statistics that assume independence severely overstated.

They, like Fama (1998), strongly recommend the use of CTP approach. Loughran and

Ritter (2000), however, report that the calendar time portfolio approach weights each

month equally so that months that reflect heavy event activity are treated the same as

months with low activity. Thus CTP approach may fail to detect significant abnormal

returns if abnormal performance primarily exists in months of heavy event activity.

In this paper, we propose a modified calendar time portfolio approach which has two

major components: standardization of event firms’ abnormal returns and weighting the

monthly portfolios. While standardizing diminishes the impact of event firms having

volatile future returns, weighting allows monthly portfolios containing more event firms

to receive more weight. The empirical analysis shows that these two innovations improve

the size and power properties of statistical tests used in long-run event studies.
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Figure 1: Simulated Power of Different Methods in Random Samples. This

figure represents the percentages of 1000 random samples of 200 firms that reject the null

hypothesis of no abnormal returns over three-year holding period. We consider equally

weighted portfolios to make a direct comparison with BHAR approach. The horizontal

axis indicates the induced level of abnormal returns (%), while the rejection rates are

shown in the vertical axis.
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Abstract 
This paper investigates whether the calendar time methodology lacks power in detecting the long-run abnormal 
performance of the firms after major corporate events. In addition, the study proposes a variant of calendar time 
approach by standardizing the abnormal returns of the event firms forming the monthly portfolios. To assess the 
robustness of the modified method, the results from buy-and-hold abnormal return approach and the mean 
monthly calendar time abnormal return method are also reported. The empirical analysis documents that the 
proposed approach improves the power in random samples and in samples with small firms and with calendar 
clustering. 
Keywords: event study, long-run anomalies, standardized abnormal returns, specification issue, power issue 
1. Introduction 
A large number of recent studies examine the price behavior of equity for periods of one to five years following 
significant corporate events (e.g., IPOs, SEOs, repurchases, or bond rating changes). Although there have been 
many advances in long-run event study methodology over the years, the elementary papers in this area include 
Ritter (1991), Barber and Lyon (1997), Kothari and Warner (1997), Fama (1998), Lyon, Barber, and Tsai (1999), 
Mitchell and Stafford (2000), Loughran and Ritter (2000), and Jegadeesh and Karceski (2009).  
While investigating the long-term abnormal returns of the event firms, two important issues are taken into account. 
These are the power issue and the specification issue. Prior literature suggests that these two issues still remain 
unsolved and further filtering of the existing methods is required for solving such issues. Kothari and Warner 
(2007), for instance, conclude that whether calendar time portfolio (CTP) method or buy-and-hold abnormal return 
(BHAR) approach can best address these long-horizon issues remains an open question. 
However, although each of these two issues is important in inspecting the long-run abnormal performance, only a 
few studies focus on the power issue. Ang and Zhang (2004), for instance, is the solo study in the literature that 
extensively reports the power of several empirical procedures at three different investment horizons. In order to 
extend this limited literature, the present study makes a modest attempt to compare the power of alternative 
methodologies. In doing so, we analyze the power of buy-and-hold abnormal return approach and the mean 
monthly calendar time abnormal return (CTAR) methodology for random samples and samples with small firms 
and with calendar clustering. 
Loughran and Ritter (2000), however, criticize the calendar time methodology claiming that it has low power. Ang 
and Zhang (2004) also document that the power of calendar time portfolio approach decreases as the holding 
period increases. Mitchell and Stafford (2000), on the other hand, find no evidence that supports the concern raised 
by Loughran and Ritter (2000). This disagreement gives us the motivation to investigate whether the CTP 
approach really lacks power in detecting the long-run anomalies.  
The empirical findings reveal that the mean monthly calendar time abnormal return method has low power than the 
buy-and-hold abnormal return approach. Although each of these methodologies is well-specified in random 
samples and in samples with small firms and with calendar clustering, the CTAR approach lacks power in 
detecting the long-term anomalies. The study, therefor, proposes to refine the mean monthly calendar time 
abnormal return methodology by considering the standardized abnormal returns of the event firms forming the 
monthly portfolios. In our modified approach, the monthly portfolios are also weighted in such a way that periods 
of heavy event activity receives more loadings than the periods of low event activity. Our analysis further shows 
that the refined calendar time approach produces well-specified test statistics andimproves the power in all the 
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sampling schemes under consideration.However, one potential limitation with our proposed approach is that it is, 
like other existing long-run event study methodologies, is not well specified in all types of nonrandom samples.  
The remainder of the paper is organized as follows. Section 2 reviews the existing literature. Section 3 outlines the 
data and methodology. Results are discussed in Section 4, and Section 5 concludes the paper. 
2. Literature Review 
Previous research documents that the buy-and-hold abnormal return methodology and the calendar time portfolio 
approach are commonly employed for examining the long-term abnormal stock returns. Barber and Lyon (1997) 
and Lyon et al. (1999) claim that the BHARs most accurately capture investor experience. Fama (1998), however, 
argues against the BHAR methodology as it experiences the bad model problems. Fama and later Mitchell and 
Stafford (2000)strongly recommend the use of calendar time methodology to deal with the bad model problems. 
Barber and Lyon (1997) and Lyon et al. (1999) also identify new listing, re-balancing, and skewness biases with 
inference in long-run event studies using the BHAR. They use simulations to investigate the impact of these biases 
on inference when BHAR is exercised to measure the abnormal performance and standard tests are applied. 
However, in case of using a reference portfolio to capture normal or expected return, the new listing and 
rebalancing biases can be addressed in a relatively simple way by careful construction of the reference portfolio. 
Unfortunately, considering reference portfolio also gives rise to the skewness bias.  
To avoid thisskewness bias, a control firm rather than a reference portfolio can be used as the long-run return 
benchmark. The BHAR is then measured as the difference between the long-run holding-period returns of the 
event firm's equity and that of a control firm. Although the distribution of each asset’s holding-period return is 
highly skewed, the distribution of their difference is not. As a result, standard statistical tests based on the control 
firm approach have the right size in random samples. 
Barber and Lyon (1997), however, report that standard tests based on the control firm approach are not as powerful 
as those based on the reference portfolio approach. This is because of the fact that the use of a control firm is a 
noisier way to control for expected returns than is the use of a reference portfolio and this added noise reduces the 
power of the test. The variance of the difference between the returns on two individual assets is generally much 
higher than the variance of the difference between the return of an asset and that of a portfolio, even when the 
control firm is chosen carefully. Powerful tests thus require very large samples when control firm approach is 
applied. 
To resolve these problems that the BHAR methodology encounters, the calendar time portfolio approach is 
considered as a possible alternative. Unfortunately, Loughran and Ritter (2000) argue that the CTP approach 
lacks power while identifying the abnormal performance.Ang and Zhang (2004) also report the same in their 
simulation study. In this paper, we, therefore, make an attempt to modify the conventional calendar time 
approach such that its power improves. In the following section, we discuss our proposed methodology. 
Reviewing the conventional approaches will follow. 
3. Data and Methodology 
The data employed in this paper comprise NYSE, Amex, and Nasdaq stocks, and our sample period ranges from 
July 1980 to December 2012. We obtain monthly stock prices, market value (MV) or size and book-to-market (BM) 
value data from DataStream. 
In this study, we consider a size-BM-matched control firm to calculate the abnormal returns. Identifying such a 
control firm is a 2-step procedure. First, we identify all the firms with a market value of equity between 70% and 
130% of the sample firm at the most recent end of June. Then from this set of firms, we choose the firm with BM 
closest to that of the sample firm as of the previous December. We do not use reference portfolios as test statistics 
based on buy-and-hold abnormal return calculated employing a reference portfolio approach are generally 
misspecified. 
3.1 Mean Monthly Calendar Time Abnormal Return (CTAR) 
The calculation of mean monthly calendar time abnormal return (CTAR) is the following: 

����������������� � �
� ∑ ��������� ,                                  (1) 

where 
����� � ��� � ������                                                 (2) 

Within this framework, ��� is the monthly return on the portfolio of event firms, ������ is the expected return on 
the event portfolio which is proxied by the raw return on a control firm and T is the total number of months in the 
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sample period. To test the null hypothesis that there is no abnormal performance, the t-statistic of the mean 
monthly CTAR is calculated using the intertemporal standard deviation of the monthly CTARs defined in equation 
(2). 
3.2 Standardized Calendar Time Approach (SCTA) 
In our proposed approach, the monthly portfolios are constructed in an alternative way. We consider standardized 
abnormal returns to compute the monthly CTARs. Using standardized returns is advantageous in the sense that 
many firms, especially small firms, often produce volatile returns and consequently, the distributions of long-run 
returns tend to have fat tails. One possible solution to this problem is standardizing the abnormal returns by their 
volatility measures. However, to reduce the skewness problem, we consider using log returns.  
Now the formation of the monthly portfolios involves two steps. We first calculate the standardized abnormal 
returns for each of the sample firms. In doing so, the abnormal returns for firm i are computed as ��� � ��� �
������� � � �, � , �, where ��� denotes the return on event firm i in the calendar month t and ������ is the 
expected return which is proxied by the raw return on a control firm and H is the holding period which equals 12, 
24 or 36 months. The next task is to estimate the event-portfolio residual variances using the H-month residuals 
computed as monthly differences of i-th event firm returns and control firm returns. Dividing ��� by the estimate 
of its standard deviation yields the corresponding standardized abnormal return, say, ���, for event firmi in montht. 
Now let ��refer to the number of event firms in the calendar month t.We then calculate the calendar time abnormal 
return for portfolio t as: 

 ����� � �
��

∑ ��� 
�����                                                                                   (3) 

We also propose to weight each of the monthly CTARs by��� . This weighting scheme is lucrative as it gives 
more loadings to periods of heavy event activity than the periods of low event activity. However, Loughran and 
Ritter (2000) argue that when a small number of firms include a large proportion of a value-weighted portfolio, 
unsystematic risk is not diversified away. In this paper, we, therefore, consider only equally-weighted portfolios to 
estimate the abnormal returns. The grand mean monthly abnormal return, denoted by������������, is then calculated as: 

������������ � �
� ∑ �������                                                                                 (4) 

While finding������������, it might be the case that a number of portfolios do not contain any event firm. In such 
situations, those months are dropped from the analysis. To test the null hypothesis of no abnormal performance, the 
t-statistic of ������������is computed by using the intertemporal standard deviation of the monthly CTARs defined in 
equation (3). 
3.3 Buy-and-Hold Abnormal Return (BHAR) 
AnH-month BHAR for event firm iis defined as: 

������ � ∏ �� � �������� � ∏ �� � ����,����                             (5) 
where��� denotes the return on event firm i at time t and ��� indicates the return on a control firm. 
To test the null hypothesis that the mean buy-and-hold return equals zero, the conventionalt-statistic is given by: 

����� � ����������������
�������� √�⁄                                                (6) 

where  ���������������� implies the sample mean and �������� refers to the cross-sectional sample standard deviation 
of abnormal returns for the sample containing n firms.  
Table 1 summarizes the test statistics of different methods used in our study to investigate the long-term abnormal 
performance. We use size-BM matched control firm to measure the anomalies. The standard error shown in the 
numerator is the traditional standard error computed using the CTARs defined in equation (2) and equation (3). 
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Table 1. Summary of alternative methodologies 

Method  Description                                          Test Statistics   

Standardized Calendar Time Approach (SCTA)                     � � ������������
�������� ����� 

Buy-and-Hold Abnormal Return (BHAR)                          ����� � ����������������
�������� √�⁄  

Mean Monthly Calendar Time Abnormal Return  (CTAR)            � � �������������������������
�������� �����  

Note. This table summarizes the test statistics of different empirical procedures employed in this study. The standard error is the 
conventional standard error computed using the CTARs defined in equation (2) and equation (3). 

