Can Size Effect Be Explained by the Survivorship Bias and Bankruptcy Risk?
Chin-Chen Chien

Department of Accountancy

National Cheng Kung University

Tainan, Taiwan, R. O. C.

E-mail: chien442001@yahoo.com.tw
Fax: 002-886-6-2744104

Phone: 002-886-6-2757575 Ext:53431

  Tsung-Cheng Chen

Department of Accounting and Information

Tainan University of Technology
Tainan, Taiwan, R. O. C.

E-mail: chung_chen111@yahoo.com.tw
Fax: 002-886-6-2545396
Phone: 002-886-6-2535649

Can Size Effect Be Explained by the Survivorship Bias and Bankruptcy Risk?
Chin-Chen Chien and Tsung-Cheng Chen

Abstract

Empirical research proposed by Reinganum has indicated that the bias in beta estimations appears to not explain completely the size effect, and the small firm anomaly is still a significant phenomenon. This paper shows that the small firm effect is not a significant anomaly after correcting the survivorship bias of the sample. Furthermore, the empirical evidence presents a significant large firm anomaly when taking account into the neglected risk premiums of bankruptcy in the previous literature.
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I. Introduction

    In recent years, not only small and medium but also big enterprises have filed for bankruptcy. Among those famous cases are WorldCom, Enron, Global Crossing, Kmart, and United Airlines. Thus, how to choose the right security, especially stock issued by a listed firm, is obviously of interest to investors. In the 1960s and 1970s, the weak-form efficient market hypothesis (EMH afterhere) was strongly supported by empirical evidence from the US and UK markets. In this, an indication of abnormally high returns will attract investors and increase the demand for the security, thus increasing the price of the security and eliminating abnormal returns. However, evidence in support of the EMH has been disputed, and overwhelming empirical evidence against the EMH has accumulated since the 1980s. These phenomenons against the EMH are called anomalies. Notably that the stock returns are higher for small firms than for large firms is a well-known market anomaly that has empirical support.
Banz (1981), Reinganum (1982), and subsequently others documented a negative relationship between average stock returns and the market value of the firm, even when accounting for systematic risk, i.e. beta. However, the size of a company is public information, so could the strategy of trading stocks based on the size of the firm really produce higher abnormal returns for investors, or is it under the illusion that investing in small firms is better? Several studies have tried to explain the size effect by proposing different hypotheses. These explanations include beta measurement error, P/E ratio, tax-loss selling effect, transaction costs and trading volume, macro economic risk factors in an APT framework, differential information effect, dividend rate and stock volatility, economic cycle, and share price effect. So far, whether investing in smaller stocks could really get higher returns is still in dispute, and thus deserves to be investigated further.

    Roll (1981) argued that the beta estimates were improperly measured, and conjectured that the risks of small firms were underestimated because they were traded less frequently, and the risks of large firms were overestimated because of being traded more frequently, with the result that the risk-adjusted performance of smaller firms appears to better than of large firms. Later, Reinganum (1982) reexamined Roll’s proposition on the size effect by a direct test of data on the market capitalizations of individual firms on the NYSE and AMEX, and the use of the Dimson (1979) method for estimating beta, and showed that the bias in beta estimation appears to not explain the size effect completely. However, Reinganum and other scholars seemed to not consider the return at the delisting month. According to Aharony and Swary (1988), a common stock investor may lose his entire investment due to limited liability when bankruptcy occurs. That is, the investor’s rate of return in the period of firm bankruptcy is -100%, because the stock price would drop to zero, assuming no dividend was paid during the period. For the bankrupt firms, they might window dress their financial statements or manage earnings to maintain their stock prices or stock returns well before the disclosure of bankruptcy information. We argue that the neglected returns at the month that bankruptcy occurs would overestimate the returns of smaller firms. Therefore, we suggest that the dataset should consist of the neglected returns at the month of firm bankruptcy, i.e. -100%, besides including the firms that have ceased trading on NYSE, AMEX or NASDAQ to ensure that survivorship bias is kept at a minimum.
Furthermore, according to the principle of diversification, if we only hold a single stock then the value of our investment would fluctuate because of company-specific events. On the other hand, if we hold a large portfolio, some of the stocks in the portfolio will go up in value because of positive company-specific events and some will go down in value because of negative events. The net effect on the overall value of the portfolio will be relatively small, because these effects will tend to cancel each other out. Additionally, the total risk of an investment as measured by the standard deviation of its returns can be viewed as the sum of the systematic and the unsystematic risks. As a result, the unsystematic risk is negligible, and essentially all of the risk is systematic for a well-diversified portfolio. However, Aharony et al. (1980) observed that the average total variance and residual variance of stock returns for a group of bankrupt firms were larger significantly than those of a control group of solvent firms before bankruptcy. They also showed no significant differences in the average systematic risk, i.e. beta, between bankrupt and solvent firms. Aharony and Swary (1988) defined a measure of bankruptcy by using stock market data, and proposed a relationship between the probability of failure and the level of the systematic and unsystematic risk. They concluded that the probability of failure is positively related to the unsystematic risk, but the relationship between beta and the probability of bankruptcy may be not clear. In addition, Opler and Titman (1994) and Asquith et al. (1994) found that bankruptcy is related to idiosyncratic factors. Therefore, we suggest that the risk premium of bankruptcy should be considered by most investors because they do not hold a well-diversified portfolio, and firm size may be just a proxy for the bankruptcy factor.
In summary, this study attempts to provide two alternative explanations for the size anomaly documented in the literature, in contrast to Reinganum (1982). One is that the potential survivorship bias might result in higher stock returns for small firms, and the other is that the size effect might be attributed to the neglected bankruptcy premium. In the empirical results, we showed that the small firm anomaly is not a significant phenomenon after taking into account the survivorship bias. Moreover, the results indicate a significant large firm anomaly when adjusting the risk premiums of bankruptcy. The results are robust in the different sub-periods, and are more pronounced in months other than January.
The remainder of this study is organized as follows. Section II presents the literature review of relevant papers, and addresses the hypothesis development. Section III shows the research design, including the sample selection, data source, research methodology, and the measurement of variables. Section IV provides the empirical results and analyses. The summary and possible implications of the findings are in the final section.

II. Literature Review and Hypothesis Development

    In this section, the results from relevant papers are summarized, and two alternative explanations for the size effect are developed according to arguments about survivorship bias and the risk of bankruptcy.
A. The Literature Review
    Among the studies about the size effect, Banz (1981) first examined the relationship between the total market value of the common stock of a firm and its return for the period from 1936 to 1975, and found that the risk-adjusted stock returns of small NYSE firms were significantly higher than those of large NYSE firms, but did not investigate whether firm size was just a proxy for unknown true factors correlated with the market value of firms or why the size effect exists. Evidence of the size anomaly was documented in subsequent studies of different countries, like the UK (Levis 1989), Canada (Elfakhani et al. 1998 and Elfakhani and Wei 2003), and Mexico (Herrera and Lockwood 1994).

