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CHAPTER I 

INTRODUCTION 

 

 

The number of initial public offerings (IPOs) has boomed during the 1990’s. In 

the six year period from 1991 to 1996, over 3,500 firms have gone public in the United 

States with gross proceeds of over $192 billion (Ritter, 1997). With the tremendous 

growth of IPOs in the 1990s, many studies have researched IPOs due to their uniqueness 

as investments. IPOs are not like typical publicly traded stocks because there is no past 

information on the prices or volumes for investors to examine. Most of the available 

public information comes from the prospectus generated for the initial public offering.  

This lack of information leads to a potentially huge asymmetric information problem 

between current shareholders and possible participants in the IPO. 

 Two puzzling phenomena for initial public offerings have been observed 

consistently by previous studies.  The first pattern associated with IPOs is the constant 

underpricing of IPOs in the short run. Ritter and Welch (2002) reported that IPOs on 

average are underpriced by 18.8% in the United States during the 1980 to 2001 period. 

The second noteworthy pattern is the consistent underperformance of IPOs in the long 

run. The total abnormal returns for IPOs from the first-day close price to the three-year 

anniversary price reported by Ritter and Welch (2002) are –23.4% for a buy and hold 

strategy over a three-year period in the United States for the 1980 to 2001 period when 

compared to a value weighted index of AMEX, Nasdaq and NYSE firms. 
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 Most of the existent literature has focused on the short term underpricing 

anomaly. Various theories have been advanced to explain the underpricing pattern that 

persistently affects IPOs.  Numerous studies have presented many possible explanations 

for the observable underpricing.  Some of the theories given are: (1) asymmetric 

information problems, (2) the winners curse hypothesis, (3) the insurance against legal 

liability hypothesis, (4) the hot issue hypothesis and (5) a multitude of signaling 

hypotheses. The detectable pattern of underpricing of IPOs has been examined 

extensively by many researchers without a clear consensus about the justification for 

IPOs being underpriced in the short run. 

 In this research, the focus will be on the underperformance of IPOs in the long 

run. The pattern of underperformance of IPOs in the long run is not easily explained if 

the IPO market is efficient. If the IPO market is efficient, the observation should be that 

the prices of IPOs should quickly and fully incorporate all available information to reflect 

the IPO’s economic value. Thus, the IPOs should not underperform in the long run. The 

pattern observed is that IPOs underperform almost any reasonable performance 

evaluation measure. 

 The consistent documentation of this long term underperformance raises the 

question of how investors are evaluating IPOs. If investors use a mean-variance portfolio 

analysis of IPOs, then investors would not appear to be pricing IPOs rationally. The 

traditional two-moment Capital Asset Pricing Model (CAPM) is based upon using the 

mean and variance of expected return. Utilizing the traditional two-moment CAPM, 

investors would seem to be consistently overpricing IPOs in the long run. As such, the 

traditional CAPM appears to be insufficient for evaluating IPOs over the long run. This 
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misspecification of the CAPM leads to the question of what is needed to extend the 

model to better estimate the IPOs in the long run. According to Loughran and Ritter 

(1995): 

“A possible reason for why these patterns persist is that investors are 

betting on longshots. If the true probability that a given IPO will be the 

next Microsoft is 3 percent, but investors have instead estimated that it is 4 

percent (resulting in a 33 percent overevaluation), it takes a very large 

sample over a long period of time before Bayesian investors would 

adequately revise their estimates. In other words, investors seem to be 

systematically misestimating the probability of finding a big winner. It is 

the triumph of hope over experience.” 

 

  If investors are betting on longshots in the IPO market, then they are actually 

betting on an actual return that lies in the right tail of the probability return distribution 

for long run IPO returns. The more positive is the skewness in returns in the IPO market, 

the more investors are interested in paying for potentially receiving these abnormally 

large returns. Thus, this leads to a potential reason why investors seem willing to trade 

off some of the expected return of IPOs for co-skewness when the IPO market is 

positively skewed. Brav (2000) found using Ritter’s 1975-1984 IPO data sample that 

skewness was 11.9. These results show that IPO return distributions are skewed heavily 

to the right. 

 In this research, it is proposed that the two-moment CAPM needs to be expanded 

to include the third moment (skewness). If investors are trying to purchase the positive 
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skewness associated with IPOs, then a three-moment CAPM seems to be a reasonable 

model to apply to IPOs in the long run. In the study by Lyon, Barber and Tsai (1999), 

they note that the distribution of long run stock returns is positively skewed. Studies by 

Kraus and Litzenberger (1976), Sears and Wei (1988), Lim (1989) and Lee, Moy and Lee 

(1996) find evidence that skewness is priced in stock returns. The natural extension is to 

apply the three-moment CAPM to IPOs due to IPO’s high potential for skewness. 

 An important question to ask is “how does the distributions of IPOs compare 

against the distribution of the overall market?” Previous research has shown that the long 

run distribution of stocks generally tends to be positively skewed. It is proposed that IPOs 

are positively skewed and that skewness is probably larger for IPOs than the overall stock 

market. Since evidence presented in previous research shows skewness is important in 

the pricing of stocks, the suggestion is that skewness will have an even greater effect on 

the pricing for IPOs. 

 In this research, four testable hypotheses are developed that will be examined. 

The first hypothesis is that the distribution for the long run returns of IPOs is significantly 

positively skewed. The second hypothesis is the distribution of long run returns of IPOs 

is significantly different from the distribution of an overall market index. The third 

hypothesis is that after some amount of time passes the distribution of long run returns of 

IPOs will be insignificantly different from the distribution of an overall market index. 