 
3.4 Simulation Method 
To assess the specification of the employed methodologies, we randomly select 1000 samples of 200 event months 
without replacement. For each of these 200 event months, we randomly draw one stock from the population of all 
stocks that are active in the database for that month. For a well-specified test statistic, ����� tests reject the null 
hypothesis. A test is conservative if fewer than ����� null hypotheses are rejected and is anticonservative if more 
than ����� null hypotheses are rejected. Based on this procedure, we test the specification of the t-statistic at 5% 
theoretical levels of significance. A well-specified null hypothesis rejects the null at the theoretical rejection level 
in favor of the alternative hypothesis of negative (positive) abnormal returns in �����/2 samples. 
4. Empirical Results 
This section reports the specification and power of various methodologies used in our study. We first discuss the 
specification issue. Later, we focus on the power issue. In addition to random samples, two types of nonrandom 
samples based on small firms and calendar clustering are also considered in our analysis. 
4.1 Specification of Tests 
Table 2 indicates the rejection rates in 1000 simulations with a sample of 200 firms. Panels A, B and C present 
the size of alternative tests for random samples and samples with small firms and with calendar clustering 
respectively. The simulated results reveal that all the empirical methods considered in our analysis are 
well-specified in random samples as well as in nonrandom samples. For example, Panel A suggests that when the 
holding period is one year, the rejection rates at the 5% level of significance are 2.4% and 2.8% for SCTA, 2.8% 
and 0.4% for BHAR, and 2.7% and 1.3% for CTAR. Panel B, on the other hand, indicates that with a five-year 
investment horizon, the rejection rates at the 5% level of significance are 3.5% and 1.6% for SCTA, 3.6% and 
0.7% for BHAR, and 2.4% and 1.2% for CTAR. Panel C reveals that with a three-year holding period the 
rejection rates at the 5% level of significance are 3.6% and 2.2% for SCTA, 2.7% and 2.1% for BHAR, and 2.1% 
and 2.8% for CTAR. 
 
Table 2. Specification of tests in random samples and samples with small firms and with calendar clustering 

Holding Period 
12 Months                            36 Months                           60 Months 

Theoretical Cumulative Density Function (%) 
Method  2.5         97.5                      2.5            97.5                   2.5           97.5 

Panel A:  Random Samples 
SCTA 
BHAR 
CTAR  

2.4           2.8                     1.6            2.8                    2.0            3.6 
2.8           0.4                     3.2            1.2                    2.6            2.3  
2.7           1.3                     2.4            2.4                    1.1            1.6 

 Panel B: Samples with Small Firms 
SCTA 
BHAR 
CTAR  

3.2           0.9                     2.6             2.1                   3.5            1.6 
2.4           3.6                     3.2             2.8                   3.6            0.7 
1.1           0.3                     2.9             1.2                   2.4            1.2 

         Panel C: Samples with Calendar Clustering 
SCTA      1.9           2.7                     3.6             2.2                   2.0           3.1  
BHAR     3.4           0.8                     2.7             2.1                   3.6           1.1 
CTAR     3.1           0.9                      2.1             2.8                   3.2           2.0 

Note: This table presents the percentages of 1000 samples of 200 firms that reject the null hypothesis of no abnormal returns over one-year, 
three-year, and five-year holding periods. Panel A shows the results for random samples, while Panel B and Panel C indicate the findings for 
samples with small firms and with calendar clustering. 
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4.2 Power 
Tables 3–5 show the power of alternative methodologies in random samples and in samples with small firms and 
with calendar clustering respectively. Since the methods we employ in this paper are not, in general, well-specified 
in samples based on book-to-market-ratio or large firms, we do not report the power of different approaches using 
these nonrandom samples. To examine the power of the employed methods, we introduce a constant level of 
abnormal return ranging from -20% to 20% at an interval of 5% to event firms. Tables 3–5 indicate the percentages 
of 1000 samples of 200 firms that reject the null hypothesis of zero abnormal returns over one, three and five-year 
holding periods.  
It is evident from Table 3 that in case of detecting the anomalies, the calendar time methodologies have more 
power than the BHAR approach does. For example, with +10% (-10%) per year abnormal returns and with a 
three-year holding period, the rejection rate is 25% (16%) for SCTA, 23% (16%) for BHAR, and 17% (13%) for 
CTAR. Table 4, however, indicates that with +15% (-15%) per year abnormal returns and with a five-year 
investment horizon, the rejection rate is 30% (26%) for SCTA, 29% (25%) for BHAR, and 21% (17%) for CTAR. 
Finally, Table 5 reveals that with +20% (-20%) per year abnormal returns and with a three-year holding period, the 
rejection rate is 49% (41%) for SCTA, 43% (39%) for BHAR, and 41% (36%) for CTAR.  
 
Table 3. Power of Alternative methodologies in random samples 

Induced Level of Abnormal Returns (%) 

Methods    -20          -15       -10         -5       0        5        10           15          20  

Panel A: One Year Holding Period 
SCTA 
BHAR     
CTAR 

0.98         0.81       0.51       0.19     0.05     0.27      0.62         0.87         1.0 
0.96         0.79       0.46       0.17     0.03     0.21      0.55         0.83         0.99 
0.81         0.67       0.43       0.12     0.04     0.18      0.52         0.74         0.91 

 Panel B: Three Years Holding Period 

SCTA 
BHAR 
CTAR     

0.54         0.35       0.16       0.08     0.04     0.12      0.25         0.44        0.63 
0.51         0.34       0.16       0.08     0.04     0.10      0.23         0.39        0.69 
0.47         0.31       0.13       0.07     0.05     0.07      0.17         0.37        0.63 

Panel C: Five Years Holding Period 

SCTA      0.36         0.19       0.08       0.06     0.05     0.07      0.12         0.26        0.41 

  BHAR     0.33         0.17       0.09       0.06     0.05     0.08      0.12         0.24         0.40 

  CTAR     0.32          0.14       0.06       0.04     0.02    0.06       0.09         0.21        0.36 

Note: This table documents the percentages of 1000 random samples of 200 firms that reject the null hypothesis of no abnormal performance 
over one-year (Panel A), three-year (Panel B), and five-year (Panel C) holding periods. We add the levels of annual abnormal return indicated 
in the column heading. 
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Table 4. Power of alternative methodologies in samples with small firms 

Induced Level of Abnormal Returns (%) 

Methods    -20        -15         -10         -5          0          5         10         15         20  

Panel A: One Year Holding Period 

SCTA 

BHAR 

CTAR 

0.96       0.77        0.56        0.19       0.04       0.21      0.63        0.69         0.88 

0.91       0.74        0.54        0.18       0.06       0.15      0.59        0.66         0.82 

0.63       0.45        0.31        0.12       0.02       0.06      0.26        0.38         0.58 

 Panel B: Three Years Holding Period 

SCTA 

BHAR 

CTAR     

0.61         0.40      0.22       0.11        0.06       0.14      0.29        0.49         0.71 

0.57         0.38      0.19       0.10        0.05       0.13      0.31        0.47         0.68 

0.42         0.29      0.12       0.07        0.05       0.08      0.21        0.34         0.50 

Panel C: Five Years Holding Period 

   SCTA     0.52         0.26       0.09      0.07        0.06       0.08      0.11        0.30        0.56   

   BHAR    0.48         0.25       0.10      0.08        0.07       0.07      0.11        0.29        0.54 

   CTAR    0.29         0.17       0.07      0.05        0.04       0.08      0.09        0.21         0.38  

Note. This table shows the percentages of 1000 samples of 200 small firms that reject the null hypothesis of no abnormal performance over 
one-year (Panel A), three-year (Panel B), and five-year (Panel C) holding periods. We add the levels of annual abnormal return indicated in 
the column heading. 

 
Table 5. Power of alternative methodologies in samples with calendar clustering 

Induced Level of Abnormal Returns (%) 

Methods     -20        -15          -10         -5        0          5       10          15           20  

Panel A: One Year Holding Period 

SCTA 

BHAR 

CTAR 

0.73         0.52        0.31       0.12       0.05       0.17     0.39        0.61         0.82 

0.68         0.47        0.29       0.11       0.04       0.14     0.38        0.58         0.82 

0.61         0.41        0.25       0.08       0.04       0.11     0.31        0.49         0.68 

 Panel B: Three Years Holding Period 

SCTA 

BHAR 

CTAR     

0.67        0.43        0.24        0.09      0.06       0.11      0.31        0.51         0.76 

0.59        0.36        0.21       0.06      0.04       0.10      0.32        0.49          0.72 

0.54        0.32        0.18       0.06      0.05       0.08      0.19        0.37          0.52 

Panel C: Five Years Holding Period 

   SCTA     0.41        0.28       0.10        0.06      0.05       0.08      0.14        0.32         0.49   

   BHAR    0.39        0.26       0.10        0.06      0.05       0.07      0.11        0.30         0.43 

   CTAR    0.36        0.24        0.08        0.06     0.04       0.07       0.11        0.31         0.41 

Note. This table documents the percentages of 1000 samples of 200 firms with calendar clustering that reject the null hypothesis of no 
abnormal performance over one-year (Panel A), three-year (Panel B), and five-year (Panel C) holding periods. We add the levels of annual 
abnormal return indicated in the column heading.  