  Roll (1981) used the index data of the S&P 500, NYSE and AMEX listed securities, and demonstrated that because small firms are traded less frequently, the risk measure (beta) obtained from short interval returns data, such as daily stock returns, seriously underestimates the actual risk of holding a small firm portfolio and correspondingly overestimates the risk-adjusted stock returns. Roll argued that the effect of nonsynchronous trading, which is more prevalent for a small firms portfolio, results that the measure of beta will be biased downward, and CAPM tests will falsely indicate positive excess returns for a small firms portfolio. Roll suggested that the size effect might be attributed to improper estimation of security beta by using ordinary least squares (OLS afterhere), and the aggregated coefficients method proposed by Dimson (1979) seems to be a superior technique.
 However, Reinganum (1982) used daily returns for stocks on both the NYSE and AMEX, and reexamined Roll’s proposition on the firm size effect by using both the Scholes-Williams (1977) and the Dimson (1979) methods of estimating beta, and showed that although the direction of the bias in beta estimation is consistent with Roll’s conjecture, the importance of the bias appears to be insufficient to explain the size anomaly.
Subsequent studies still attempted to explain this phenomenon, including P/E ratio effect (Reinganum 1981a, Badrinath and Kini 1994), tax-loss selling effect (Reinganum 1983), transaction costs and trading volume (Schultz 1983, Stoll and Whaley 1983, and James and Edmister 1983), macro economic risk factors in an APT framework (Reinganum 1981b and Chan et al. 1985), differential information effect (Barry and Brown 1984, 1985, Nathan 1997, and Elfakhani and Zaher 1998), dividend rate and stock volatility (Fernholz 1998), and economic cycle (Kim and Burnie 2002). Even if these explanations have been addressed in the literature, the small firm anomaly remains a puzzle.
B. The Hypothesis Development
B.1. Survivorship Bias

Previous research excluded stocks that do not meet a minimum period of survival by only keeping stocks that had survived for most of the sampling period or resulting from database selection (Reinganum 1982, James and Edmister 1983, Reinganum 1983, Schultz 1983, and Nathan 1997).
 That is, the databases potentially face the problem of survivorship bias, to the extent that they do not contain data on delisting firms. Because small firms are likely to not exist at the end of the period, due to bad performance or bankruptcy, the missing stock returns would likely result in overestimating the stock returns for small firms. Therefore, it is our first hypothesis that the size effect would become not significant when taking into account the potential survivorship bias derived from the sample. If so, the survivorship bias deserves to be explored.


There has recently been a surge of research on the survivorship bias in finance. The best evidence on the importance and the impact of the research on selection bias in economics and finance is that the 2000 Nobel Prize for Economics was awarded to Heckman for his development of the theory and two-step correction method for analyzing selective samples. To the best of our knowledge, however, no studies have used the Heckman two-step method (Heckman 1979) to deal with the problem of survivorship bias when investigating the small firm effect. Thus, before including the delisting firms along with the surviving firms, the Heckman method could be employed to examine whether the potential survivorship bias is significant in the empirical analysis. If so, it will be necessary to reinvestigate the existence of the small firm effect after correcting for the survivorship bias using the Heckman two-step efficient estimator procedure.
B.2. Risk of Bankruptcy
From another angle, most studies take beta into account, but pay little attention to the risk of bankruptcy. In the literature, the relationship between the age of a firm and the probability of bankruptcy is well known. Levinthal (1991) indicated that older organizations tend to be organizations with success in previous periods, and the successful experience will buffer them against failure for a certain time. It seems logical that older firms that take a loss may survive for some time by making use of their earnings reserves. For younger firms, the critical challenge is to establish valuable resources and capabilities that lead to the generation of positive cash flow before initial assets are depleted. Thus, a protracted period of adverse trading is less likely for younger firms, and the bankruptcy of younger firms is hard to predict several years in advance (Pompe and Bilderbeek 2005). Generally, younger firms tend to be smaller than older firms, and Bruderl and Schussler (1990) showed that larger organizations have more resources to weather bad periods and thus a gradual decline towards bankruptcy would seem more likely for them.
Moreover, the relationship between the probability of bankruptcy and firm size may be negative for several reasons. First, the larger the firm is, the less the business risk and lower the variance of earnings is because of more diversification (Warner 1977 and Wald 1999). Second, the larger the firm is, the easier it is to borrow in the market because of fewer information asymmetries and more collateral, making such companies less risky from the point of view of lenders (Myers 1977). Third, larger firms have more tax offsets or a lower effective tax rate (Stickney and McGee 1982, Porcano 1986, and Mills et al. 1998). Fourth, larger firms are likely to have more clout to renegotiate or reschedule debt payments with their creditors.

Fifth, the larger the firm is, the lower bankruptcy costs per dollar of assets or debt, as shown in previous empirical evidence.
 Warner (1977) found that the ratio of direct bankruptcy costs to the market value of the firm appears to fall as the value of the firm increases for railroads. This scale effect was confirmed by using logarithmic and quadratic regression equations of cost and asset values (Ang et al. 1982). Altman (1984) also showed that the relative costs decline with increases in firm value for retail and industrial firms. Guffey and Moore (1991) concluded that larger firms in the trucking industry tend to have proportionally lower direct bankruptcy costs. They suggested the evidence of economies of scale in bankruptcy costs, implying that firm size appears to be a common factor in explaining bankruptcy costs. Thus, if the fixed portion of bankruptcy costs is large, then marginal bankruptcy costs may be lower for large firms, ceteris paribus.
Finally, Chung (1993) suggested that larger firms’ bond ratings are higher and interest rates of debt are lower than smaller firms’ ratings because of their capability to diversify and lower bankruptcy costs. Therefore, the larger the firm is, the higher the leverage is. Rajan and Zingales (1995) suggested that size may be a proxy for the inverse probability of default, so it should be positively related to leverage, which is consistent with the trade-off theory and the proposition suggested by Castanias (1983) that the relationship between the probability of bankruptcy and leverage is negative.
Based on these reasons, we suggest that the higher returns for the small firms may come from their expected higher risk premium of bankruptcy. Thus, the second argument in this study is that there should not be a small firm anomaly after adjusting for the neglected bankruptcy risk premium.
III. Research Design

A. The Sample Selection and Data Source

All firms once listed on the New York, American, or NASDAQ stock markets for the period from January 1, 1986 through December 31, 2005 are included in this study.
 The data sources and the criteria used to classify companies are described as follows. First, the source of the returns data is the monthly returns tape of the University of Chicago’s Center for Research in Securities Prices (CRSP), used for the following reasons. Blume and Stambaugh (1983) suggested that previous estimates of the size effect based on daily returns data significantly overstate the magnitude of the size effect, and the returns under the buy-and-hold strategy largely avoid the bias. In addition, Roll (1983) provided evidence that the computational method used to generate the average return has a substantial effect on the estimated small firm premium. Roll showed that the buy-and-hold method for the sample mean returns, which gives an unbiased estimate of return in the holding period on a realistic portfolio, generates an estimated small firm premium only half as large as the arithmetic and rebalance methods which are often used in empirical studies. Roll suggested that the estimated premium overstates the reward investors can expect from a buy-and-hold position in small firms when the basic data was very short-term and arithmetic or rebalanced means were used. Thus, studies with monthly returns are apparently much less subject to estimation problems of mean return. In addition, the nonsyncronous trading problem is also more pronounced when using daily data.