The last hypothesis is that co-skewness (systematic skewness) will be significant in the 

pricing of IPOs when a three-moment CAPM is used. 

 The next chapter will contain the literature review of relevant articles. An 

overview will be presented of previous research on the underpricing of IPOs in the short 
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run and the underperformance of IPOs in the long run. A potential explanation of 

asymmetric information will be presented followed by a discussion of various capital 

asset pricing models. The capital asset pricing models (CAPM) presented will be the 

traditional two-moment, arbitrage pricing theory, three-factor CAPM by Fama and 

French and the three-moment CAPM by Kraus and Litzenburger. Following the literature 

review, Chapter III will contain the development of the four testable hypotheses 

regarding the long run returns of IPOs. An explanation of the data sources and 

methodology used in this research will be introduced in Chapter III. The empirical results 

will be summarized for the four developed hypotheses in Chapter IV. In Chapter V, the 

conclusions drawn from this research will be presented. 
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CHAPTER II 

LITERATURE REVIEW 

 

 

2.1 Introduction 

 The anomalies in the IPO literature have inspired a multitude of research to try to 

explain these anomalies. The evidence found consistently demonstrates the underpricing 

of IPOs in the short run and the underperformance of IPOs in the long run. The empirical 

results of numerous studies leave little doubt about these two patterns existing, but the 

theoretical explanations given for these patterns do not resolve these puzzling findings. 

The idea that firms are willing to take less than fair market value in an IPO constantly 

does not seem reasonable, yet IPOs average a large initial return. Investors consistently 

buy IPOs that underperform in the long run. Both of these patterns have yet to be fully 

explained by the research. This incomplete explanation for the pattern of 

underperformance has lead to this author’s interest in this area of research.  

 Many investors in IPOs have incomplete information set due to the lack of 

historical prices for IPOs making their evaluations less accurate. This asymmetric 

information between participants in an IPO leads to a possible exploitation by the better-

informed participants. Informational asymmetries can be found not only between insiders 

and outside investors, but between different groups of investors. Insiders of an IPO 

should have an more complete information set to use in evaluating the true economic 

value of a firm going public. 
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 Different asset pricing models that have been used to examine stock returns will 

be presented in this literature review. The two-moment CAPM will be examined first. 

The second model will be the three-factor Fama and French model. Finally, the three-

moment CAPM is hypothesized to provide the best fitting model for long run returns. 

 

2.2 Theories for the Consistent Underpricing of IPOs in the Short run 

 One of the most investigated anomalies associated with initial public offerings 

(IPOs) is the consistent underpricing of new issues. The abnormal returns generated by 

the underpricing of IPOs offer price has been studied extensively in the academic 

literature. The underpricing of IPOs lead to an average of 15.26% initial return for the 

sample of 10,626 United States firms over the 1960-1992 period (Ibbotson, Sindelar and 

Ritter, 1994). 

 Numerous theories have been presented for why IPOs generally underprice their 

issue causing the initial returns to be abnormally high. A few of the explanations for 

underpricing are: (1) the “Winners curse” hypothesis (Rock, 1986; Keloharju, 1993), (2) 

insurance against legal liability hypothesis (Tinic, 1988; Drake and Vetsuypens, 1993), 

(3) the “Hot issue” market hypothesis (Ritter, 1984), and (4) signaling hypotheses 

(Leland and Pyle, 1977; Downes and Heinkel, 1982;  Krigman, Shaw and Womack, 

1999; Carter, Dark and Singh, 1998; Krinsky and Rotenberg,1989; Michaely and Shaw, 

1995; Grinblatt and Hwang, 198)). 

 In the study by Ibbotson, Sindelar, and Ritter (1994), the anomaly of first day 

returns are examined for over 10,000 IPOs in the United States during the period of 1960 

to 1992. The initial return is measured from the offer price to the market price at the end 
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of the first day trading. The authors show that the underpricing of IPOs has been going on 

for decades and shows no sign of abating. The average initial return for the 1960s was 

21.25%; for the 1970s it was 8.95%; for the 1980s it was 15.18%; and for early 1990s it 

was 10.85%. The clear pattern of underpricing IPOs is demonstrated by there being only 

5 years out of the 33 years that there are negative average initial returns. The results 

plainly display the tendency for IPOs to be underpriced relative to the closing price the 

first day of trading. The underpricing for 1999 and 2000 increased significantly. 

Ljungqvist and Wilhelm (2003) found first day returns averaged 73% for 1999 and 58% 

for 200 with an extraordinary 89% for internet IPOs. 

 A number of explanations are given for the phenomenon of these large initial 

returns. In this research, there will be a summary of the explanations given in the 

literature for this phenomenon. First, the winners curse explanation is discussed. Other 

possible explanations for why there is a large positive average initial return are the 

insurance against legal liability hypothesis, the hot issue market hypothesis and various 

signaling hypotheses. 

 

2.2.1 Winners Curse Hypothesis 

 The winners curse hypothesis faced by the uninformed investors is that if they 

receive all of the shares they demanded in IPOs, it is because the better-informed 

investors do not want the shares. Uninformed investors confronted with this adverse 

selection problem will not purchase IPOs unless they believe the IPOs are underpriced 

sufficiently to compensate them for their uncertainty. Rock (1986) presents a model to 

explain the underpricing of IPOs based on the foundation that there are two basic types of 
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investors in the IPOs market. The first type of investor is informed. These investors will 

pick only IPOs that are offered at or below their expected values. The informed investors 

will then crowd out the uninformed investors when a good IPO comes along. The 

informed investors will not participate when bad issues are offered. The uninformed 

investors have inferior information when compared to the informed investors and would 

then generally get a disproportional amount of shares of bad issues. The winners curse for 

uniformed investors is that by getting an issue, the uninformed investor does not know if 

it is due to lack of interest by the informed investors. To guarantee that uninformed 

investors participate in an offering, the firm must price the share at a discount. Rock 

points out that rationing would thus occur with this scenario, but direct evidence of 

rationing is hard to obtain.  