 
These findings suggest three important implications. First, with the increase in the investment period, the power 
starts decreasing for all the methods employed in this study. Ang and Zhang (2004), however, also report the same. 
Second, the mean monthly calendar time abnormal return has low power to detect the long-term anomalies. Third, 
our proposed standardized calendar time approach improves the power in all the sampling schemes under study. 
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5. Conclusion 
Although long-run event studies have an extensive history, the power issue generally receives less attention than 
the specification issue. To conceal this research gap, the present study aims to compare the power of alternative 
methodologies under different sampling schemes. In doing so, this paper extends the prior literature in two aspects. 
First, the study inspects whether the calendar time methodology really lacks power in detecting the long-term 
abnormal performance of the firms following major corporate events. To serve this purpose, we compare the 
results of buy-and-hold abnormal return approach and the mean monthly calendar time abnormal return 
methodology. The empirical analysis indicates that although each of these methodologies is well-specified in 
random samples as well as in nonrandom samples, the mean monthly calendar time abnormal return method lacks 
power in detecting the anomalies. Second, we propose to refine the mean monthly calendar time approach by 
forming the monthly portfolios in a variant way and further analysis shows that our proposed calendar time 
approach, with only a few exceptions, improves the power in random samples and in samples with small firms and 
with calendar clustering. 
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1 Introduction 
 
Many recent studies investigate the long-term 
performance of firms after certain corporate events 
such as IPOs, SEOs, or repurchases. The key articles 
in this area include Ritter (1991), Barber and Lyon 
(1997), Kothari and Warner (1997), Fama (1998), 
Lyon, Barber, and Tsai (1999), Mitchell and Stafford 
(2000), Loughran and Ritter (2000), Boehme and 
Sorescu (2002), and Jegadeesh and Karceski (2009). 
While long-horizon event studies have enjoyed many 
advances over the years, all the elementary papers 
focus on United States security markets. Although a 
number of studies investigate the long-term 
performance of the UK IPOs (Levis, M., 1993, 
Espenlaub, Gregory and Tonks, 2000 etc.), not a 
single simulation study concentrating on this security 
market is found in the literature. Therefore, the 
objective of this paper is to conceal such gaps by 
conducting a simulation study with the UK stock 
market data. Since the choice of proper methodology 
plays a key role in investigating the long-run 
performance, we, like other fundamental studies, 
employ Buy-and-Hold Abnormal Return (BHAR) 
approach and Calendar Time Portfolio (CTP) method 
to measure the long-run anomalies.  

However, previous studies document that each of 
these widely used methods has a number of potential 
pitfalls. Fama (1998), for example, reports that the 
BHAR method ignores the issue of potential cross-
sectional correlation of event-firm abnormal returns 
and hence produces misspecified test statistics. 
Loughran and Ritter (2000), on the other hand, claim 

that CTP approach has low power to identify the 
abnormal performance because it gives equal weight 
to each month, regardless of whether the month has 
heavy or light event activities. Following the work of 
Dutta (2014), this paper considers applying the 
Standardized Calendar Time Approach (SCTA) where 
we first standardize the abnormal returns for each of 
the event firms forming the monthly portfolios and 
then each portfolio is weighted such that periods of 
heavy event activity receive more weight than periods 
of low event activity. However, employing 
standardized abnormal returns is well-documented in 
the literature. For example, Jaffe (1974) and 
Mandelker (1974) employ standardized portfolio 
returns for investigating the long-run abnormal 
performance. Fama (1998) also suggests to 
standardize the abnormal returns to resolve the issues 
raised by Loughran and Ritter (2000). Later, Mitchell 
and Stafford (2000) use standardized abnormal returns 
to alleviate the heteroscedasticity problem that often 
occurs in CTP approach due to the varying portfolio 
construction. 

The empirical analysis reveals that all these 
methodologies are robust in the UK stock market as 
well. Our findings also report that the standardized 
calendar time approach produces reasonably well-
specified test statistics in all types of nonrandom 
samples. The results further show that SCTA 
documents better power than the existing approaches 
to identify the long-term abnormal performance. One 
striking output of our analysis is that the test statistics 
based on the Fama-French three-factor model are not 
well specified even in random samples. However, the 
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simulated result shows that the adjusted three-factor 
model controls well for size and book-to-market ratio 
biases. The BHAR approach, on the other hand, yields 
reasonably well-specified test statistics when the 
control firm approach is employed. While using a 
reference portfolio as a benchmark, the BHAR 
methodology does not produce well-specified test 
statistics. These results are consistent with those 
reported by Lyon, Barber, and Tsai (1999). 

This paper extends the prior literature in three 
aspects. First, it uses simulated results to assess the 
performance of the existing long-run event study 
methodologies using the UK security market data. 
Second, the study employs a variant of calendar time 
methodology which yields well-specified test statistics 
in nonrandom samples. Third, this refined calendar 
time approach improves the power while inspecting 
the long-term abnormal performance. However, one 
major limitation of our proposed approach is that it 
does not yield well-specified test statistics (not 
reported in the table) for samples based on pre-event 
return performance. Lyon, Barber, and Tsai (1999) 
also report that the buy-and-hold abnormal return 
approach as well as the traditional calendar time 
method have this limitation. Therefore, further 
filtering of the existing methodologies is needed to 
resolve this problem. Another important drawback of 
our study is that it does not present the results based 
on industry-clustered samples due to the non-
availability of industry codes.  

The remainder of the paper is structured as 
follows. Section 2 outlines the data and methodology. 
Section 3 explains the simulation procedure. Section 4 

discusses the specification of the tests. Section 5 
reports power of the tests and Section 6 concludes the 
paper. 
 
2 Data and methodology 
 
We obtain stock prices, market value (MV) or size and 
book-to-market (BM) value data of the UK stock 
market from DataStream. The sample period ranges 
from July 1983 to December 2013.  

In this paper, we construct 25 size-BM portfolios 
as expected return benchmarks. In doing so, at the end 
of June of year t, firms are quantiled into five groups 
on the basis of their market values. Firms are further 
quantiled into five groups based on their book-to-
market ratios. However, we also consider a size-BM-
matched control firm to calculate the abnormal 
returns. Identifying this control firm is a 2-step 
procedure. First, we identify all the firms with a 
market value of equity between 70% and 130% of the 
sample firm at the most recent end of June. Then from 
this set of firms, we choose the firm with BM closest 
to that of the sample firm as of the previous 
December.  
 
 
2.1 Standardized calendar time approach 
(SCTA) 
 
The calculation of mean monthly calendar time 
abnormal return (CTAR) is the following: 
 

 
                                                       

 ∑      
 
                                                                       (1) 

 
Where 
 

                                                                                                                                (2) 
 

Within this framework,     is the monthly return 
on the portfolio of event firms,        is the expected 
return on the event portfolio which is proxied by the 
raw return on either a reference portfolio or a control 
firm and T is the total number of months in the sample 
period.  

Following the work of Dutta (2014), this paper 
uses standardized abnormal returns to compute the 
monthly CTARs. Dutta argues that since a number of 
firms in the sample might produce volatile returns, it 
would cause the distributions of long-run returns to 
have fat tails. Consequently, test statistics will be 
seriously misspecified. But standardizing the 
abnormal returns by their volatility measures is a 
possible solution to this problem. Although Dutta uses 
simple return, we consider log return to minimize the 
skewness problem. Bessembinder and Zhang (2013) 
and Knif, Kolari and Pynnönen (2013) also document 
that employing log returns produces better specified 
test statistics.  

The construction of the monthly portfolios in the 
standardized calendar time approach consists of two 
steps. We first calculate the standardized abnormal 
returns for each of the sample firms. In doing so, the 
abnormal returns for firm i are computed as     
                  , where     denotes the log 
return on event firm i in the calendar month t and 
       is the expected return which is proxied by the 
raw return either 25 size-BM reference portfolios or a 
size-BM matched control firm and H is the holding 
period which equals 12, 24 or 36 months. The next 
task is to estimate the event-portfolio residual 
variances using the H-month residuals computed as 
monthly differences of i-th event firm returns and 
control firm returns. Dividing     by the estimate of its 
standard deviation yields the corresponding 
standardized abnormal return, say,    , for event firm i 
in month t. Now let    refer to the number of event 
firms in the calendar month t. We then calculate the 
calendar time abnormal return for portfolio t as: 
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                                                   ∑         
                                                                            (3) 

 
The weight     equals  

  
 when the abnormal 

returns are equally-weighted and     
∑    

 when the 
abnormal returns are value-weighted by size. 

We, like Dutta (2014), also assign weights to 
each of the monthly CTARs by  √ ∑      

    ⁄ . For 
instance, when the abnormal returns are equally 

weighted i.e., when     
 
  

, then  √ ∑      
    ⁄  

√  . This weighting scheme is lucrative as it gives 
more loadings to periods of heavy event activity than 
the periods of low event activity. Now the grand mean 
monthly abnormal return, denoted by     ̅̅ ̅̅ ̅̅ ̅̅ , is 
calculated as: 

 
                                         ̅̅ ̅̅ ̅̅ ̅̅   

 ∑       
                                                                        (4)                                

 
While finding     ̅̅ ̅̅ ̅̅ ̅̅ , it might be the case that a 

number of portfolios do not contain any event firm. In 
such situations, those months are dropped from the 
analysis. To test the null hypothesis of no abnormal 
performance, the t-statistic of     ̅̅ ̅̅ ̅̅ ̅̅  is computed by 

using the intertemporal standard deviation of the 
monthly CTARs defined in equation (3). 
 
2.2 Buy-and-hold abnormal return 
(BHAR) 
 
An H-month BHAR for event firm i is defined as: 

 
                                 ∏         

    ∏         
                                                        (5)                                                        

 
    denotes the return on event firm i at time t 

and     indicates the return on a control firm. 
To test the null hypothesis that the mean buy-and-hold 
return equals zero, the conventional t-statistic is given 
by: 

 
                                        

     ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅
        √ ⁄                                                                        (6) 

 
     ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  implies the sample mean and 

         refers to the cross-sectional sample 
standard deviation of abnormal returns for the sample 
containing n firms.  

However, the earlier studies such as Mitchell and 
Stafford (2000), Boehme and Sorescu (2002), 
Jegadeesh and Karceski (2009) report that the BHAR 
approach does not control well for the cross-sectional 
correlation among individual firms in nonrandom 
samples and thus yields misspecified t-statistics. 
Moreover, the test statistics based on BHARs also 
have this misspecification problem, since the 
distribution of BHARs is highly skewed. Though 
bootstrapping corrects for the skewness problem to 
some extent, it ignores the cross-sectional dependence 
of abnormal returns. 