Second, we use annual data for accounting variables, including the fiscal year, total assets, total liabilities, and market values of equity from COMPUSTAT. To avoid problems related to information reporting delays, we do not use accounting variables in financial statements of the new fiscal year, until four months have elapsed from the end of the preceding fiscal year.
 For instance, a December 31 fiscal year-end firm will match COMPUSTAT data 2000 with CRSP monthly returns from May 1, 2001 through April 30, 2002. We hope to ensure that all information used to calculate default measures was available to the investors at the time of the calculation. Third, there are many firms with stock returns on the CRSP tapes, but the financial data and market value are missing on COMPUSTAT. To understand the existence and effect of survivorship bias, we include firms that have ceased trading on the NYSE, AMEX, or NASDAQ in our sample. The list of bankrupt firms is obtained from the COMPUSTAT research file.

Fourth, we classify companies by using the market value of their equity at the end of the preceding year, the same as most previous studies. At the end of each calendar year, firms are placed into one of ten portfolios based on their relative position in the market value ranking. Firms in the top ten percent of this ranking comprise the largest firm portfolio, MV10. Firms in the bottom ten percent form the smallest firm portfolio, MV1. The remaining firms were placed into eight intermediate portfolios, MV9 through MV2. In the following calendar year, the monthly returns of each market value portfolio are computed by combining with equal weights the monthly returns of the component securities within the portfolio. For each year, the ranking and portfolio formation process is repeated. That is, the component securities of the ten market value portfolios are updated annually. Thus, we could use monthly returns to plot the cross-sectional pattern of the average returns for different portfolios ranked by firm size.

Finally, we exclude financial firms because a high leverage is normal for financial firms, but it likely indicates distress for nonfinancial firms.
 In addition, to reduce the influence of extreme outliers, we set the top and bottom one percent of observations of each variable at the 1st and 99th percentile, respectively.

B. The Research Methodology and Measurement of Variables

B.1. Regression Analysis and Estimator of Beta

To test for the small firm effect, as compared with Reinganum (1982), we first use the following regression similar to Reinganum in each of the 240 months during the period of 1986 to 2005 for surviving firms
 to verify whether the small firm anomaly still exists:
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where Comret is the monthly stock return, Beta is the estimated beta, Firm Size is the logarithm of the firm’s market value on equity at the end of preceding year, and ε is the disturbance term. We run the regression by employing the Fama-MacBeth (1973) methodology, similar to Reinganum and others. 

For the estimates of beta, the estimator of market model using OLS was extensively used in many studies.
 However, Scholes and Williams (1977) and Dimson (1979) argued that the beta estimates are often biased when stocks are traded infrequently. Thus, they presented a procedure of measuring beta for infrequently traded stocks separately. Scholes-Williams’ (1977) beta estimates are defined as
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where r is the autocorrelation of the CRSP value-weighted market return, and 
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 is the slope coefficient from three separate OLS regressions below.
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With the aggregated coefficient method proposed by Dimson (1979), leading terms, lagged terms, and the contemporaneous CRSP value-weighted market returns are regressed on security returns.
 That is,
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A consistent estimate of beta is obtained by summing the slope coefficient from the regression above. When securities are subject to infrequent trading, as might be the case for very small firms, the aggregated coefficient method seems to be the better technique. In summary, when securities are subject to infrequent trading, OLS will yield biased beta estimates, whereas the betas proposed by Scholes and Williams (1977) and Dimson (1979) seem to be consistent estimates.
 Even if so, we employ the three alternative estimators to reduce possible downward or upward bias in beta estimates caused by the infrequent/nonsynchronous trading of shares.

B.2. Testing Survivorship Bias: Heckman Two-Step Method
As described in the prior section, the survivorship bias may cause the small firm anomaly, although it has been paid little attention in literature.
 For the research method of survivorship bias, Heckman (1979) proposed a two-step procedure to correct the sample bias. Thus, we first use the Heckman method for examining whether the potential survivorship bias is significant. In addition, we include the delisting firms into our surviving firms as the overall firms for robust test.
When applying the Heckman two-step method, the first step is to estimate the parameters of the full sample where the dependent variable is whether the firm still survives. That is, a binary variable is equal to one if the firm still exists at the end of 2005, and zero otherwise. On the selection of independent variables, we employ the listed period (in months) on the stock exchanges, firm’s equity size, and the bankruptcy risk proxy due to the reasons below. In general, older organizations or larger companies that take a loss may survive for some time by using up their retained earnings reserves or resources, and successful experience will buffer them against failure for a certain time.
 Moreover, firms with higher Z-score or Distance to Default are likely to have a gradual decline to weather bad periods (Altman 1968, Black and Scholes 1973, and Merton 1974). Therefore, the first step of the Heckman method is as follows.
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The first step estimator of Heckman’s method is used to determine the inverse Mill’s ratio (i.e. Lambda) as the conditional expectation of the error term of the regression model. Next, the second step involves OLS estimation of the regression model similar to Reinganum (1982)
 with the conditional expectation entered as an additional explanatory variable. This ensures that consistent estimates are obtained. A statistically significant coefficient estimate of the inverse Mill’s ratio will confirm the existence of survivorship bias. If survivorship bias exists, we further apply Greene’s method to re-estimate the standard errors in the OLS stage.
 The second step of the Heckman method is as follows.
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B.3. Measurement for Probability of Bankruptcy and the Adjustment for Risk Premiums of Bankruptcy
To further investigate whether the small firm anomaly is merely a response to the higher bankruptcy risk of the small firms besides beta, we try to measure the risk premiums of bankruptcy, and examine whether the investment in smaller firms could still earn higher excess returns?
First, assuming that an investor purchases a common stock in period t at a price of 
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 per share, then bankruptcy occurs in period t+1 if the stock price drops to zero, i.e. 
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. Thus, the investor’s return on investment during period t+1 in case of firm bankruptcy is -100%, assuming no dividend is paid during the period. Therefore, we could define a simple proxy of risk premium of bankruptcy by using the product of the probability of bankruptcy and 100%. In other words, if the probability of bankruptcy of a firm is 0.5 in period t, thus the risk premium is 50% (i.e. 0.5×100%). Second, we further measure the excess returns of firms in each month by the monthly raw returns minus the expected risk premiums, and reinvestigate the size anomaly. Thus, the measurement for probability of bankruptcy is an important step and is discussed as follows.
From the view of financial position, a firm will go bankrupt when the firm’s assets are less than its liabilities. Most of the previous empirical research used accounting data and compared the ability of various financial ratios from financial statements to predict corporate failure. Among these measures, Z-score of Altman (1968) and O-score of Ohlson (1980) have been widely used in other research and in practice as well as for their ability to summarize a number of different accounting-based variables. Altman (1968) considered various combinations of twenty-two variables before choosing the five with the highest predictive power for financial distress by using multiple discriminant analysis.
 Later, Altman (1993) demonstrated that his Z-score model is quite accurate in predicting bankruptcy. In addition, Begley et al. (1996) showed that the Altman and Ohlson models still retained their predictive abilities for COMPUSTAT firms in the 1980s. Therefore, we use the Z-score model to be the proxy of the bankruptcy risk by applying the original model weights proposed by Altman (1968).
 The Z-score proposed by Altman (1968) is defined as:
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However, the Z-score only provides an index for discriminating between failing and nonfailing firms before bankruptcy actually occurs, and does not represent the probability of bankruptcy. Thus, we employ the logistic regression model to estimate the probability of bankruptcy of each firm as follows.
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where Delisting Firm equals one if the firm did not exist at the end of 2005, zero otherwise. Listed period represents the age (in months) of the firm listed on the NYSE/AMEX/NASDAQ. Bankruptcy Risk is the Z-score. Firm Size is defined as the logarithm of the market value of equity at the end of preceding year. Thus, we could estimate the predicted value of Delisting Firm, i.e.
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To avoid the potential problems of any accounting-based measure to estimate the probability of bankruptcy, the alternative approach is the option pricing model of Black and Scholes (1973) and Merton (1974).
 Based on the approach developed by Black and Scholes (1973) and Merton (1974), the firm’s equity can be viewed as a call option on the value of the firm’s assets. Therefore, equity holders will exercise the option and pay off the debt holders if the value of the firm’s assets is greater than the face value of the firm’s liabilities at time T. Otherwise, equity holders will let the option expire if the value of the firm’s assets is not sufficient to pay off the firm’s debt. That is, the bankruptcy probability of the firm is the probability of the value of the firm’s assets less than the face value of the firm’s liabilities.
According to the assumptions in Black and Scholes (1973) and Merton (1974) papers, and the modification for dividends, the market value of the firm’s equity and the standard deviation of the firm’s equity returns are as follows respectively,
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 is the standard deviation of equity returns; and N is the cumulative distribution of standard normal distribution. The probability of default (PD) and the distance to default (DD) are as follows respectively,
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where 
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 is the expected return on assets. As shown above, the probability of bankruptcy is a function of the distance between the current market value of the firm’s assets and the face value of the firm’s liabilities adjusted for the expected growth in asset values and dividends relative to asset volatility.
IV. Empirical Results and Analyses