 

2.2.2 Insurance against Legal Liability Hypothesis 

 The insurance against legal liability hypothesis states that IPOs are underpriced as 

a method for reducing the frequency and severity of potential lawsuits. All parties in an 

IPO who sign the IPOs prospectus are potentially liable for any material omissions under 

the Securities Act of 1933. If the IPO is underpriced initially, the probability of a future 

lawsuit should be diminished. This insurance against lawsuit liability should reduce the 

probability of a lawsuit, and reduce the probability of an unfavorable judgement or 

reduce the damages in the chance of an adverse judgement. 

 Tinic (1988) developed this hypothesis that underpricing of an IPO functions as a 

type of insurance against legal liability from future lawsuits. This underpricing serves as 

a form of protection to the reputations of the investment bankers and the issuing firm. 
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Tinic tests this hypothesis by comparing two samples. His first sample comes from 70 

IPOs issued from 1923 to 1930. His second sample comes from 134 IPOs issued from 

1966 to 1971. The first sample of IPOs comes before the Securities Act of 1933 made 

participants who sign the prospectus liable for any material omissions. With the second 

sample coming after the Securities Act of 1933, (SEC), Tinic tests to see if there has been 

a difference in the initial returns of IPOs from the different samples. The initial one-week 

return for pre-SEC was 5.174% compared to the one-week return of post-SEC of 

11.065%. The hypothesis that the means of the two sample of IPOs are equal is rejected 

at the 1% level of significance (t=2.821). The author states that the results provide 

support for the insurance against legal liability hypothesis. 

 Drake and Vetsuypens (1993) examined the relation between the underpricing of 

IPOs and the insurance against legal liability hypothesis. Their paper examines 93 IPOs 

from the period of 1969 to 1990 that were sued under the provision of the SEC. Their 

sample of IPOs was not underpriced significantly differently than similar IPOs. 

Underpricing alone was not sufficient to avoid lawsuits. Contrary to previous research, 

their evidence implies that the insurance against legal liability hypothesis does not 

explain why IPOs are systematically underpriced. 

 

2.2.3 Hot Issue Market Hypothesis 

 The “hot issue” market explanation presents the concept that there are periods of 

high average initial returns and increasing volumes. A cyclical pattern seems to exist in 

the average initial returns and volume of IPOs. High initial returns tend to be followed by 

increasing IPO volumes. One explanation for the change in the average initial return over 
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time is the risk of IPOs can dramatically swing. If riskier issues are underpriced more, 

then in periods when riskier IPOs come to market, there are higher average initial returns. 

Another reason for the presence of a “hot issue” market is a potential positive 

autocorrelation in the initial returns. Investors might bid up the price of an IPO if other 

recent IPOs have risen dramatically. The timing of IPOs for periods with high valuations 

could account for some of the observed hot issue market. 

 Ritter (1984) analyzed the “hot issue” market of 1980. In his paper, he looks at 

the 15-month period from January 1980 to March 1981 where the average initial return 

on IPOs was 48.4%. When compared to his “cold issue” market from 1977-1982 with an 

average return of 16.3%, the extraordinary initial returns of the hot issue lead to the 

conclusion that there was a change in the structure of the IPO market. He finds that the 

hot issue market is associated exclusively with natural resource IPOs firms that come out 

on the heels of the oil and gas boom. For other industries, the hot issue market is barely 

perceptible. 

 

2.2.4 Signaling Hypothesis 

 The signaling hypothesis was developed on the premise that insiders possess more 

complete information set about a firm going public, thus, this group has a more accurate 

evaluation of the economic value. Since outsiders do not have this inside information, a 

method for transferring this knowledge is needed. The signaling hypothesis states that 

this transfer can be achieved by some reliable signal that outsiders can observe. Some of 

the signaling hypotheses are: (1) the ownership retention hypothesis, (2) the flippers 
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hypothesis, (3) the underwriter reputation hypothesis and (4) the auditor reputation 

hypothesis. 

 

2.2.4.1 Ownership Retention Hypothesis 

 In the seminal paper by Leland and Pyle (1977), the authors make the case that 

due to informational differences, entrepreneurs need to signal the quality of their project. 

The argument that moral hazard problem prevents a direct transfer of information causes 

entrepreneurs to need a more reliable method to signal to the investors about the quality 

of a project. With the disclosure rules of IPOs, investors can observe the willingness of 

insiders to invest in a firm. The more entrepreneurs are willing to invest in a project can 

signal to the market the true quality of the project. Entrepreneurs would invest more 

(less) in better (poorer) projects. The Leland-Pyle model is: 

V(α) = 1/(1+r) [µ(α-λ)]      (2.1) 

Where  

r = the riskless interest rate; 

µ(α) = the market valuation schedule, expressing the markets perception of the 

true expected return as a function of α, the fraction of equity retained by the 

entrepreneur.  

λ =  The markets’ adjustment for the risk of the project with χ about the mean. 

Grinblatt and Hwang (1989) present a signaling model. In contrast to Leland and 

Pyle (1977), the authors believe entrepreneurs’ fractional holdings are not sufficient to 

signal the value of a project, but another signal is needed. The second signal is the 

offering price, which conveys the “intrinsic” value of the firm and the variance of the 

cash flows. Their model yields eight testable implications. Four of the implications are 
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consistent with Leland and Pyle (1977). The model is based on the information 

asymmetry about the expected value and the variance of a project. 