 
2.3 Fama-French three-factor model 
 
For each calendar month t, we form portfolios 
consisting of all sample firms that have participated in 
the event within the last H months, where H equals 12, 
36, or 60 in our study. For each calendar month, the 
portfolios are rebalanced, i.e., the firms that reach the 
end of their H -month period drop out and new firms 
that have just executed a transaction are added. We 
then calculate the portfolio mean monthly abnormal 
return    by regressing its excess return on the three 
Fama-French factors: 
 

 
                       (       )                                                          (7) 

  
    is the equal or value-weighted return on 

portfolio t,     is the risk-free rate, (       ) is the 
excess return of the market, SMB is the difference 
between the return on the portfolio of small stocks and 
big stocks, HML is the difference between the return 
on the portfolio of high and low book-to-market 
stocks,    measures the mean monthly abnormal 
return of the calendar time portfolio which is zero 
under the null hypothesis of no abnormal performance 
and   ,    and   are sensitivities of the event 
portfolio to the three factors.  

However, since the number of firms changes 
over the sample period, this may cause the error term 
to be heteroskedastic and hence the ordinary least 
squares estimate becomes inefficient. Fama (1998), 
therefore, suggests to apply the weighted least squares 
technique instead of ordinary least squares to control 
for heteroskedasticity. In this study, we estimate 
regression (7) using weightedleast squares (WLS) 
procedures. Monthly returns in the WLS model are 
weighted by √  , where    stands for the number of 
event firms in month t. 
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2.4 Adjusted Fama-French three-factor 
model 
 
Fama and French (1993) document that the traditional 
three-factor model is not able to completely explain 
the cross section of stock returns. However, Mitchell 
and Stafford (2000) and later Boehme and Sorescu 
(2002) refine this three-factor model to deal with the 

bad model problem. In this paper, we also try to 
modify the conventional Fama-French three-factor 
model to moderate the size and book-to-market ratio 
biases. Our adjusted three-factor model assumes the 
following form: 
 

 
                                   (       )                                       (8) 

 
                    is the equal- or value-

weighted monthly portfolio return  between the simple 
returns of each event firm and its size-BM matched 
control firm. Moreover, for portfolio t,         
            contains those firms whose event period 

includes the month t. In this adjusted model,    is a 
measure of long-term abnormal performance which is 
zero under the null hypothesis that no abnormal 
performance exists. Now, to test this null hypothesis, 
the t-statistic is given as: 

 

                                                                                  ̂ 
   ̂  

                                                                                          
 

 ̂  is an estimator of   , and    ̂   is the 
corresponding standard error of  ̂ . 
 
3 Simulation method 
 
Following the work of Lyon, Barber, and Tsai (1999), 
we randomly select 1000 samples of 200 event months 
without replacement to assess the specification of the 
employed methodologies. For each of these 200 event 
months, we randomly draw one stock from the 
population of all stocks that are active in the database 
for that month. For a well-specified test statistic, 
      tests reject the null hypothesis. A test is 
conservative if fewer than       null hypotheses are 
rejected and is anticonservative if more than       
null hypotheses are rejected. Based on this procedure, 
we test the specification of the t-statistic at 5% 
theoretical levels of significance. A well-specified null 
hypothesis rejects the null at the theoretical rejection 
level in favor of the alternative hypothesis of negative 
(positive) abnormal returns in      /2 samples.  
 
4 Test specification 
 
In this section, we report the specification of various 
methodologies under consideration. We first discuss 
the results in random samples. Later, we consider 
different types of nonrandom samples based on firm 
size, book-to-market ratio and overlapping returns. 
 
4.1 Random samples 
 
Table 1 shows the rejection rates in 1000 simulations 
with a random sample of 200 firms. These results 
indicate that the BHAR method based on size-BM 
control firms yields well-specified test statistics in 
each of the three investment horizons. However, the 
test statistics are severely missepcified when the 
BHARs are calculated using the reference portfolios. 
For example, for a three-year holding period the 
rejection rates at the 5% level of significance are 3.6% 

and 0.9% for control firm approach and 4.2% and 0% 
for reference portfolio method.  

The numbers presented in Table 1 further reveal 
that among the calendar time portfolio methods 
considered in this paper, our proposed approach is 
better specified than the rest in each case. One striking 
finding is that test statistics based on the Fama-French 
three-factor (henceforth FF3F) model are misspecified 
regardless of whether equally-weighted or value-
weighted portfolios are employed. These findings 
conform to those reported by Yan (2012) in his 
empirical research. Moreover, while using the 
adjusted three-factor model, the size improves. For 
example, for a five-year holding period and with 
value-weighted portfolios, the rejection rates at 5% 
level of significance are 5.2% and 2.0% for FF3F and 
2.8% and 1.6% for the adjusted version. 
 
4.2 Nonrandom samples 
 
4.2.1 Firm size 
 
To assess the effect of size-based sampling biases on 
the employed methods, we randomly choose 1000 
samples separately from the largest size decile and 
smallest size decile. Tables 2A and 2B display these 
results. The empirical analysis shows that SCTA 
produces well-specified test statistics for size-based 
samples. For instance, for a three-year horizon and 
with large firms and value-weighted portfolios, the 
rejection rates for SCTA at 5% level of significance 
are 1.8% and 3.0% when reference portfolios are used 
and 2.6% and 2.8% when the control firm approach is 
considered. The BHAR methodology, however, yields 
either negatively or positively skewed test statistics 
when the reference portfolio approach is taken into 
consideration. The size improves if the BHAR is 
estimated on the basis of control firms. The rejection 
rates for FF3F, on the other hand, are much higher 
than the theoretical levels. But, the level of 
misspecification decreases when the adjusted Fama-
French three-factor model is used as an alternative. 
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Table 1. Specification of tests in random samples 
 

Methods Benchmark 1 Year 3 Years 5 Years 
2.5 97.5 2.5 97.5 2.5 97.5 

Panel A: Equally-Weighted Portfolios     

Standardized Calendar Time Approach Size-BM 
Portfolio 

2.4 1.2 2.0 2.8 2.8 2.8 

Standardized Calendar Time Approach Size-BM 
Control Firm 

2.0 0.4 2.8 1.2 1.6 2.4 

Buy-and-Hold Abnormal Return Method Size-BM 
Portfolio 

9.2* 0.0 4.2* 0.0 3.9* 0.0 

Buy-and-Hold Abnormal Return Method Size-BM 
Control Firm 

2.0 1.4 3.6 0.9 3.0 2.3 

Fama-French Three-Factor Model Not Applicable 4.4* 0.0 3.8* 0.0 4.0* 0.0 

Adjusted Fama-French Three-Factor Model Size-BM 
Control Firm 

3.9* 1.7 3.6 2.8 1.2 2.3 

Panel B: Value-Weighted Portfolios     

Standardized Calendar Time Approach Size-BM 
Portfolio 

2.0 2.8 2.8 3.2 2.4 2.0 

Standardized Calendar Time Approach Size-BM 
Control Firm 

2.8 1.6 3.6 2.0 2.8 3.1 

Fama-French Three-Factor Model Not Applicable 0.8 3.0 6.4* 2.6 5.2* 2.0 

Adjusted Fama-French Three-Factor Model Size-BM 
Control Firm 

5.6* 1.2 3.2 0.7 2.8 1.6 

Note: This table presents the percentages of 1000 random samples of 200 firms that reject the null 
hypothesis of no annual, three-year and five-year abnormal returns at 5% level of significance. Panel A and 
Panel B indicate the specification of tests for equally- and value-weighted portfolios respectively. The numbers 
marked with * suggest that the empirical size is significantly different from the 5% significance level. 
 

Table 2A. Specification of tests in samples with small firms 
 

Methods Benchmark 1 Year 3 Years 5 Years 
2.5 97.5 2.5 97.5 2.5 97.5 

Panel A: Equally-Weighted Portfolios     
Standardized Calendar Time Approach Size-BM 

Portfolio 
0.8   7.2* 1.8   3.0 2.1   3.8* 

Standardized Calendar Time Approach Size-BM 
Control Firm 

1.4   6.1* 2.6   2.8 0.9   3.1 

Buy-and-Hold Abnormal Return Method Size-BM 
Portfolio 

2.8 36.4* 0.0 25.6* 0.0 15.6* 

Buy-and-Hold Abnormal Return Method Size-BM 
Control Firm 

4.8*   1.2 2.0   1.3 3.6   2.1 

Fama-French Three-Factor Model Not Applicable 0.0 42.2* 0.3 34.8* 1.1 22.0* 
Adjusted Fama-French Three-Factor 
Model 

Size-BM 
Control Firm 

0.4   3.8* 3.6   1.6 0.8   6.4* 

Panel B: Value-Weighted Portfolios     
Standardized Calendar Time Approach Size-BM 

Portfolio 
0.0   6.8* 2.8   3.4  3.1   4.7* 

Standardized Calendar Time Approach Size-BM 
Control Firm 

1.6   3.4 2.1   2.4 2.3   3.0 

Fama-French Three-Factor Model Not Applicable 0.0 34.8* 0.0 16.4* 0.2   9.2* 
Adjusted Fama-French Three-Factor 
Model 

Size-BM 
Control Firm 

2.1   4.8* 1.9   2.8 3.2   3.9* 

Note: This table presents the percentages of 1000 samples of 200 large firms that reject the null hypothesis 
of no annual, three-year and five-year abnormal returns at 5% level of significance. Panel A and Panel B indicate 
the specification of tests for equally- and value-weighted portfolios respectively. The numbers marked with * 
suggest that the empirical size is significantly different from the 5% significance level. 
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Table 2B. Specification of tests in samples with small firms 
 

Methods Benchmark 1 Year 3 Years 5 Years 
2.5 97.5 2.5 97.5 2.5 97.5 

Panel A: Equally-Weighted Portfolios     
Standardized Calendar Time Approach Size-BM 

Portfolio 
  5.4* 0.4   2.4 2.6   3.6 3.6 

Standardized Calendar Time Approach Size-BM 
Control Firm 

  6.8* 1.2   3.2 0.8   1.6 2.8 

Buy-and-Hold Abnormal Return Method Size-BM 
Portfolio 

21.2* 0.0 15.6* 0.0 11.8* 0.3 

Buy-and-Hold Abnormal Return Method Size-BM 
Control Firm 

  3.4 1.8   2.4 2.0   4.0* 3.2 

Fama-French Three-Factor Model Not 
Applicable 

  8.8* 0.2   8.0* 3.1 12.4* 3.5 

Adjusted Fama-French Three-Factor Model Size-BM 
Control Firm 

  4.0* 0.8   6.0* 1.4   5.6* 2.3 

Panel B: Value-Weighted Portfolios     
Standardized Calendar Time Approach Size-BM 

Portfolio 
  6.0* 0.0   4.1* 3.1   2.7 3.5 

Standardized Calendar Time Approach Size-BM 
Control Firm 

  4.4* 0.2   2.8 1.3   1.6 2.0 

Fama-French Three-Factor Model Not 
Applicable 

  9.2* 0.6   7.6* 1.8   5.2* 2.0 

Adjusted Fama-French Three-Factor Model Size-BM 
Control Firm 

  4.2* 1.6   3.8* 0.8   2.4 1.2 

Note: This table presents the percentages of 1000 samples of 200 small firms that reject the null hypothesis 
of no annual, three-year and five-year abnormal returns at 5% level of significance. Panel A and Panel B indicate 
the specification of tests for equally- and value-weighted portfolios respectively. The numbers marked with * 
suggest that the empirical size is significantly different from the 5% significance level. 
 