A. The Characteristic of Sample and the Differences between Different Portfolios

    First, we try to understand the pattern of characteristics for different size portfolios. As shown in figure 1, average stock returns are plotted as a function of the portfolio of equity value. Clearly, the figure shows that the average return of the portfolio with the smallest firms is higher apparently than the portfolio with the largest firms before taking into account the returns at delisting months or the risk premiums of bankruptcy. In addition, figure 2 suggests clearly that the probability of bankruptcy is a monotone decreasing function of firm size measured by total market value of equity even if the probability of bankruptcy for risk is measured according to the logistic model or option pricing model even if the probability of bankruptcy for risk is measured according to the logistic model or option pricing model, which implies that the risk premium of small firms appears to be higher.

    Next, the number of surviving firms and delisting firms for each year are presented in table 1. It shows that about 500 or more firms delisted from the exchange in the period of 1997-2002, including some well-known large firms, such as Enron, WorldCom, Global Crossing, and Kmart etc. Table 2 presents the descriptive statistics of variables, including stock returns, firm size, beta, and the risk of bankruptcy. It indicates that the average monthly return of all firms is 1.5%, and the average beta from the aggregated coefficient method is higher than that from Scholes-Williams’ and OLS methods. Table 3 further shows the Pearson correlation coefficients between any two variables. Stock return is negatively related with firm size, and thus it appears that the size effect exists. In addition, stock return is positively related with beta, but negatively related with Z-score and Distance to Default, implying that there is a positive relationship between return and risk (including beta and risk of bankruptcy). Firm size is also positively related with Z-score and Distance to Default, which is consistent with figure 2. We divide the firms into two groups according to firm survival. In table 4, we find that the average market value of equity, stock return, beta, and listed period are larger for surviving firms than for delisting firms. In addition, the risk proxies of bankruptcy, i.e. Z-score and Distance to Default, are also higher for surviving firms than for delisting firms, implying the lower probability of bankruptcy for surviving firms.
To make sure that Altman’s Z-score still retains the predictive ability in this paper and further estimates the probability of bankruptcy, we use the logistic regression model, and the results are displayed in table 5. In table 5, we first take into account the age (in months) of the firm listed on the NYSE/AMEX/NASDAQ and Z-score, and find that the coefficients of age and Z-score are both significantly negative, implying that if the period on the exchange is longer or the Z-score is higher, the firm tends to survive or not delist. When further taking into account the market value of equity, the coefficient of firm size is still significantly negative, showing that the firm size proxy is useful for predicting the survival or delisting of a firm. According to these results, larger firms appear to be more likely to survive.
    Table 6 shows the average monthly stock returns and estimated risk, including systematic risk and unsystematic risk based on different measures, for the ten market value portfolios over the entire period from 1986 to 2005. The smallest market value portfolio experienced an average monthly return of about 3.89% for investors. This represents an annual compounded return of about 58.08%. On the other hand, investors earned merely the average monthly return of about 1.11%, equivalent to 14.16% per year, if they invested in the largest market value portfolio. This is an apparent difference between two portfolios with different market values, but does it really reflect more benefit from investing in the smallest market value portfolio, or is it merely an appearance because risk is neglected?
    From the perspective of systematic risk, estimated systematic risk is calculated with the three estimators discussed in section III. Table 6 shows that the estimated betas are smaller for the small firm portfolio than for the large firm portfolio, regardless of the OLS estimator or Scholes-Williams estimator. However, for the aggregated coefficient method proposed by Dimson (1979), we find that the betas are higher for the smallest market value portfolio than for the largest market value portfolio, similar to Reinganum (1982). Thus, the aggregated coefficient estimates appear to be consistent with the hypothesis that small firms are more risky than large firms, but this is contrary to the implications from the OLS and Scholes-Williams’ estimates. On the other hand, the difference in bankruptcy risk between different market value portfolios is also an important characteristic here. In table 6, the results show that the Z-score based on accounting information and Distance to Default based on market information are lowest for the smallest firm portfolio, and highest for the largest firm portfolio, which implies that the risk of bankruptcy for small firms is really higher. With regard to the probability of bankruptcy, the smaller firms’ probability should be higher than larger firms’.
B. Regression Analysis Compared to Reinganum
    Because our sample includes the surviving and delisting firms from 1986 to 2005, we employ the Fama-MacBeth (1973) methodology with monthly cross sections to examine the small firm anomaly. The monthly stock returns are regressed against the beta estimates and the market value size. The coefficient in the Fama-MacBeth regression is the average of the coefficients in the 240 monthly cross sections. The t-statistic is the average coefficient divided by its time-series standard error.

If the survivorship bias is not serious and the small firm anomaly is really attributable to the improper estimation of security betas, the average estimated coefficient of the market value size should be not significantly negative when the betas are estimated by the Scholes-Williams or Dimson Methodology. Table 7 suggests that the monthly raw returns are negatively related to the firm size when the sample includes only the surviving firms. The relationships between stock returns and market value size are all statistically significant at the 1% level regardless of using the OLS, Scholes-Williams, or Dimson estimators, implying that the estimation of security betas seems to not simply explain the size effect, similar to Reinganum’s result.

    In order to test whether the survivorship bias is really an important problem, the Heckman two-step method is employed to deal with and correct the survivorship bias in this paper. The results of the Heckman two-step correction method are displayed in table 8. From the first-step probit regression, we find that firms with the larger market value of equity tend to survive easily after controlling the risk of bankruptcy, i.e. Z-score or Distance to Default. In the second-step OLS regression of table 8, the coefficients of the inverse Mills ratio are significant, implying that the survivorship bias is indeed a problem and needs to be corrected. After correcting the potential survivorship bias, the firm size is related negatively to stock returns, but not significantly when controlling the betas estimated using the OLS or Scholes-Williams estimators. However, it is surprising that the relationship between firm size and stock returns is significantly positive when the beta is estimated by the Dimson’s estimator. Therefore, the small firm anomaly appears to not exist when taking into account the survivorship bias, which is consistent with our first argument.