 Downes and Heinkel (1982) empirically tested this proposed signaling by 

entrepreneurs. Using the Leland and Pyle model, the following model is used in their 

regressions: 

Vj = b0 + b1 Kj + b2 αj + µj      (2.2) 

Where 

 K = the funds raised by the initial offer. 

α = the Leland and Pyle signal of a future cash flow, as a function of the 

proportionate ownership retained by the entrepreneurs. 

µ = the disturbance term. 

The signal investigated was the proportion of ownership retained by entrepreneurs. The 

hypothesized positive signal for Leland and Pyle (1977) ownership retention hypothesis 

was supported. The coefficient for the variable measuring the proportionate ownership 

retained by the entrepreneurs was significant (t=13.87) Table 2.1 presents these results. 

 

2.2.4.2 Flippers Signal 

 Studying the pricing errors of underwriters and the informational content of first 

day trading of IPOs, Krigman, Shaw, Womack (1999) show that first day trading can 

signal investors about the quality of an IPO. Using a sample of 1,232 IPOs from January 

1988 to May 1995, the authors find an average first day return of 12.3%. Hot IPOs that 

had an initial return of 10 to 60% continued to perform well up to a year. They had a 

mean return of 13.2%. “Cool” IPOs had an initial return between 0 and 10% had a 5.1% 
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for the first year. Cold IPOs had a negative initial return of only 0.3% for the first year. 

This evidence shows that the performance on the first day can signal the average  

performance for the first year. By examining the trades, they demonstrate that traders 

“flip” more in IPOs that perform worst in the future. A flip is when an investor buys an 

IPO at the offer price before going public and then sells it immediately on the first day 

after a run up in price. Flippers have the advantage of buying at a price not available to 

the general public. This allows them to capture an average abnormal one-day return of 

15.8% (Ritter 1997). IPOs with lower levels of flipping generated abnormal returns of  

 
 

Table 2.1. Tests of the LP Modela 
V j = b 0 + b 1 K j + b 2αj + u j 

    
   Weighting 
        Factor  b 0   b 1  b 2 

 
(a) OLS         -   -17.05  4.17  -42.31 
      (-9.43)  (9.83)  (-13.87) 
 
(b) WLS      1/ K j  -.49  3.52    -4.24 
      (-.89)  (14.56)  (-5.09) 
 
(c) WLS      1/B j   -.87  2.92  -4.72 
      (-1.61)  (7.24)  (-5.17) 
an = 297. t-values are in parentheses. 
Source: Downes and Heinkel (1982), JF 37(1), page 6. 

1.5% per month over the first six-month period. By observing the amount of flipping, a 

signal can be sent to the potential investor about the future prospects of an IPO. 

 

2.2.4.3 Underwriter Reputation Signal 

 Carter, Dark and Singh (1998) find less short run underpricing of IPOs when 

more reputable underwriters managed the IPOs. The underwriter’s reputation can serve as 
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a signal about the performance of an IPO. Looking at a sample of 2,292 IPOs from 1979 

to 1991, the authors use the Carter-Manaster (1990) reputation measure to categorize the 

IPOs by underwriters. The CM reputation measure is based on the hierarchy reflected in 

the “tombstone announcements.” In tombstone announcements, the more prestigious the 

underwriter is the higher up on a list the underwriter appears. The initial return for the 

low group was 14.24%. The initial returns for the medium group were 7.89%. The initial 

return for the high reputation group was 6.06%. Table 2.2 presents these findings. The 

better underwriters were associated with less initial underpricing of IPOs. This signals to 

the market that IPOs with better underwriters are underpriced less when compared to less 

prestigious underwriters. 

 

2.2.4.4 Auditor Reputation Signal 

 Michaely and Shaw (1995) investigated the effect of an auditor’s reputation on 

IPOs. The authors found that more prestigious auditors are associated with less risky 

IPOs. Good firms have an incentive to signal to the market their quality by using the 

more prestigious auditors. The use of one of the Big Eight (currently the Big Five) had a 

lower mean initial return when compared to the second or third tier of auditors. The 

difference was 3.38% between the Big Eight and second tier. The difference was 8.21% 

between Big Eight and third tier. Their results in Table 2.3 show that in the short run 

using a prestigious auditor can potentially signal the quality of an IPO. 

 Various explanations have been given for why IPOs are underpriced from 

insurance against legal liability to asymmetric information. The underpricing 

phenomenon of IPOs while not fully explained is a well-documented fact. The 
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Table 2.5. The Average Initial Returns for 30 Countries  
                           