4.2.2 Book-to-market (BM) ratio 
 
To investigate the specification of the tests under 
study, we consider drawing firms on the basis of BM 
values. To do so, firms are deciled into ten groups 
based on rankings of BM ratio at the end of June each 
year. We choose the groups with the highest BM ratio 
and the lowest BM ratio for robustness check. For 
each group, we select a random sample of 200 firms. 
We repeat the procedure 1000 times and present the 
result in Tables 3A and 3B. Inspecting these tables 
suggests that our proposed calendar time methodology 
yields reasonably well-specified test statistics for each 
type of samples based on book-to-market ratios. Our 
analysis also documents that the BHAR approach 
produces better specified t-statistics when the control 
firm approach is employed, but the rejection level 
increases while using reference portfolios. In addition, 
the conventional Fama-French three-factor model as 
well as its modified version produce misspecified test 
statistics. 
 
4.2.3 Overlapping returns 
 
We consider nonrandom samples based on 
overlapping returns to inspect the behaviour of the 
employed methods in the presence of cross-sectional 
correlation of abnormal returns. Selection of these 
samples involves two steps. The first stage involves a 
random selection of 100 firms from the population. In 
the second stage, for each of these 100 firms, we 

randomly choose a second event month that is within 
H - 1 periods of the original event month (either 
before or after), where H equals 12, 36 or 60. Hence 
we have 200 firms with 200 event months where the 
same firm appears in the sample twice and this 
generates the issue of overlapping returns. This 
procedure is repeated 1000 times and Table 5 presents 
the results. 

The empirical procedure reveals that the BHAR 
approach produces misspecified test statistics and 
these results are consistent with those documented in 
previous studies (e.g. Lyon, Barber, and Tsai (1999) 
and Mitchell and Stafford (2000)). Such 
misspecifications are observed, because the BHAR 
approach assumes that the observations are cross-
sectionally uncorrelated. Jegadeesh and Karceski 
(2009), however, report that this assumption is tenable 
in random samples of event firms, but it would be 
violated in nonrandom samples, where the returns for 
event firms are positively correlated. Our analysis 
further shows that all the calendar time portfolio 
methods yield well-specified test statistics with few 
exceptions occurring in the one year horizon. This 
result is expected, since Fama (1998) and Mitchell and 
Stafford (2000) document that by forming monthly 
calendar time portfolios, all cross-correlations of 
event-firm abnormal returns are automatically 
accounted for in the portfolio variance and hence 
calendar time methodology performs better than 
BHAR approach in the presence of cross-sectional 
correlation of event firm anomalies. 
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Table 3A. Specification of tests in samples of firms with high BM value 
 

Methods Benchmark 1 Year 3 Years 5 Years 
2.5 97.5 2.5 97.5 2.5 97.5 

Panel A: Equally-Weighted Portfolios     
Standardized Calendar Time Approach Size-BM 

Portfolio 
0.2   4.8* 2.4   2.8 1.6 3.4 

Standardized Calendar Time Approach Size-BM 
Control Firm 

0.8   6.0* 2.8   2.3 3.2 1.8 

Buy-and-Hold Abnormal Return Method Size-BM 
Portfolio 

0.0   8.4* 0.0   3.9* 0.7 3.4 

Buy-and-Hold Abnormal Return Method Size-BM 
Control Firm 

1.6   2.9 1.8   4.0* 2.8 3.6 

Fama-French Three-Factor Model Not Applicable 1.2 27.4* 0.0 14.2* 0.7 8.2* 
Adjusted Fama-French Three-Factor 
Model 

Size-BM 
Control Firm 

1.6   3.8* 2.6   1.4 1.1 5.2* 

Panel B: Value-Weighted Portfolios     
Standardized Calendar Time Approach Size-BM 

Portfolio 
0.3   7.2* 3.2   0.8 1.1 2.4 

Standardized Calendar Time Approach Size-BM 
Control Firm 

0.0   3.9* 3.4   1.9 3.6 2.0 

Fama-French Three-Factor Model Not Applicable 0.0 14.8* 0.0   7.8* 0.8 5.6* 
Adjusted Fama-French Three-Factor 
Model 

Size-BM 
Control Firm 

0.8   4.4* 2.9   0.6 3.2 3.8* 

Note: This table presents the percentages of 1000 samples of 200 firms with high BM value that reject the 
null hypothesis of no annual, three-year and five-year abnormal returns at 5% level of significance. Panel A and 
Panel B indicate the specification of tests for equally- and value-weighted portfolios respectively. The numbers 
marked with * suggest that the empirical size is significantly different from the 5% significance level. 
 

Table 3B. Specification of tests in samples of firms with low BM value 
 

Methods Benchmark 1 Year 3 Years 5 Years 
2.5 97.5 2.5 97.5 2.5 97.5 

Panel A: Equally-Weighted Portfolios     
Standardized Calendar Time Approach Size-BM 

Portfolio 
  4.4* 0.6   1.3 2.1 1.2 3.0 

Standardized Calendar Time Approach Size-BM 
Control Firm 

  1.3 3.6   1.2 1.6 2.1 3.4 

Buy-and-Hold Abnormal Return Method Size-BM 
Portfolio 

  9.5* 0.0   3.2 0.8 4.4* 0.0 

Buy-and-Hold Abnormal Return Method Size-BM 
Control Firm 

  1.8 2.4   3.6 1.9 3.6 2.1 

Fama-French Three-Factor Model Not Applicable 17.8* 0.0 12.0* 0.4 3.6 1.3 
Adjusted Fama-French Three-Factor 
Model 

Size-BM 
Control Firm 

  3.6 0.8   5.4* 1.2 4.2* 0.7 

Panel B: Value-Weighted Portfolios     
Standardized Calendar Time Approach Size-BM 

Portfolio 
  1.2 2.8   2.8 3.2 2.4 2.0 

Standardized Calendar Time Approach Size-BM 
Control Firm 

  1.1 2.6   3.6 2.0 2.8 3.1 

Fama-French Three-Factor Model Not Applicable   4.8* 0.3   3.9* 0.4 3.1 0.8 
Adjusted Fama-French Three-Factor 
Model 

Size-BM 
Control Firm 

  3.4 1.6   3.7* 2.7 4.0* 2.8 

Note: This table presents the percentages of 1000 samples of 200 firms with low BM value that reject the 
null hypothesis of no annual, three-year and five-year abnormal returns at 5% level of significance. Panel A and 
Panel B indicate the specification of tests for equally- and value-weighted portfolios respectively. The numbers 
marked with * suggest that the empirical size is significantly different from the 5% significance level. 
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Table 4. Specification of tests in samples of firms with overlapping returns 
 

Methods Benchmark 1 Year 3 Years 5 Years 
2.5 97.5 2.5 97.5 2.5 97.5 

Panel A: Equally-Weighted Portfolios     
Standardized Calendar Time Approach Size-BM 

Portfolio 
4.2* 2.3 3.2 0.9 2.8 2.6 

Standardized Calendar Time Approach Size-BM 
Control Firm 

2.8 1.6 2.0 2.8 2.8 1.3 

Buy-and-Hold Abnormal Return Method Size-BM 
Portfolio 

5.8* 1.6 3.6 4.8* 0.9 3.9* 

Buy-and-Hold Abnormal Return Method Size-BM 
Control Firm 

4.0* 0.2 2.0 4.1* 1.7 4.6* 

Fama-French Three-Factor Model Not Applicable 1.4 7.1* 2.6 5.2* 3.7* 0.8 
Adjusted Fama-French Three-Factor 
Model 

Size-BM 
Control Firm 

1.6 6.1* 1.1 2.0 1.6 2.8 

Panel B: Value-Weighted Portfolios     
Standardized Calendar Time Approach Size-BM 

Portfolio 
1.2 3.9* 2.3 2.6 1.2 2.4 

Standardized Calendar Time Approach Size-BM 
Control Firm 

1.6 3.4 2.1 2.4 2.3 3.0 

Fama-French Three-Factor Model Not Applicable 1.2 5.2* 1.6 3.8* 2.7 1.1 
Adjusted Fama-French Three-Factor 
Model 

Size-BM 
Control Firm 

0.2 4.4* 3.6 2.0 2.1 2.3 

Note: This table presents the percentages of 1000 samples of 200 firms with overlapping returns that reject 
the null hypothesis of no annual, three-year and five-year abnormal returns at 5% level of significance. Panel A 
and Panel B indicate the specification of tests for equally- and value-weighted portfolios respectively. The 
numbers marked with * suggest that the empirical size is significantly different from the 5% significance level. 
 
5 Power 
 
This section documents the power of alternative 
methodologies in random samples. Note that we 
exclude nonrandom samples from our analysis, since 
the t-tests based on such samples are generally 
misspecified. To examine the power of test, we 
introduce a constant level of abnormal return ranging 
from -20% to 20% at an interval of 5% to event firms. 
However, we employ only equally-weighted portfolios 
to make a direct comparison with the BHAR 
approach. In addition, we consider the estimates based 
on control firm approach as BHAR estimators based 
on 25 size-BM reference portfolios are severely 
skewed in random samples. We also exclude the 
traditional Fama-French three-factor model from our 
power analysis as the test statistics based on this 
model are not well-specified in random samples. 
Table 6 indicates the percentages of 1000 random 
samples of 200 firms that reject the null hypothesis of 
zero abnormal returns over a three-year holding 
period. Figure 1 also plots power of the tests. 

It is evident from Table 5 and Figure 1 that our 
proposed standardized calendar time approach 
produces the most powerful t-statistic, followed by the 
BHAR method. The adjusted Fama-French three-
factor model, on the other hand, has low power to 
identify the long-run anomalies. For instance, with 
10% (-10%) per year abnormal returns, the rejection 
rate is 95% (91%) for SCTA, 74%(67%) for the 
BHAR method and 53% (44%) for the modified three-

factor model. We, therefore, conclude that in case of 
detecting the abnormal performance, the standardized 
calendar time approach achieves higher power than 
the BHAR methodology. 
 