    For robustness, we subsume the delisting firms, and adjust the return at the delisting month, i.e. -100%, in our sample. The reexamined results are given in table 9. For the overall firms, the table 9 suggests that the relationship between stock returns and equity market value is significantly negative only when the betas are estimated by using OLS. In other words, the relationship is not statistically negative at the 5% level when employing the estimators of beta proposed by Scholes-Williams or Dimson. This result implies that the survivorship bias should be more important than the estimation of betas when one wants to investigate the small firm anomaly.
C. The Adjustment for Risk Premiums of Bankruptcy
    In previous studies, the risk of bankruptcy is usually neglected. However, is the risk of bankruptcy really not important for investors, especially individual investors who do not hold well-diversified portfolios? If the risk of bankruptcy is indeed important in stock markets, the returns should reflect the information about different risks of bankruptcy. Table 10 shows that the stock returns tend to be lower with the decreasing risk of bankruptcy, regardless of Z-score or Distance to Default. On the measure of Z-score, the average monthly stock return is about 2.31% for the firms with the highest risk of bankruptcy, but the average monthly return is only about 1.11% for the firms with the lowest risk of bankruptcy. Similarly, the average monthly stock return is about 3.02% for the firms with the highest risk of bankruptcy, i.e. lowest Distance to Default, but the average monthly return is only about 1.12% for firms with the lowest risk of bankruptcy. These results reveal that risk of bankruptcy should be an important factor for investors in stock markets.
    Based on the findings described above, we further try to measure the monthly excess returns of firms by taking into account the risk of bankruptcy. We first estimate the probability of bankruptcy by the logistic model based on Z-score, as shown in table 5, and the option pricing model based on Distance to Default separately. The risk premiums of bankruptcy are then defined as the product of the probability of bankruptcy and 100%. Next, the monthly excess returns are measured by the raw returns minus risk premiums of bankruptcy. The excess returns are regressed against the betas and firm size again and the results are given in tables 11 and 12.
    Table 11 shows the results of taking the logistic model as the estimator of the probability of bankruptcy. Regardless of considering surviving or overall firms, the firm size based on market value of equity is positively related to excess returns after taking into account three alternative estimations of beta. These results imply another interesting and surprising phenomenon, in contrast to the traditional small firm anomaly. That is, investment in larger firms’ stocks appears to earn more benefit than that in smaller firms’ after adjusting for the risk premiums of bankruptcy. Moreover, table 12 also presents similar results when taking the option pricing model as the estimator of the probability of bankruptcy. Therefore, the inverse size anomaly, i.e. large firm effect, should not be attributed to survivorship bias or the improper estimation of beta, and is worth further investigation.
V. Conclusions and Implications

    This paper extends Roll’s and Reinganum’s studies by taking into account survivorship bias of samples and the risk of bankruptcy that was neglected in the previous literature. The survivorship bias is tested by using two alternative methods. One is employing the Heckman two-step method to correct the survivorship bias. The other is including the delisting firms into the surviving firms, and adjusting the delisting returns at the delisting months into the sample of overall firms. The survivorship bias is found to be important and should be corrected. One of the implications of this paper is that investment in the smallest firm portfolio does not necessarily earn more profit for investors. Maybe the small firm anomaly found in the past literature is merely a misconception because of the survivorship bias resulting from the neglected returns.
    On the other hand, we find also the risk of bankruptcy is an important factor for stock returns. After further taking into account the risk premiums of bankruptcy, an inverse size anomaly is found, in contrast to the small size effect. In other words, the average risk-adjusted monthly excess returns are higher for larger firms. The evidence reported in this paper indicates that such a phenomenon is an empirically significant anomaly, regardless of what different estimations of beta for surviving or overall firms are used. Therefore, the second implication of this paper is that the large firm portfolio appears to be a better investment strategy because of the lower risk of bankruptcy.
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Figure 1 The relationship between average monthly returns and deciles of market value on equity over the period 1986-2005. The ten market value portfolios are annually constructed from firms on the NYSE/AMEX/NASDAQ. Delisting firms are also included in the sample.
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Figure 2 The average probability of bankruptcy based on the logistic model and option pricing model for deciles of market value on equity over the period 1986-2005. The ten market value portfolios are annually constructed from firms on the NYSE/AMEX/NASDAQ. Delisting firms are also included in the sample.

Table 1

The Number of Surviving Firms and Delisting Firmsa
	Year
	Surviving Firms
	Delisting
Firms
	Year
	Surviving Firms
	Delisting
Firms

	1986
	4355
	622
	1996
	6202
	387

	1987
	4677
	205
	1997
	6340
	503

	1988
	4523
	452
	1998
	6065
	687

	1989
	4397
	406
	1999
	5900
	736

	1990
	4322
	346
	2000
	5772
	709

	1991
	4421
	307
	2001
	5252
	701

	1992
	4362
	294
	2002
	4898
	493

	1993
	5132
	190
	2003
	4616
	424

	1994
	5459
	278
	2004
	4583
	288

	1995
	5723
	365
	2005
	4495
	362


aData comes from CRSP and COMPUSTAT.

Table 2
The Descriptive Statistics of Variables

	Variable
	Mean
	Std Dev
	Min
	Median
	Max

	Stock Returna
	0.0150
	0.2013
	-0.9737
	0
	14.0000

	Value-weighted
Index Returna
	0.0101
	0.0446
	-0.2253
	0.0155
	0.1285

	Equally-weighted
Index Returna
	0.0124
	0.0542
	-0.2723
	0.0166
	0.2250

	Firm Sizeb
	1,323.47
	7,956.97
	0.005
	102.75
	602,432.92

	OLS Betac
	0.7125
	0.6364
	-0.8538
	0.6381
	2.6240

	Scholes-Williams Betad
	0.8237
	0.7468
	-1.0423
	0.7423
	3.0718

	Dimson Betae
	1.2921
	1.8920
	-4.4867
	1.1158
	8.1548

	Z-scoref
	5.2109
	8.1002
	-6.7810
	3.2550
	55.9630

	Distance to Defaultg
	64.7728
	48.7008
	-33.5577
	56.9098
	230.2637


aThe monthly stock returns of all firms including the delisting firms, value-weighted market index returns, and equally-weighted market index returns are provided by CRSP.

bThe firm size is defined as the market value of equity (in millions of dollars) at the end of preceding year for NYSE/AMEX/NASDAQ firms.
cThe OLS beta estimates are obtained by regressing daily stock returns against the daily returns of value-weighted index.

dThe Scholes-Williams beta estimates account for the autocorrelation of the value-weighted daily market return.

eThe Dimson beta estimates result from the aggregated coefficients methodology.
fThe Z-score is derived from the financial ratio variables and coefficient estimates proposed by Altman (1968).
gThe Distance to Default is estimated based on the Black-Scholes-Merton model (1973, 1974).
Table 3