   Average  
 Sample Time Initial 

Country Author(s) of Article(s) Size Period Return 
Australia Lee, Taylor & Walter 266 1976-89 11.90% 
Austria Aussenegg 67 1964-96 6.50% 
Belgium Rogiers, Manigart & Ooghe 28 1984-90 10.10% 
Brazil Aggarwal, Leal & Hernandez 62 1979-90 78.50% 
Canada Jog & Riding; Jog & Srivastava 258 1971-92 5.40% 
Chile Aggarwal, Leal & Hernandez 19 1982-90 16.30% 
China Datar and Mao 226 1990-96 388.00% 
Finland Keloharju 85 1984-92 9.60% 
France Husson & Jacquillat; Leleux & 187 1983-92 4.20% 
 Muzyka; Paliard & Belletante    
Germany Ljungqvist 170 1978-92 10.90% 
Greece Kazantzis and Levis 79 1987-91 48.50% 
Hong Kong McGuinness; Zhao and Wu 334 1980-96 15.90% 
India Krishnamurti and Kumar 98 1992-93 35.30% 
Israel Kandel, Sarig & Wohl 28 1993-94 4.50% 
Italy Cherubini & Ratti 75 1985-91 27.10% 
Japan Fukuda; Dawson & Hiraki 472 1970-91 32.50% 
 Hebner & Hiraki    
Korea Dhatt, Kim & Lim 347 1980-90 78.10% 
Malaysia Isa 132 1980-91 80.30% 
Mexico Aggarwal, Leal & Hernandez 37 1987-90 33.00% 
Netherlands Wessels; Eijgenhuijsen & Buijs 72 1982-91 7.20% 
New Zealand Vos & Cheung 149 1979-91 28.80% 
Portugal Alpalhao 62 1986-87 54.40% 
Singapore Lee, Taylor & Walter 128 1973-92 31.40% 
Spain Rahnema, Fernandez & Martinez 71 1985-90 35.00% 
Sweden Rydqvist 251 1980-94 34.10% 
Switzerland Kunz & Aggarwal 42 1983-89 35.80% 
Taiwan Chen 168 1971-90 45.00% 
Thailand Wethyavivorn & Koo-smith 32 1988-89 58.10% 
United 
Kingdom 

Dimson; Levis 2,133 1959-90 12.00% 

United States Ibbotson, Sindelar & Ritter 13,308 1960-96 15.80% 
Source: Ritter (1997) Initial public Offerings, Warren Gorham & Lamont Handbook of 
Modern Finance. 
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underpricing of IPOs seems to exist in most nations. Table 2.4 summarizes the relevant 

literature. Table 2.5 provides a summary of the results by country from Ritter (1997). 

2.3 Explanations for the Underperformance of IPOs in the Long run 

 Another phenomenon associated with IPOs is the poor performance of IPOs in the 

long run. The period of evaluation in the long run is generally one to three years. IPOs 

underperform when compared to almost any benchmark. Studies have shown that this 

underperformance can last up to five years after going public. Ritter and Welch (2002) 

results show a -23.4% underperformance for a 3 year buy and hold strategy for IPOs 

when adjusted for the CRSP value weighted index of AMEX, Nasdaq and NYSE firms. 

Many explanations have been presented for why IPOs underperform in the long run when 

compared to some benchmark. The following are some of the explanations: (1) winners 

curse and insurance against legal liability hypotheses (Keloharju (1993)), (2) signaling 

hypotheses (Jain and Kini, 1994; Carter, Dark and Singh, 1998), (3) overoptimism 

hypothesis (Teoh, Welch and Wong, 1998; Rajan and Servaes, 1997; Ritter, 1991; 

Ibbotson, Sindelar and Ritter, 1994), (4) windows of opportunity hypothesis (Loughran 

and Ritter, 1995), and (5) ventured backed IPOs hypothesis (Brav and Gompers, 1997). 

 

2.3.1 Winners Curse and Insurance against Legal Liability Hypotheses 

Kelahaju (1993) tests Rock’s (1986) winners curse hypothesis and the insurance 

against legal liability hypothesis of IPOs in Finland in the long run. The allocation rules 

are public information allowing for investors to estimate the average allocation weighted 

initial returns. This availability of information frees the results from some potential bias. 

His study confirms the presence of the winners curse. Using 80 IPOs issued between 
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1984 and 1989, the adjusted average returns for bias in allocation are lower than the 

unadjusted average returns. The author finds no support for the issuance against legal 

liabilities explanation in Finnish IPOs. 

 

2.3.2 Signaling Hypothesis 

 The signaling hypothesis was developed on the premise that insiders 

possess more complete information set about a firm going public; thus, they have a more 

accurate evaluation of the economic value. Since outsiders do not have this inside 

information, a method for transferring this knowledge is needed. The signaling 

hypothesis states that this transfer can be achieved by some reliable signal that outsiders 

can observe. 

 

2.3.2.1 Ownership Retention Signal 

Jain and Kini (1994) study the effect of ownership retention on long run IPO 

performance. Under both the signaling hypothesis (Leland and Pyle, 1977), and agency 

theory hypothesis (Jensen and Meckling, 1976), firms with higher ownership interest by 

the entrepreneurs should have superior operating performance when compared to firms 

with low ownership interest. After splitting their sample of 682 firm-commitment IPOs 

into two groups, a high ownership group and a low ownership group, the low ownership 

group has significantly higher median operating cash flows over total assets. The 

operating return on assets for the high ownership group is better than the low ownership 

group. The high ownership group has significantly higher sales. These results are 

consistent with both the signaling and agency theories. 
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2.3.2.2 Underwriter Reputation Signal 

 The use of a prestigious underwriter can signal to investors the quality of an IPO. 

Carter, Dark and Singh (1998) study the relationship between the long run performance 

of IPOs and the choice of underwriter. With a sample of 2,292 IPOs from 1979 to 1991, 

the authors found on average, IPOs had a –19.92 percent market adjusted return for a 765 

day period. The median is –50.72 percent. They used a four tier underwriter reputation 

measure developed by Johnson and Miller (1988), Megginson and Weiss (1990) measure 

of relative market share and Carter and Manaster (1990) ten tier reputation measure. The 

mean market adjusted return for the high reputation measure was -12.63% compared to  

-26.11% for the medium reputation and -33.77 % for the low reputation group. These 

results are presented in Table 2.2. They find that long run market adjusted returns are less 

negative for IPOs that use the more prestigious underwriters. 

 

2.3.3 Overoptimism Hypothesis 

 Investors that are optimistic about an IPO are willing to participate in IPOs. The 

great deal of uncertainty associated with the value of an IPO can cause the optimistic 

investor to have a high excessive valuation for an IPO when compared to other investors. 