6 Conclusions 
 
This paper investigates the performance of the existing 
long-run event study methodologies with the UK 
security market data. Doing so employs the buy-and-
hold abnormal return approach and the calendar time 
portfolio method to measure the return anomalies. 
While numerous recent studies examine the long-term 
stock price performance by exercising these two 
popular approaches, none of the methods is free of 
criticisms. This paper makes the use of a refined 
calendar time methodology, proposed by Dutta 
(2014), to resolve the ongoing debates regarding this 
approach. The empirical analysis indicates that the 
standardized calendar time approach of Dutta yields 
reasonably well-specified test statistics in all types of 
nonrandom samples. The results further show that in 
case of detecting the abnormal performance, this 
standardized calendar time methodology has higher 
power than other empirical procedures used in this 
study. One of the major findings of this study is that 
the Fama-French three-factor model produces 
misspecified test statistics even in random samples. 
Our simulation also reveals that the adjusted three-
factor model performs well after controlling for size 
and book-to-market ratio biases. In addition, the buy-
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and-hold abnormal return approach yields reasonably 
well-specified test statistics when control firm 
approach is employed. But, the BHAR methodology 
possesses lower power than the modified calendar 

time approach. However, we document that all the 
employed approaches perform well in the UK stock 
market. 

 
 

Table 5. Power of alternative methods in random samples 
 

 

Methods           Induced Level of Abnormal Return (%) over 3 Years 
-20 -15 -10 -5 0 5 10 15 20 

Standardized Calendar Time Approach 1.00 0.91 0.62 0.18 0.04 0.23 0.69 0.95 1.00 
Buy-and-Hold Abnormal Return Method 0.89 0.67 0.34 0.11 0.03 0.15 0.43 0.74 0.91 
Adjusted Fama-French Three-Factor Model 0.68 0.44 0.21 0.09 0.04 0.12 0.29 0.53 0.78 

Note: This table presents the percentages of 1000 random samples of 200 firms that reject the null 
hypothesis of no abnormal returns over three-year holding period. We add the levels of annual abnormal return 
indicated in the column heading. In order to make a direct comparison with BHAR approach, only equally-
weighted portfolios are considered in our analysis. In addition, we exclude the reference portfolio approach 
while calculating the power of tests, since the BHAR estimates based on 25 size-BM reference portfolios are 
generally biased in random samples. 

 
 

Figure 1. Simulated power of different methods 
 

This figure represents the percentages of 1000 random samples of 200 firms that reject the null hypothesis 
of no abnormal returns over three-year holding period. We consider equally weighted portfolios to make a direct 
comparison with BHAR approach. The horizontal axis indicates the induced level of annual abnormal returns 
(%), while the rejection rates are shown in the vertical axis. In addition, AFF3FM indicates the adjusted Fama-
French three-factor model. 
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Abstract 

This paper investigates the robustness of existing long-run event study methodol-
ogies using the Asia-Pacific security market data. In doing so, the study employs 
the buy-and-hold abnormal return approach and the calendar time portfolio meth-
od to measure the return anomalies. Since each of these two widely used ap-
proaches has a number of potential pitfalls, we also use standardized calendar 
time approach proposed by Dutta (2014a). The empirical analysis shows that all 
the employed methods are effective in the selected Asia-Pacific security markets. 
Simulations also show that the modified calendar time approach of Dutta docu-
ments better specification and power than the conventional methodologies. 

Keywords: Long-run anomalies, Standardized abnormal returns, Test specifica-
tion, Power of test. 

JEL Classification: C1, G1. 



 Acta Wasaensia     73 

 

I.  Introduction 

Although long-run event studies have an extensive history during the last two 
decades, not a single simulation study focusing on Asia-Pacific security markets 
is found in the literature. Corrado and Truong (2008), however, perform a short-
run event study employing the stock market data from a number of major Asia-
Pacific countries. But, investigating the robustness of existing long-run event 
study methodologies using such non-U.S. security market data is yet to be docu-
mented. The objective of the present study is to conceal this research gap by con-
ducting a long-run event study in leading Asia-Pacific security markets such as 
Australia, China, India, Japan, Singapore and South Korea. 

Long-run event study methodologies have seen many advances over the years. 
The extensive literature includes Barber and Lyon (1997), Kothari and Warner 
(1997), Fama (1998), Lyon, Barber and Tsay (1999), Mitchell and Stafford 
(2000), Boehme and Sorescu (2002) and Jegadeesh and Karceski (2009) Bes-
sembinder and Zhang (2013) and Knif, Kolari and Pynnönen (2013). Reviewing 
this existing literature suggests that the Buy-and-Hold Abnormal Return (BHAR) 
Approach and the Calendar Time Portfolio (CTP) method are commonly used in 
inspecting the long-horizon abnormal performance following major corporate 
events. Following the prior literature, we also employ these two empirical proce-
dures in our simulation study.  

While numerous recent studies consider the applications of these two widely used 
methodologies, each of them is a subject to criticism. Fama (1998), for example, 
documents that the BHAR approach produces misspecified test statistics, since it 
does not address the issue of cross-sectional correlation of event-firm anomalies. 
Mitchell and Stafford (2000) also report that the BHAR methodology should not 
be used in its traditional form. Loughran and Ritter (2000), on the other hand, 
argue that CTP approach loses its power as it weights each month equally.  

Following the work of Dutta (2014a), this paper considers applying the Standard-
ized Calendar Time Approach (henceforth SCTA) where we first standardize the 
abnormal returns for each of the event firms forming the monthly portfolios and 
then each portfolio is weighted such that periods of heavy event activity receive 
more weight than periods of low event activity. However, employing standardized 
abnormal returns is well-documented in the literature. For example, Jaffe (1974) 
and Mandelker (1974) employ standardized portfolio returns for investigating the 
long-run abnormal performance. Fama (1998) also suggests to standardize the 
abnormal returns to resolve the issues raised by Loughran and Ritter (2000). Lat-
er, Mitchell and Stafford (2000) use standardized abnormal returns to alleviate the 
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heteroscedasticity problem that often occurs in CTP approach due to the varying 
portfolio construction. 

The empirical analysis reveals that the Standardized Calendar Time Approach, in 
general, produces well-specified test statistics in all types of nonrandom samples. 
The BHAR approach, on the other hand, yields reasonably well-specified test 
statistics when the control firm approach is employed. While using a reference 
portfolio as the benchmark, the test statistics based on the BHAR methodology 
are not well-specified. Lyon, Barber, and Tsai (1999) also document similar out-
put. To assess the robustness of SCTA, the results of mean monthly calendar time 
abnormal returns (MMCTAR) method are also reported. Simulations show that 
MMCTAR performs well when the abnormal returns are calculated using the con-
trol firm approach. Our findings further document that SCTA achieves higher 
power than other conventional methodologies. We, however, document that all 
the methodologies considered perform well in the selected Asia-Pacific security 
markets. We also recommend the use of control firm approach for measuring the 
long-run abnormal performance of event firms. 

This paper contributes to the prior literature in two ways. First, it investigates - for 
the first time - the robustness of conventional long-run event study approaches in 
Asia-Pacific security markets. Second, it uses a refined version of the traditional 
calendar time methodology which documents better specification and power than 
the common approaches. The remainder of the paper is structured as follows. The 
data and methodology are discussed in section 2. Section 3 illustrates the simula-
tion procedure. Section 4 discusses the test specification. Section 5 documents 
power of the tests, and Section 6 concludes the paper. 

II. Data and Methodology 

We obtain stock prices, market value (MV) and book-to-market (BM) value data 
from DataStream. The sample period ranges from July 1973 to December 2008. 
In this paper, we construct 25 size-BM portfolios as expected return benchmarks. 
In doing so, at the end of June of year t, firms are quantiled into five groups on 
the basis of their market values. Firms are further quantiled into five groups based 
on their book-to-market ratios. However, we also consider a size-BM-matched 
control firm to calculate the abnormal returns. Identifying such a control firm is a 
2-step procedure. First, we identify all the firms with a market value of equity 
between 70% and 130% of the sample firm at the most recent end of June. Then 
from this set of firms, we choose the firm with BM closest to that of the sample 
firm as of the previous December. However, since the currencies of the financial 
markets differ from one to another, we construct the benchmarks for each market 
separately and then merge all the data sets. 
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a) Mean Monthly Calendar Time Abnormal Returns (MMCTAR) 

The calculation of mean monthly calendar time abnormal return (MMCTAR) is 
the following: 

𝑀𝑀𝑀𝑀𝑀𝑀 = 1
𝑇
∑ 𝐶𝐶𝐶𝐶𝑡𝑇
𝑡=1 ,                                         (1) 

where 

𝐶𝐶𝐶𝐶𝑡 = 𝑅𝑝𝑝 − 𝐸(𝑅𝑝𝑝)                                              (2) 

Within this framework, 𝑅𝑝𝑝 is the monthly return on the portfolio of event firms, 
𝐸(𝑅𝑝𝑝) is the expected return on the event portfolio which is proxied by the raw 
return on either a reference portfolio or a control firm and T is the total number of 
months in the sample period. To test the null hypothesis of no abnormal returns, 
the t-statistic of MMCTAR is obtained by using the intertemporal standard devia-
tion of the monthly CTARs defined in equation (2). 

b) Standardized Calendar Time Approach (SCTA) 

Forming the monthly portfolios in the standardized calendar time approach in-
volves two steps (Dutta, 2014a). We first calculate the standardized abnormal 
returns for each of the sample firms. In doing so, the abnormal returns for firm i 
are computed as 𝜀𝑖𝑖 = 𝑟𝑖𝑖 − 𝐸(𝑟𝑖𝑖); 𝑡 = 1, … ,𝐻, where 𝑟𝑖𝑖 denotes the log return 
on event firm i in the calendar month t and 𝐸(𝑟𝑖𝑖) is the expected return which is 
proxied by the raw return either 25 size-BM reference portfolios or a size-BM 
matched control firm and H is the holding period which equals 12, 36 or 60 
months. The next task is to estimate the event-portfolio residual variances using 
the H-month residuals computed as monthly differences of i-th event firm returns 
and control firm returns. Dividing 𝜀𝑖𝑖 by the estimate of its standard deviation 
yields the corresponding standardized abnormal return, say, 𝑧𝑖𝑖, for event firm i in 
month t. Now let 𝑁𝑡 refer to the number of event firms in the calendar month t. 
We then calculate the calendar time abnormal return for portfolio t as: 

 𝐶𝐶𝐶𝐶𝑡 = ∑ 𝑥𝑖𝑖𝑧𝑖𝑖
𝑁𝑡
𝑖=1 ,                                                     (3) 

where the weight 𝑥𝑖𝑖 equals 1
𝑁𝑡

 when the abnormal returns are equally-weighted 

and 𝑀𝑀𝑖𝑖∑𝑀𝑀𝑖𝑖
 when the abnormal returns are value-weighted by size. 