The Pearson Correlation Coefficients

	
	Stock Returna
	Firm Sizeb
	OLS Betac
	Scholes-Williams Betac
	Dimson Betac
	Z-scored
	Distance to Defaultd

	Stock Return
	-
	-0.0299

(0.0001)
	0.0188

(0.0001)
	0.0247

(0.0001)
	0.0196

(0.0001)
	-0.0085

(0.0001)
	-0.0278

(0.0001)

	Firm Size
	
	-
	0.3677

(0.0001)
	0.2721

(0.0001)
	-0.0042

(0.0001)
	0.1041

(0.0001)
	0.4839

(0.0001)

	OLS Beta
	
	
	-
	0.7710

(0.0001)
	0.2698

(0.0001)
	0.1565

(0.0001)
	0.0876

(0.0001)

	Scholes-Williams Beta
	
	
	
	-
	0.3408

(0.0001)
	0.1408

(0.0001)
	0.0532

(0.0001)

	Dimson Beta
	
	
	
	
	-
	0.0412

(0.0001)
	-0.0826

(0.0001)

	Z-score
	
	
	
	
	
	-
	0.2739

(0.0001)

	Distance to Default
	
	
	
	
	
	
	-


aThe monthly stock returns and value-weighted market index returns are provided by CRSP.

bThe firm size of firm is defined as the logarithm of the market value of equity at the end of preceding year.
cThe OLS beta, Scholes-Williams (1977) beta, and Dimson (1979) beta estimates are the proxies of systematic risk.
dThe Z-score (Altman 1968) and Distance to Default (Black-Schloes-Merton 1973, 1974) are the proxies of bankruptcy risk.

eThe figures are the correlation coefficients between two variables, and the p-value are in parentheses.

Table 4
The Mean and t Test: Surviving Firms and Delisting Firms

	Variables
	Surviving Firms
	Delisting Firms
	t value

	Firm Sizea
	1,899.13
(14.068)
	500.35
(4.7159)
	94.28***

	Stock Returnsb
	0.0171
(0.0003)
	0.0120
(0.0004)
	11.34***

	OLS Betac
	0.7792
(0.0009)
	0.6171
(0.0011)
	117.38***

	Scholes-Williams Betac
	0.8862
(0.0010)
	0.7343
(0.0013)
	93.10***

	Dimson Betac
	1.3249
(0.0024)
	1.2451
(0.0035)
	18.64***

	Listed Periodd
	196.67
(0.2581)
	146.4
(0.2440)
	141.54***

	Z-scoree
	5.6206
(0.0118)
	4.6251
(0.0125)
	57.71***

	Distance to Defaultf
	70.0480
(0.0693)
	57.2300
(0.0775)
	123.24***


aThe firm size is defined as the market value of equity (in millions of dollars) at the end of preceding year for NYSE/AMEX/NASDAQ firms.

bThe monthly returns are provided by CRSP.

cThe OLS beta, Scholes-Williams (1977) beta, and Dimson (1979) beta estimates are the proxies of systematic risk.
dThe number of months listed on the NYSE/AMEX/NASDAQ.

eThe Z-score is derived from the financial ratio variables and coefficient estimates proposed by Altman (1968).

fThe Distance to Default is estimated based on the Black-Scholes-Merton model (1973, 1974).

gThe standard errors are in parentheses, and *** (**) [*] are significant at the 1% (5%) [10%] level.

Table 5
The Logistic Regression for Prediction of Z-score and Firm Size on Delisting Firm

	Variables
	Expected Sign
	Logistic Regression Modela

	
	
	(1)
	(2)

	Intercept
	＋/－
	 -0.0270***
(0.0033)
	  2.7417***
(0.0133)

	Listed Period
	－
	 -0.0019***
(<0.0001)
	 -0.0008***
(<0.0001)

	Z-score
	－
	 -0.0012***
(0.0001)
	-0.0001**
(0.0001)

	Firm Size
	－
	
	 -0.2575***
(0.0012)


aThe logistic regression models are as follows
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where 

Delisting Firm equals one if the firm does not exist at the end of 2005, zero otherwise. Listed period represents the age (in months) of the firm listed on the NYSE/AMEX/NASDAQ. The Z-score (Altman 1968) presents the bankruptcy risk. The size of the firm is defined as the logarithm of the market value of equity at the end of preceding year.
bThe standard errors are in parentheses, and *** (**) [*] are significant at the 1% (5%) [10%] level.
Table 6
Mean Monthly Return and Estimated Risk for the Ten Market Value Portfolios

	Portfolioa
	Mean

Firm Sizeb
	Mean Monthly Returnc
	OLS Betad
	Scholes-
Williams

Betad
	Dimson

Betad
	Z-scoree
	Distance to Defaultf
	Debt Ratiog
	B/M Ratioh

	Smallest
	5.48
	0.0389
	0.3315
	0.4710
	1.1956
	2.5721
	25.9655
	0.4945
	1.8245

	MV2
	14.96
	0.0198
	0.4127
	0.5374
	1.2454
	3.5850
	36.2453
	0.4791
	1.2191

	MV3
	29.78
	0.0141
	0.4835
	0.6202
	1.2700
	4.4129
	44.0583
	0.4711
	1.0388

	MV4
	53.09
	0.0126
	0.5893
	0.7317
	1.3354
	5.2125
	52.1132
	0.4601
	0.9153

	MV5
	91.97
	0.0115
	0.7013
	0.8230
	1.3735
	5.9815
	59.1690
	0.4503
	0.8157

	MV6
	160.80
	0.0113
	0.8279
	0.9414
	1.4938
	6.4536
	66.2880
	0.4455
	0.7866

	MV7
	284.72
	0.0110
	0.8770
	0.9905
	1.3990
	6.4631
	75.7493
	0.4627
	0.7434

	MV8
	539.81
	0.0110
	0.9089
	1.0178
	1.3437
	6.2517
	84.2906
	0.4779
	0.6993

	MV9
	1,268.64
	0.0112
	0.9379
	1.0347
	1.2276
	5.6990
	92.8976
	0.5146
	0.6184

	Largest
	10,461.49
	0.0111
	0.9959
	1.0151
	1.0299
	5.1447
	104.8383
	0.5548
	0.4700


aThe ten market value portfolios were annually constructed from firms on the NYSE/AMEX/NASDAQ.
bThe firm size is defined as the market value of equity (in millions of dollars) at the end of the preceding year for NYSE/AMEX/NASDAQ firms including the delisting firms.

cThe monthly stock returns are provided by CRSP.

dThe OLS beta, Scholes-Williams (1977) beta, and Dimson (1979) beta estimates are the proxies of systematic risk.
eThe Z-score is derived from the financial ratio variables and coefficient estimates proposed by Altman (1968).

fThe Distance to Default is estimated based on the Black-Scholes-Merton model (1973, 1974).

gThe debt ratio is measured as the total liability divided by total assets for each firm at the end of each fiscal year.

hThe B/M ratio is measured as the total book value to market value of equity for each firm at the end of each fiscal year.
Table 7
The Pooled Cross-Sectional Regressiona for Surviving Firms Using Raw Returns

	Panel A: Beta is estimated by OLS estimator

	Intercept
	  0.0521***
(0.0112)

	Beta
	  0.0141***
(0.0040)

	Firm Sizeb
	 -0.0040***
(0.0009)

	
	
	
	
	
	
	
	

	Panel B: Beta is estimated according to Scholes-Williams’ estimator

	Intercept
	  0.0477***
(0.0102)

	Beta
	  0.0110***
(0.0036)

	Firm Size
	 -0.0030***
(0.0008)

	
	
	
	
	
	
	
	

	Panel C: Beta is estimated according to Dimson’s estimator

	Intercept
	  0.0407***
(0.0087)

	Beta
	0.0029
(0.0021)

	Firm Size
	 -0.0020***
(0.0006)


aThe regression model is as follows
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where

Comret is the monthly raw return of each firm. The regression is Fama-MacBeth (1973) regression with monthly cross sections. A coefficient in the regression is the average of the coefficients in the monthly cross sections. The t-statistic is the average coefficient divided by its time-series standard error (in parentheses). The surviving firms are those which still exist at the end of 2005. 

bThe firm size is defined as the logarithm of market value of equity (in millions of dollars) at the end of preceding year for NYSE/AMEX/NASDAQ firms.

c*** (**) [*] are significant at the 1% (5%) [10%] level.