As time passes by, more information becomes available which will narrow the valuation 

between different types of investors generally causing the market price to drop. This 

explanation would predict that the IPOs will underperform in longer horizons due to the 

availability of more information. 
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 If IPO investors use reported earnings in their evaluation process, the generous 

using of accruals by firms going public can cause the estimated price of these investors to 

be too high. The use of accruals allows for manipulation of the earnings before going 

public. Teoh, Welch, and Wong (1998) explore the overoptimism of long run returns of 

IPOs as information is disseminated over time through reports and financial statements.  

This optimism dissipates over time. They found by categorizing their 1,649 IPOs in four 

discretionary current accruals groups from aggressive to conservative; the aggressive 

portfolio group underperformed the conservative group by 21.6 percent in raw returns for 

a four year holding period and 26.2 percent in CRSP value-weighted market adjusted 

returns over a four year holding period. This evidence shows that IPOs that have high 

accruals have poorer stock returns and subsequently fewer seasoned equity offerings.  

 This overoptimism allows firms to take advantage of “windows of opportunity”. 

Looking at whether analysts assign high or low growth potential, Rajan and Servaes 

(1997) study the performance of IPOs in the long run. The raw return for IPOs was only 

23.8% over the five year period following going public. When adjusted for their three 

benchmarks, the yields are negative, ranging from –17.0% for smallest NYSE/AMEX 

decile to –47.1% for largest NYSE/AMEX decile. Breaking their sample of 2,725 IPOs 

into groups by the forecast for their long-term growth potential, they found that there was 

better stock performance when the analysts had assigned low growth potential to an IPO 

than when high growth potential was ascribed. These results are consistent with 

overoptimism about IPOs.  

 Ritter (1991) examines the underperformance of IPOs from the close of the first 

day to their third anniversary. He finds that the average holding period return for his 
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sample of 1,526 IPOs was 34.47%. A control sample matched by industry and market 

value had an average total return of 61.86%. A possible explanation for this 

underperformance of IPOs in the long run is overoptimism. He finds a pattern of 

underperformance being concentrated in relatively young growth companies that went 

public in high-volume years. This pattern is consistent with investors being 

overoptimistic about the IPOs future earnings potential. This overoptimism allows firms 

to take advantage of “windows of opportunity”in the IPO market.  

 

2.3.4 Windows of Opportunity Hypothesis 

 It follows logically that if there are time periods when investors are optimistic 

about IPOs, then during these periods volume might increase. This increase could be due 

to firms attempting to “time” their IPOs to take advantage of these optimistic investors. If 

firms are trying to “time” their IPOs during these optimistic windows of opportunity, then 

we should be able to observe large increases in volume followed by poor performance. 

Loughran and Ritter (1995) find evidence that they say is consistent with firms taking 

advantage of these windows of opportunity and issuing equity when IPO firms are 

substantially overvalued. 

 

2.3.5 Venture-Backed IPO Hypothesis 

 Brav and Gompers (1997) investigate the underperformance of IPOs in the long 

run based on whether or not an IPO was venture-backed. While both venture and non-

venture-backed IPOs underperformed the benchmark, equally-weighted buy and hold 

returns were 44.6% for venture-backed compared to 22.5% for non-venture backed IPOs 
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over five years.  Value-weighted returns are 43.4 % for venture-backed IPOs and 39.3% 

for non-venture backed IPOs. Table 2.6 presents these findings. The equally-weighted 

returns support the contention that venture backed IPOs underperform less than non-

venture backed IPOs. Using the Fama and French (1993) three-factor asset pricing model, 

Brav and Gompers found venture-backed companies do not significantly underperform. 

While various studies have presented alternative explanations for the 

underperformance of IPOs in the long run, none of these explanations can fully and 

rationally unravel the mystery of IPOs underperformance. The literature has documented 

the consistent underperformance, but not an acceptable model for IPOs in the long run. 

Table 2.7 will summarize the relevant literature. Table 2.8 will present the 

underperformance observed in many countries. 

 

2.4 Asymmetric Information Problems in IPOs 

An asymmetric information problem arises when one party possesses valuable 

information about a firm that others do not have. This difference in levels of information 

is a good explanation for why IPOs are underpriced in the short run. With the more 

uncertainty associated with IPOs, the investors are not willing to buy the IPOs  

without more expected return in the short run. This leads to underwriters underpricing to 

insure that both the informed investors and the uninformed will participate in the 

offering. In the short run for IPOs, it is easy to imagine that one party could have 

information that others do not, but one would expect that as time passes the differences in 

their respective information sets between the informed and uninformed would narrow 

greatly.  
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Table 2.6. Five-Year Post-Initial Public Offering (IPO) Returns and Wealth Relatives 
versus Various Benchmarks 
 
This sample is all venture-backed IPOs from 1972 through 1992 and all non-venture-
backed IPOs from 1975 through 1992. Five-year equal weighted returns on IPOs are 
compared with alternative benchmarks. For each IPO, the returns are calculated by 
compounding daily returns up to the end of the month of the IPO and from then on 
compounding monthly returns for 59 months. If the IPO is delisted before the 59th month 
we compound the return until the delisting date. Wealth relatives are calculate as Σ( 1 + 
RI, T)/Σ ( 1 + Rbench, T ), where RI, T is the buy and hold return on IPO I for period T and 
Rbench, T is the buy and hold return on the benchmark portfolio over the same period. Size 
and book-to-market benchmark portfolios are formed by intersecting five size quintiles 
and five book-to-market quintiles (5x5) and removing all firms which have issued equity 
in the previous five years in either an IPO or a seasoned equity offering. All IPO and 
benchmark returns are taken from the Center for Research in Security Prices files. 
 