Following the work of Dutta, each of the monthly CTARs is weighted by 

1 ��∑ 𝑥𝑖𝑖2
𝑁𝑡
𝑖=1 �� . For instance, when the abnormal returns are equally weighted i.e., 
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when 𝑥𝑖𝑖 = 1
𝑁𝑡

, then 1 ��∑ 𝑥𝑖𝑖2
𝑁𝑡
𝑖=1 �� = �𝑁𝑡. This weighting scheme is lucrative as 

it gives more loadings to periods of heavy event activity than the periods of low 
event activity. Now the grand mean monthly abnormal return, denoted by 𝐶𝐶𝐶𝐶��������, 
is calculated as: 

𝐶𝐶𝐶𝐶�������� = 1
𝑇
∑ 𝐶𝐶𝐶𝐶𝑡𝑇
1                                                       (4)                                

While finding 𝐶𝐶𝐶𝐶��������, it might be the case that a number of portfolios do not con-
tain any event firm. In such situations, those months are dropped from the analy-
sis. To test the null hypothesis of no abnormal performance, the t-statistic of 
𝐶𝐶𝐶𝐶�������� is computed by using the intertemporal standard deviation of the monthly 
CTARs defined in equation (3). 

c) Buy-and-Hold Abnormal Return (BHAR) 

To assess the robustness of our findings, we investigate the result of the BHAR 
methodology. An H-month BHAR for event firm i is defined as: 

 𝐵𝐵𝐵𝐵𝑖𝑖 = ∏ (1 + 𝑅𝑖𝑖)𝐻
𝑡=1 − ∏ (1 + 𝑅𝐵𝐵)𝐻

𝑡=1 ,              (5)                                                        

where 𝑅𝑖𝑖 denotes the return on event firm i at time t and 𝑅𝐵𝐵 indicates the return 
on a control firm. 

To test the null hypothesis that the mean buy-and-hold return equals zero, the 
conventional t-statistic is given by: 

 𝑡𝐵𝐵𝐵𝐵 = 𝐵𝐵𝐵𝐵𝐻�����������

𝜎(𝐵𝐵𝐵𝐵𝐻) √𝑛⁄ ,                                                  (6) 

where 𝐵𝐵𝐵𝐵𝐻���������� implies the sample mean and 𝜎(𝐵𝐵𝐵𝐵𝐻) refers to the cross-
sectional sample standard deviation of abnormal returns for the sample containing 
n firms.  

However, the earlier studies such as Mitchell and Stafford (2000), Boehme and 
Sorescu (2002), Jegadeesh and Karceski (2009) report that the BHAR approach 
does not control well for the cross-sectional correlation among individual firms in 
nonrandom samples and thus yields misspecified t-statistics. Moreover, the test 
statistics based on BHARs also have this misspecification problem, since the dis-
tribution of BHARs is highly skewed. Though bootstrapping corrects for the 
skewness problem to some extent, it ignores the cross-sectional dependence of 
abnormal returns. 
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III. SIMULATTION METHOD 

To test the specification of the t-statistics, we randomly select 1000 samples of 
200 event months without replacement. For each of these 200 event months, we 
randomly draw one stock from the population of all stocks that are active in the 
database for that month. For a well-specified test statistic, 1000𝛼 tests reject the 
null hypothesis. A test is conservative if fewer than 1000𝛼 null hypotheses are 
rejected and is anticonservative if more than 1000𝛼 null hypotheses are rejected. 
Based on this procedure, we test the specification of the t-statistic at 5% theoreti-
cal levels of significance. A well-specified null hypothesis rejects the null at the 
theoretical rejection level in favor of the alternative hypothesis of negative (posi-
tive) abnormal returns in 1000𝛼/2 samples.  

IV. TEST SPECIFICATION 

This section addresses the specification of tests under study. Results of both ran-
dom as well as nonrandom samples are reported. We consider nonrandom sam-
ples based on book-to-market ratio and overlapping returns. Since the currencies 
differ from market to market, specification of tests in samples with small or large 
firms is not included in our analysis. 

a) Random Samples 

Table I reports the rejection rates in 1000 simulations with a random sample of 
200 firms. The empirical analysis suggests that all the t-statistics based on buy 
and hold abnormal returns calculated using the reference portfolio approach are 
negatively biased implying that these tests have higher rejection rates in the lower 
tail. However, when the BHARs are calculated from control firms, such misspeci-
fications are significantly reduced. For example, for a 3-year holding period, the 
rejection rates at 5% level of significance are 28.4% and 0% for reference portfo-
lio method and 3.3% and 1.8% for control firm approach.  

Though there exists some evidence of negative bias when the reference portfolio 
approach is used at an annual horizon, the standardized calendar time approach 
generally produces well-specified test statistics in random samples regardless of 
whether reference portfolio method or control firm approach is adopted. For ex-
ample, for a 5-year holding period and with equally-weighted portfolios, the re-
jection rates at 5% level of significance are 1.1% and 3.6% for reference portfolio 
method and 2.1% and 1.3% for control firm approach. Finally, the t-statistics 
based on mean calendar time abnormal returns are better specified when control 
firm approach is employed. 
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Table I: Specification of Tests in Random Samples 

        
Methods Benchmark 1 Year 3 Years 5 Years 

2.5 97.5 2.5 97.5 2.5 97.5 

Panel A: Equally-Weighted Portfolios 

Standardized Ca-
lendar Time Ap-
proach 

Size-BM Portfo-
lio   5.6* 0.0   3.2 1.2   1.1 3.6 

Standardized Ca-
lendar Time Ap-
proach 

Size-BM Cont-
rol Firm   1.2 2.8   2.8 2.4   2.1 1.3 

Buy-and-Hold 
Abnormal Return 
Method 

Size-BM Portfo-
lio 20.8* 0.0 28.4* 0.0 38.2* 0.0 

Buy-and-Hold 
Abnormal Return 
Method 

Size-BM Cont-
rol Firm   4.6* 1.9   3.3 1.8   3.1 2.4 

Mean Calendar 
time Abnormal 
returns 

Size-BM Portfo-
lio   5.2* 1.6   2.0 1.2   4.2* 0.9 

Mean Calendar 
time Abnormal 
returns 

Size-BM Cont-
rol Firm   3.2 0.8   2.2 1.4   2.3 2.1 

Panel B: Value-Weighted Portfolios 

Standardized Ca-
lendar Time Ap-
proach 

Size-BM Portfo-
lio   6.0* 0.0   3.6 1.2   2.0 3.2 

Standardized Ca-
lendar Time Ap-
proach 

Size-BM Cont-
rol Firm   1.2 1.2   2.4 2.0   2.6 2.4 

Mean Calendar 
time Abnormal 
returns 

Size-BM Portfo-
lio   2.4 1.2   4.8* 0.9   6.2* 0.8 

Mean Calendar 
time Abnormal 
returns 

Size-BM Cont-
rol Firm   2.6 0.8   1.8 3.2   2.1 2.3 

        Note. This table presents the percentages of 1000 random samples of 200 firms that reject the 
null hypothesis of no annual, three-year and five-year abnormal returns at 5% level of signifi-
cance. Panel A and Panel B indicate the specification of tests for equally- and value-weighted 
portfolios respectively. The numbers marked with * suggest that the empirical size is signifi-
cantly different from the 5% significance level. 
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b) Nonrandom Samples 

Book-to-Market (BM) Ratio 

For assessing the specification of the methods considered, we sample firms on the 
basis book-to-market (BM) ratio. To serve this purpose, firms are first deciled 
into ten groups based on rankings of BM ratio at the end of June each year. We 
then choose the groups with the highest BM ratio and the lowest BM ratio for 
robustness check. For each group, we select a random sample of 200 firms. We 
repeat the procedure 1000 times. The results are presented in Table II and Table 
III which reveal that test statistics based on standardized calendar time approach 
are well-specified in most cases. For example, for a 3-year holding period and 
with value-weighted portfolios and for firms with high book-to-market ratio, the 
rejection rates at 5% level of significance are 1.2% and 3.0% for SCTA, and 1.2% 
and 4.4% for MMCTAR method when we consider the control firm approach. 
The BHAR method, on the other hand, produces either positively or negatively 
skewed test statistics depending on high or low book-to-market value respective-
ly. 
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Table II: Specification of Tests in Samples of Firms with High BM 
Value 
        

Methods Benchmark 1 Year 3 Years 5 Years 
2.5 97.5 2.5 97.5 2.5 97.5 

Panel A: Equally-Weighted Portfolios 

Standardized Ca-
lendar Time Ap-
proach 

Size-BM Portfo-
lio 0.0   6.0* 2.0   2.4 0.8   3.2 

Standardized Ca-
lendar Time Ap-
proach 

Size-BM Cont-
rol Firm 3.8*   0.4 1.2   2.6 3.6   2.1 

Buy-and-Hold 
Abnormal Return 
Method 

Size-BM Portfo-
lio 0.0 13.8* 0.0 22.1* 0.0 26.8* 

Buy-and-Hold 
Abnormal Return 
Method 

Size-BM Cont-
rol Firm 0.0   6.4* 2.3   2.8 0.9   3.1 

Mean Calendar 
time Abnormal 
returns 

Size-BM Portfo-
lio 0.0   6.8* 0.0   5.6* 4.0*   2.0 

Mean Calendar 
time Abnormal 
returns 

Size-BM Cont-
rol Firm 0.2   4.8* 3.6   0.8 2.2   3.0 

Panel B: Value-Weighted Portfolios 

Standardized Ca-
lendar Time Ap-
proach 

Size-BM Portfo-
lio 0.4   5.6* 3.6   2.8 0.3   5.1* 

Standardized Ca-
lendar Time Ap-
proach 

Size-BM Cont-
rol Firm 2.0   2.3 1.2   3.0 2.8   1.8 

Mean Calendar 
time Abnormal 
returns 

Size-BM Portfo-
lio 0.8   5.4* 3.7*   1.2 2.0   3.2 

Mean Calendar 
time Abnormal 
returns 

Size-BM Cont-
rol Firm 0.4   6.0* 1.2   4.4* 2.3   3.6 

        

Note. This table presents the percentages of 1000 samples of 200 firms with high BM value that reject the null 
hypothesis of no annual, three-year and five-year abnormal returns at 5% level of significance. Panel A and Panel 
B indicate the specification of tests for equally- and value-weighted portfolios respectively. The numbers marked 
with * suggest that the empirical size is significantly different from the 5% significance level. 
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Table III: Specification of Tests in Samples of Firms with Low BM 
Value 