Table 8
Heckman Two-Step Correction Regression for Survivorship Bias

	Variables
	First Step:

Probit Regressiona
	
	Second Step:

OLS Regressionb

	
	
	
	(1)
	(2)
	(3)

	Panel A:

	Intercept
	-1.6798***
(0.0080)
	
	-0.0163
(0.0128)
	-0.0175
(0.0128)
	-0.0506***
(0.0127)

	Listed Period
	 0.0004***
(0.0001)
	
	
	
	

	Z-score
	0.0001*
(0.0001)
	
	
	
	

	Firm Size
	0.1585***
(0.0007)
	
	-0.0004
(0.0005)
	-0.0002
(0.0004)
	0.0022***
(0.0002)

	Beta
	
	
	0.0110***
(0.0007)
	0.0101***
(0.0007)
	0.0027***
(0.0007)

	Inverse Mills Ratio (Lambda)
	
	
	0.0471***
(0.0072)
	0.0456***
(0.0072)
	0.0609***
(0.0072)

	
	
	
	
	
	

	Panel B:

	Intercept
	-1.6783***
(0.0080)
	
	-0.0189
(0.0125)
	-0.0198
(0.0124)
	-0.0518***
(0.0124)

	Listed Period
	0.0004***
(0.0001)
	
	
	
	

	Distance to Default
	0.0001***
(0.0001)
	
	
	
	

	Firm Size
	0.1581***
(0.0007)
	
	-0.0002
(0.0005)
	-0.0001
(0.0004)
	0.0022***
(0.0002)

	Beta
	
	
	0.0110***
(0.0007)
	0.0101***
(0.0007)
	0.0027***
(0.0007)

	Inverse Mills Ratio (Lambda)
	
	
	0.0486***
(0.0071)
	0.0469***
(0.0070)
	0.0616***
(0.0070)


aThe first step of the Heckman method is as follows
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where 

Survival equals one if the firm still exists at the end of 2005, zero otherwise. Listed period represents the age (in months) of the firm listed on the NYSE/AMEX/NASDAQ. The bankruptcy risk is defined as Z-score (Altman 1968) in Panel A, and Distance to Default (Black-Schloes-Merton 1973, 1974) in Panel B.

bThe second step of the Heckman method is as follows
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where

Comret is the monthly stock return. The size of the firm is defined as the logarithm of the market value of equity at the end of preceding year. The beta estimates represents OLS beta in (1), Scholes-Williams beta in (2), and Dimson beta in (3), respectively. The lambda is the additional variable for survivorship bias from the first step of the Heckman method.

cThe standard errors are in parentheses, and *** (**) [*] are significant at the 1% (5%) [10%] level.

Table 9
The Pooled Cross-Sectional Regressiona for Overall Firms Using Raw Returns

	Panel A: Beta is estimated by OLS estimator

	Intercept
	0.0212*
(0.0116)

	Beta
	  0.0137***
(0.0039)

	Firm Sizeb
	-0.0020**
(0.0009)

	
	
	
	
	
	
	
	

	Panel B: Beta is estimated according to Scholes-Williams’ estimator

	Intercept
	0.0171

(0.0106)

	Beta
	  0.0105***
(0.0034)

	Firm Size
	-0.0020*
(0.0008)

	
	
	
	
	
	
	
	

	Panel C: Beta is estimated according to Dimson’s estimator

	Intercept
	0.0106

(0.0093)

	Beta
	0.0021

(0.0020)

	Firm Size
	-0.0005

(0.0007)


aThe regression model is as follows
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where

Comret is the monthly raw return of each firm. The regression is Fama-MacBeth (1973) regression with monthly cross sections. A coefficient in the regression is the average of the coefficients in the monthly cross sections. The t-statistic is the average coefficient divided by its time-series standard error (in parentheses). The overall firms include the surviving firms and delisting firms. The stock returns of the delisting firms include the stock return at the delisting month, defined as -100%.

bThe firm size is defined as the logarithm of market value of equity (in millions of dollars) at the end of preceding year for NYSE/AMEX/NASDAQ firms.

e*** (**) [*] are significant at the 1% (5%) [10%] level.

Table 10
Mean Monthly Return and Estimated Risk for Ten Bankruptcy Risk Portfolios

	Portfolioa
	Mean monthly return 
in each Z-score group
	Mean monthly return 
in each DD group

	Risk1 (Largest)
	0.0231  (-0.3675)
	0.0302  (2.9449)

	Risk2
	0.0150  (1.3389)
	0.0231  (22.1870)

	Risk3
	0.0146  (1.9659)
	0.0167  (32.8940)

	Risk4
	0.0150  (2.5588)
	0.0137  (42.7940)

	Risk5
	0.0140  (3.1032)
	0.0119  (52.4208)

	Risk6
	         0.0149  (3.7266)
	            0.0115  (63.2648)

	Risk7
	0.0148  (4.5328)
	            0.0112  (74.9310)

	Risk8
	         0.0142  (5.7444)
	            0.0109  (88.4377)

	Risk9
	         0.0137  (8.1930)
	            0.0109  (107.597)

	Risk10 (Smallest)
	         0.0111  (20.661)
	            0.0112  (152.419)


aThe firms including the delisting firms from NYSE/AMEX/NASDZQ are placed into one of ten portfolios based on their relative position in the bankruptcy risk ranking, i.e. Z-score or Distance to Default. Firms in the bottom ten percent of this ranking form Risk1 (represents largest risk group), and the remaining firms are placed into Risk2 through Risk10.

bThe monthly stock returns are provided by CRSP, and the mean Z-score (Altman 1968) and Distance to Default (Black-Scholes-Merton 1973, 1974) in each portfolio are reported in the parentheses.