        Venture-Backed IPOs           Nonventure-Backed IPOs 
       IPO     Benchmark  Wealth            IPO          Benchmark        Wealth 

Benchmarks        Return      Return     Relative       Return         Return             Relative 
Panel A:Five Year Equal Weighted Buy-and-Hold Returns 
 
S&P 500 index     44.6         65.3   0.88            22.5        71.8  0.71  
Nasdaq       44.6         53.7          0.94              22.5             52.4              0.80 
Composite 
NYSE/AMEX      44.6          61.4          0.90             22.5             66.4         0.75 
Value-weighted 
NYSE/AMEX      44.6          60.8          0.90             22.5             55.7                      0.79 
Equal-weighted 
Size and Book-     46.4          29.9          1.13             21.7             20.8                      1.01 
To-Market(5x5) 
Fama-French        46.8           51.2          0.97             26.2             60.0                      0.79 
Industry portfolio                                                                                                                 
Panel B:Five Year Value Weighted Buy-and-Hold Returns 
 
S&P 500 index     43.4         64.5   0.87            39.3        62.4  0.86  
Nasdaq       43.4         50.4          0.95              39.3             51.1              0.92 
Composite 
NYSE/AMEX      43.4         60.0          0.90              39.3             57.6        0.88 
Value-weighted 
NYSE/AMEX      43.4         56.4          0.92              39.3             47.7                      0.94 
Equal-weighted 
Size and Book-     41.9         37.6          1.03              33.0             38.7                      0.96 
To-Market(5x5) 
Fama-French        46.0          45.0         1.01               45.2            53.2                      0.95 
Industry portfolio                                                                                                                   
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Table 2.8. International Evidence on Long Run Overpricing      

Number Total 
of Issuing Abnormal

Country Author(s) IPOs Years Returns
Australia Lee, Taylor & Walter 266 1976-89 -46.50%
Austria Aussenegg 57 1965-93 -27.30%
Brazil Aggarwal, Leal & Hernandez 62 1980-90 -47.00%
Chile Aggarwal, Leal & Hernandez 28 1982-90 -23.70%
Finland Keloharju 79 1984-89 -21.10%
Germany Ljungqvist 145 1970-90 -12.10%
Japan Cai & Wei 172 1971-90 -27.00%
Korea Kim, Krinsky & Lee 99 1985-88 2.00%
Singapore Hin & Mahmood 45 1976-84 -9.20%
Sweden Loughran, Ritter & Rydqvist 162 1980-90 1.20%
U.K. Levis 712 1980-88 -8.10%
U.S. Loughran & Ritter 4,753 1970-90 -20.00%
Source: Ritter (1997) Initial public Offerings, Warren Gorham & Lamont Handbook of Modern Finance.  
 

With the continued release of information through financial statements,  
 
reports, and news releases, information asymmetry in the long run between the informed 

and uninformed investors should diminish immensely. This fairly homogeneous set of 

information should allow, if market efficiency holds, the market to fairly price IPOs in 

the long run.  

 

2.4.1 Informed versus Uninformed Investors 

 In the article “Why New Issues are Underpriced” by Rock (1986), he presents a 

model for the short run underpricing based on two sets of investors. The first group of 

investors is informed. They have inside information, which gives them an opportunity to 

profit from this knowledge. The second group is uninformed. This means that informed 

investors will only want good issues. The uninformed investors will be crowded out of 

offers where the premium is high and informed investors will withdraw from offers 

where the premium is too low. The firm making the offer must now add a premium to 
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overcome this potential problem. The extra premium can lead to the consistent 

underpricing of IPOs in the short run.  

 

2.4.2 Asymmetric Information Possessed by Investment Bankers 

Baron (1982) presents a theory for the demand of investment banking advising 

and distribution services. The investment banker can be better informed about the capital 

market than the issuer of an IPO. The more uncertain the issuer is about the market 

demand, the more willing the issuer is to accept a lower price. His model demonstrates 

that there should be a demand by issuers due to informational asymmetries for the 

advising and distribution services of investment bankers. 

 If there are information asymmetries in IPOs, then the investment bank should be 

a party with better information. Baron (1982) develops a model where the investment 

banker is better informed than the issuing firm. He states that issuers of IPOs are not as 

well informed as the investment banker. This creates a demand for not only the 

distribution efforts of an investment banker but the advising services as well. In his 

example, he shows that the price of the new issue would be underpriced if the banker 

does have better information. Without the superior information, the issuer would only 

need the distribution services from an investment banker. 

 Muscarella and Vetsuypens (1989) test Baron’s (1982) model for the underpricing 

of IPOs. Baron’s model is based on the information asymmetries between underwriters 

and issuers. Baron’s model predicts that the offer price would be lower than if issuers had 

the same information as an investment banker about the market. To explicitly examine 

this, Muscarella and Vetsuypens examine 38 investment bank IPOs. Since the investment 
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banks participated in their own IPO, there is no asymmetric information problem between 

issuer and underwriter. They found the mean initial return to be 7.12 % with 28 out of 38 

firms having a positive return. If the asymmetric information problem between issuer and 

underwriter in Baron’s model is correct, then the investment bank IPOs should not be 

underpriced. Contrary to Baron’s model, there is statistically significant underpricing. 

Under Baron’s model the offerings should not be underpriced since the issuer and 

underwriter is the same.  