Methods Benchmark 1 Year 3 Years 5 Years 
2.5 97.5 2.5 97.5 2.5 97.5 

Panel A: Equally-Weighted Portfolios 

Standardized Calen-
dar Time Approach 

Size-BM Portfo-
lio   4.8* 0.0   3.8* 1.1   2.3 2.7 

Standardized Calen-
dar Time Approach 

Size-BM Control 
Firm   3.7* 1.6   2.8 0.4   3.6 1.3 

Buy-and-Hold Ab-
normal Return 
Method 

Size-BM Portfo-
lio 14.0* 0.2 22.6* 0.0 28.2* 0.0 

Buy-and-Hold Ab-
normal Return 
Method 

Size-BM Control 
Firm   4.2* 0.4   3.8* 0.6   2.4 2.6 

Mean Calendar time 
Abnormal returns 

Size-BM Portfo-
lio   6.8* 0.0   4.6* 1.2   3.1 0.8 

Mean Calendar time 
Abnormal returns 

Size-BM Control 
Firm   4.4* 0.0   3.8* 2.6   3.2 0.4 

Panel B: Value-Weighted Portfolios 

Standardized Calen-
dar Time Approach 

Size-BM Portfo-
lio   4.0* 0.2   3.7* 1.8   1.6 2.0 

Standardized Calen-
dar Time Approach 

Size-BM Control 
Firm   2.8 2.1   2.6 0.3   3.2 2.0 

Mean Calendar time 
Abnormal returns 

Size-BM Portfo-
lio   4.9* 0.6   3.8* 1.6   2.8 2.6 

Mean Calendar time 
Abnormal returns 

Size-BM Control 
Firm   4.2* 0.4   2.1 2.3   3.4 2.8 

        Note. This table presents the percentages of 1000 samples of 200 firms with low BM value that reject the null 
hypothesis of no annual, three-year and five-year abnormal returns at 5% level of significance. Panel A and 
Panel B indicate the specification of tests for equally- and value-weighted portfolios respectively. The num-
bers marked with * suggest that the empirical size is significantly different from the 5% significance level. 
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Overlapping Returns 

In order to investigate the performance of the employed methods in the presence 
of cross-sectional correlation of abnormal returns, we draw nonrandom samples 
based on overlapping returns. Such samples are selected in two steps. First, we 
randomly select 100 firms from the population. Then for each of these 100 firms, 
we randomly draw a second event month that is within H-1 periods of the original 
event month (either before or after), where H is equal to 12, 36 or 60. This two-
step procedure yields 200 firms with 200 event months where the same firm ap-
pears in the sample twice and hence generates the issue of overlapping returns. 
We repeat the same approach 1000 times and Table IV indicates the output. 

Our findings report that the BHAR approach yields misspecified test statistics at 
all three investment periods. Other empirical studies such as Lyon, Barber and 
Tsay (1999) and Mitchell and Stafford (2000) document similar results. This mis-
specification occurs since the BHAR approach assumes that the observations are 
not cross-sectionally correlated. Jegadeesh and Karceski (2009) argue that such 
assumption is tenable in random samples of event firms, but it would be violated 
in nonrandom samples, where the event firm returns are positively correlated. 

We further document that test statistics based on the calendar time methods are, in 
general, well-specified when return calculations overlap. The numbers presented 
in Table IV reveal that the value-weighted scheme produces lower rejection com-
pared with the equally-weighted scheme. For example, for a 1-year holding peri-
od and with equally-weighted portfolios and when the reference portfolio method 
is considered, the rejection rates at 5% level of significance are 5.4% and 0% for 
the t-statistics produced by the modified CTP approach. The corresponding rejec-
tion rates are 2.8% and 0.4% when the portfolios are value-weighted. We, there-
fore, recommend that the value-weighted scheme should be employed if misspec-
ifications occur due to overlapping returns. However, when the abnormal perfor-
mance is measured on the basis of control firm approach, the performance of the 
mean monthly calendar time abnormal returns method improves. 
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Table IV: Specification of Tests in Samples of Firms with Overlap-
ping Returns 

Methods Benchmark 1 Year 3 Years 5 Years 
2.5 97.5 2.5 97.5 2.5 97.5 

Panel A: Equally-Weighted Portfolios 

Standardized Calen-
dar Time Approach 

Size-BM Portfo-
lio   5.4* 0.0   0.4 2.3   2.4 0.8 

Standardized Calen-
dar Time Approach 

Size-BM Control 
Firm   4.0* 1.6   3.2 3.6   1.9 3.1 

Buy-and-Hold Ab-
normal Return 
Method 

Size-BM Portfo-
lio 12.8* 0.6 21.6* 0.0 29.2* 0.0 

Buy-and-Hold Ab-
normal Return 
Method 

Size-BM Control 
Firm   6.2* 0.2 11.4* 0.0 20.2* 0.0 

Mean Calendar time 
Abnormal returns 

Size-BM Portfo-
lio   6.4* 1.4   3.6 1.2   2.1 1.3 

Mean Calendar time 
Abnormal returns 

Size-BM Control 
Firm   5.6* 1.2   3.4 2.4   3.2 1.8 

Panel B: Value-Weighted Portfolios 

Standardized Calen-
dar Time Approach 

Size-BM Portfo-
lio   2.8 0.4   2.1 2.8   2.9 1.6 

Standardized Calen-
dar Time Approach 

Size-BM Control 
Firm   1.6 1.2   3.2 1.4   2.0 3.6 

Mean Calendar time 
Abnormal returns 

Size-BM Portfo-
lio   6.0* 0.4   2.3 2.6   2.8 1.2 

Mean Calendar time 
Abnormal returns 

Size-BM Control 
Firm   3.4 0.2   2.0 1.2   1.6 2.1 

        Note. This table presents the percentages of 1000 samples of 200 firms with overlapping returns that reject the 
null hypothesis of no annual, three-year and five-year abnormal returns at 5% level of significance. Panel A 
and Panel B indicate the specification of tests for equally- and value-weighted portfolios respectively. The 
numbers marked with * suggest that the empirical size is significantly different from the 5% significance 
level. 
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V. POWER 

In this section, we document the power of alternative methods considered. We, 
however, consider only random samples, since the t-tests are generally misspeci-
fied in nonrandom samples. In order to evaluate the power of test, we introduce a 
constant level of abnormal return ranging from -20% to 20% at an interval of 5% 
to event firms. We also consider equally-weighted portfolios to make a direct 
comparison with BHAR approach. In addition, we consider the estimates based 
on control firm approach as BHAR estimators based on 25 size-BM reference 
portfolios are severely skewed in random samples. Table V reports the percent-
ages of 1000 random samples of 200 firms that reject the null hypothesis of no 
abnormal performances over a three-year investment period. Figure 1 plots power 
of the tests, too. Our results are also robust when the holding periods are one year 
as well as five years. 

Inspecting Table V and Figure 1 confirms that test statistics based on the stand-
ardized calendar time approach are more powerful than those based on traditional 
methods. For instance, with 20% per year abnormal returns, the rejection rate is 
100% for SCTA, 98% BHAR method and 92% for MMCTAR approach. We, like 
Dutta (2014b), conclude that the standardized calendar time approach has suffi-
cient power to detect the abnormal performance of event firms. Loughran and 
Ritter (2000), however, claim that calendar time methodology has lower power 
than the event time approaches. Angand Zhang (2004) also argue that the calen-
dar time portfolio approach starts lacking power as the holding period increases. 
In this paper, we find no evidence supporting these statements. In fact, we show 
that the standardized calendar time approach documents better power than the 
BHAR methodology. 
Table V: Power of Alternative Methods in Random Samples 
          

Methods 
Induced Level of Abnormal Return (%) over 3 Years 

-20 -15 -10 -5 0 5 10 15 20 
Standardized Calendar 
Time Approach 

0.98 0.78 0.61 0.19 0.05 0.33 0.78 0.97 1.00 

Buy-and-Hold Abnormal 
Return Method 

0.97 0.71 0.58 0.18 0.05 0.27 0.64 0.81 0.98 

Mean Calendar time 
Abnormal returns 

0.88 0.68 0.49 0.16 0.04 0.22 0.59 0.78 0.92 

          Note. This table presents the percentages of 1000 random samples of 200 firms that reject the null hypothesis of no 
abnormal returns over a three-year holding period. We add the levels of annual abnormal return indicated in the 
column heading. In order to make a direct comparison with BHAR approach, only equally-weighted portfolios are 
considered in our analysis. In addition, we exclude the reference portfolio approach while calculating the power of 
tests, since the BHAR estimates based on 25 size-BM reference portfolios are generally biased in random samples. 
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Figure 1: This figure represents the percentages of 1000 random samples of 200 
firms that reject the null hypothesis of no abnormal returns over a three-year hold-
ing period. We consider equally weighted portfolios to make a direct comparison 
with BHAR approach. The horizontal axis indicates the induced level of annual 
abnormal returns (%), while the rejection rates are shown in the vertical axis. 

VI. CONCLUSIONS 

This paper investigates the robustness of existing long-run event study methodol-
ogies in the leading Asia-Pacific stock markets. In doing so, the present study 
employs the buy-and-hold abnormal return approach and the calendar time portfo-
lio method to measure the return anomalies. While a large number of studies ex-
amine the long-term stock price performance by exercising these two popular 
approaches, none of the methods is free of criticisms. In order to solve the ongo-
ing debates, we consider the application of standardized calendar time approach 
(SCTA) of Dutta (2014a). To measure the abnormal performance of the sample 
firms, both control firm approach and reference portfolio approach have been 
adopted. The empirical analysis indicates that the traditional methods are found to 
be effective in leading Asia-Pacific security markets. We report that test statistics 
based on SCTA are generally well-specified in all types of nonrandom samples 
considered. The BHAR approach, on the other hand, yields reasonably well-
specified test statistics only when the control firm approach is employed. Our 
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simulations show that the mean monthly calendar time abnormal return method-
ology performs well when the abnormal returns are calculated using the control 
firm approach. We, therefore, advocate the use of control firm method for meas-
uring the long-run abnormal performance of event firms. However, in case of 
detecting the abnormal performance, SCTA documents higher power than other 
empirical procedures used in this study. It is noteworthy that a well-specified test 
statistic is useless if it does not have power to correctly detect the signal of an 
abnormal return. Alternatively, instead of ability to detect the alternative hypothe-
sis when it is true, power is the probability that a test correctly rejects the null 
hypothesis when it is false. Without power, statistical tests are useless in making 
inferences about a statistical population. Thus we strongly recommend the appli-
cation of standardized calendar time approach in the analysis of long-term stock 
returns after corporate events. 
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