Table 11
The Pooled Cross-Sectional Regressiona for the Surviving Firms and Overall Firms Using Excess Returns after Adjusting Bankruptcy Risk Premiums
Based on Z-score
	Variables
	Surviving Firmsb
	
	Overall Firmsb

	Panel A:

	Intercept
	-1.0760***
(0.0115)
	
	-1.0870***
(0.0117)

	OLS Betac
	0.0075*
(0.0040)
	
	0.0074*
(0.0039)

	Firm Sized
	0.0583***
(0.0009)
	
	0.0589***
(0.0009)

	

	Panel B:

	Intercept
	-1.0780***
(0.0105)
	
	-1.0890***
(0.0107)

	Scholes-Williams

Betac
	0.0058
(0.0036)
	
	0.0055
(0.0035)

	Firm Size
	0.0586***
(0.0008)
	
	0.0592***
(0.0008)

	

	Panel C:

	Intercept
	-1.0820***
(0.0091)
	
	-1.0920***
(0.0094)

	Dimson Betac
	0.0015
(0.0021)
	
	0.0009
(0.0021)

	Firm Size
	0.0591***
(0.0007)
	
	0.0597***
(0.0007)


aThe regression model is as follows
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where

Excess returns are defined as the monthly raw returns minus the bankruptcy risk premiums which are measured as the product of the probability of bankruptcy and 100%. The probability of bankruptcy is estimated according to the listed period, Altman’s Z-score, and the market size of the firm by using the logistic regression model. The regression is Fama-MacBeth (1973) regression with monthly cross sections. A coefficient in the regression is the average of the coefficients in the monthly cross sections. The t-statistic is the average coefficient divided by its time-series standard error (in parentheses).

bThe surviving firms are those firms which still exist at the end of 2005. The overall firms include the surviving firms and delisting firms. The stock returns of the delisting firms are the monthly stock returns before the delisting month.
cThe OLS beta, Scholes-Williams (1977) beta, and Dimson (1979) beta estimates are the proxies of systematic risk.
dThe firm size is defined as the logarithm of market value of equity (in millions of dollars) at the end of preceding year for NYSE/AMEX/NASDAQ firms.

e*** (**) [*] are significant at the 1% (5%) [10%] level.

Table 12
The Pooled Cross-Sectional Regressiona for the Surviving Firms and Overall Firms Using Excess Returns after Adjusting Bankruptcy Risk Premiums
Based on Distance to Default

	Variables
	Surviving Firmsb
	
	Overall Firmsb

	Panel A:

	Intercept
	-0.1370***
(0.0122)
	
	-0.2090***
(0.0128)

	OLS Betac
	0.0034
(0.0041)
	
	-0.0002
(0.0041)

	Firm Sized
	0.0099***
(0.0009)
	
	0.0157***
(0.0010)

	

	Panel B:

	Intercept
	-0.1360***
(0.0112)
	
	-0.2070***
(0.0119)

	Scholes-Williams

Betac
	0.0048

(0.0036)
	
	0.0008
(0.0036)

	Firm Size
	0.0097***
(0.0009)
	
	0.0155***
(0.0009)

	

	Panel C:

	Intercept
	-0.1350***
(0.0097)
	
	-0.2040***
(0.0104)

	Dimson Betac
	-0.0007
(0.0021)
	
	-0.0030
(0.0021)

	Firm Size
	0.0100***
(0.0007)
	
	0.0155***
(0.0008)


aThe regression model is as follows
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where

Excess returns are defined as the monthly raw returns minus the bankruptcy risk premiums which are measured as the product of the probability of bankruptcy and 100%. The probability of bankruptcy is measured based on Distance to Default by using the Black-Scholes-Merton option model. The regression is Fama-MacBeth (1973) regression with monthly cross sections. A coefficient in the regression is the average of the coefficients in the monthly cross sections. The t-statistic is the average coefficient divided by its time-series standard error (in parentheses).

bThe surviving firms are those firms which still exist at the end of 2005. The overall firms include the surviving firms and delisting firms. The stock returns of the delisting firms are the monthly stock returns before the delisting month.

cThe OLS beta, Scholes-Williams (1977) beta, and Dimson (1979) beta estimates are the proxies of systematic risk.
dThe firm size is defined as the logarithm of market value of equity (in millions of dollars) at the end of preceding year for NYSE/AMEX/NASDAQ firms.

e*** (**) [*] are significant at the 1% (5%) [10%] level.


























































� Scholes and Williams (1977) and Dimson (1979) noted that the estimated covariances between stock returns and market returns are downward biased when they focus only on contemporaneous associations, but not on leading and lagged associations. That is, Scholes and Williams (1977) pointed out that non-synchronous trading of securities induces a downward bias on the estimated beta when the underlying security trades infrequently, and Dimson (1979) also argued that trading infrequently biases beta estimates and predicts a downward bias for infrequently traded shares and an upward bias for frequently traded shares.


� The use of COMPUSTAT data about equity market value induces a survivorship bias because the given edition of the COMPUSTAT active tapes excluded firms that did not exist at the end of the period covered by that edition.


� Eun and Jang (2000) showed evidence consistent with the argument that the firm size has additional information concerning the prospect of bankruptcy, independent of the bond rating.


� The costs of bankruptcy discussed in the literature are of two kinds: direct and indirect costs. The direct costs included lawyers’ and accountants’ fees, other professional fees, liquidation losses, flotation and renegotiation costs, and the value of the managerial time spent in administering the bankruptcy. These direct costs are mostly borne by creditors. The indirect costs include lost sales, lost profitable opportunities, lost tax shields, loss of valuable intangibles, disruption of supplier relations, increases in labor costs, higher capital costs, and foregone investment opportunities. These indirect costs are mostly borne by stockholders.


� Because Nasdaq stocks have smaller market capitalizations on average than other listed stocks, they are of particular interest in understanding the size effect, and previous studies have showed a size effect among Nasdaq stocks.


� Roll (1981) showed that trading infrequency seems to be a powerful cause of bias in risk assessments with short-interval data.


� The SEC requires firms to report a 10-K within three months after the end of the fiscal year, but a small percentage of firms report it with a longer delay.


� This research file consists of all the companies which were deleted from the active COMPUSTAT file.


� Firms with CRSP Standard Industrial Classification (SIC) codes from 6,000 to 6,999 are excluded from our sample.


� They still survived at the end of 2005.


� With the OLS estimator, betas are estimated by regressing security returns against the returns of the CRSP value-weighted index.


� Reinganum (1982) applied a multiple regression of security returns on five leading terms, twenty lagged terms, and synchronous term of market returns as the aggregated coefficient method.


� Fowler and Rorke (1983) examined the latter methods, and concluded that the Dimson’s procedure is incorrect and cannot generally be expected to yield consistent beta estimates, thus the Scholes and Williams’ procedure is more correct.


� Elfakhani and Wei (2003) merely compared the results of the surviving firms, delisting firms, and overall firms.


� Please see section II of this paper for details.


� The dependent variable is monthly stock returns and the independent variables are beta and the firm size at the end of preceding year.


� Heckman claimed that the computed standard errors for the second step estimator always underestimate the correct asymptotic standard errors. However, Greene (1981) noted that the standard errors in the OLS stage that are typically computed can either be smaller or larger than the correct standard errors, not just smaller as Heckman had asserted. Greene (1981) derived a simple-to-compute formula for the correct variance-covariance matrix of the OLS estimates.


� Ohlson (1980) used the conditional logit model to choose nine variables for predicting financial distress.


� There are many missing values in the variables for computing O-score in the COMPUSTAT file, so we do not use O-score as another proxy of bankruptcy risk.


� The conservatism principle often causes asset values to be understated relative to their market values, causing accounting-based leverage measures to be overstated. Additionally, the accounting-based prediction model does not take into account the asset volatility.
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