 Using Canadian investment bankers firms that went public on the Toronto Stock 

Exchange from 1982 to 1988, Cheung and Krinsky (1994) test the implication from the 

Baron (1982) model that investment bankers possess superior information about the 

market for IPOs than the issuers. Thus if the issuer is also an investment banker, the 

underpricing should disappear if it is caused by information asymmetries. The authors 

find that t – statistics indicate that there is no statistical difference for the mean excess 

returns between the investment bankers and the matched pairs. They find that investment 

bank IPOs had a significant mean excess return of 9.217% on the first trade. Their 

matching pair first trade was .198% and insignificant. The results support Muscarella and 

Vetsuypens (1989) contention that Baron’s model does not hold up. 

 

2.4.3 Ownership Retention Signal 

 With the potential for large information asymmetries in IPOs, investors need 

some reliable signal that will differentiate between the levels of quality of different IPOs. 

The amount of ownership the entrepreneurs or insiders hold is thought to be such a 

signal. Entrepreneurs should want to retain more ownership when they believe an IPO is 



 34

high quality and hold less ownership when an IPO is low quality. The observed 

ownership retention should signal investors to the quality of an IPO. 

 In the seminal work by Leland and Pyle (1977), they develop the idea of 

entrepreneurs possessing inside information about their own projects. Information 

transfer between entrepreneurs and outsiders should occur for the markets to perform 

efficiently. Without the transfer, the market value of projects would reflect the average 

quality project. This could lead to more low quality projects entering the market and 

fewer high quality projects. Since a moral hazard problem prevents direct transfer, there 

needs to be an observable signal as to the quality. The authors suggest that the 

willingness of entrepreneurs in retaining ownership in a firm or project would serve as a 

signal of the true quality. They develop a model where the willingness of an entrepreneur 

to invest in his own project can serve as a signal of the firm’s quality. Downes and 

Heinkel (1982) reexamined this ownership retention signal. Their results are consistent 

with the ownership retention signal. 

 Gale and Stiglitz (1989) point out that the Leland and Pyle model makes the 

assumption that the entrepreneur sells equity only at the initial offering. The model 

presented assumes that the entrepreneur can sell during a second period. They 

demonstrated that if the uncertainty is small, a pooling equilibrium exists as 

entrepreneurs with low values mimic entrepreneurs with high values. If the level of 

uncertainty is large, there will be a separating equilibrium.  

 The problem of asymmetric information should be greatest in the short run for 

IPOs. With little more than a prospectus, investors do not possess enough information to 

accurately evaluate IPOs. As information is released over time, the amount of asymmetry 
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should diminish. At some point in the long run, IPOs should no longer possess any more 

asymmetry than any other investment. The length of time this takes should give us 

valuable information about IPOs. 

            Numerous studies have found evidence of the underperformance of IPOs in the 

long run. Some research has developed possible theories for this anomaly. Convincing 

support for any one theory is desired. While there have been numerous articles examining 

this anomaly of underperformance, a theoretically based asset-pricing model has not been 

presented. In the next section of this research, asset-pricing models will be discussed. The 

author plans to examine these models’s ability to explain the relationship between the 

expected return and a set of systematic risk factors. 

 

2.5 Capital Asset Pricing Models 

Capital asset pricing models were developed to explain the relationship between 

stock returns and a set of systematic risk factors. The widely known Capital Asset Pricing 

Model (CAPM) developed independently by Sharpe (1964), Lintner (1964) and Mossin 

(1965) will be reviewed first. Literature examining the anomalies associated with the 

model will be discussed. The second model presented will be the Arbitrage Pricing 

Theory (APT) developed by Ross (1976), followed by the popular Fama and French 

three-factor model. The anomalies associated with the Fama and French three-factor 

model will be examined. Finally, the three-moment CAPM will be introduced. 

2.5.1 The Traditional Two-moment CAPM 

 The Capital Asset Pricing Model (CAPM) developed by Sharpe (1964) explains 

the relationship that should exist between the expected return and the systematic risk of a 
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security. Due to the simple, intuitive theoretical foundation of CAPM, the model has 

found great acceptance by academicians and practitioners. The CAPM expresses the 

security-pricing relationship in terms of means and variances. The CAPM allows for a 

simple equation to state the relationship between a security’s expected return and its beta, 

a measure of systematic risk. 

 E (ri)  = rf  + [E (rm ) – rf ] βi      (2.3) 

Where 

E (ri) = expected return on security i 

 rf = risk free rate 

 E(rm ) = expected return on the market portfolio 

βi  = covariance between security i and the market portfolio, divided by 

variance of the portfolio 

 

The CAPM has the following strong set of assumptions (Sears and Trennepohl, 1993) 

1. Investors are risk-averse and thus have a preference for expected return and a 

dislike for risk. 

2. Investors act as if they make investment decisions on the basis of the expected 

return and the variance (or standard deviation) about security return 

distributions. That is, investors measure their preferences and dislikes for 

investment through the expected return and variances (or standard deviations) 

about security returns. 

3. Investors behave in a normative sense and desire to hold a portfolio that lies 

along the efficient frontier. 
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4. There is a riskless asset that earns a risk-free rate of return. Furthermore, 

investors can lend or invest at this rate and also borrow at this rate in any 

amount. 

5. All investments are perfectly divisible. This means that every security and 

portfolio is equivalent to a mutual fund and that fractional shares for any 

investment can be purchased in any amount. 

6. All investors have homogeneous expectations with regard to investment 

horizons or holding periods and to forecasted expected returns and risk levels 

on securities. This means that investors form their investment portfolios and 

revise them at the same interval of time (e.g., every six months). Furthermore, 

there is complete agreement among investors as to the return distribution for 

each security or portfolio. 

7. There are no imperfections or frictions in the market to impede investor 

buying and selling. Specifically, there are no taxes or commissions involved 

with security transactions. Thus there are no costs involved in diversification 

and there is no differential tax treatment of capital gains and ordinary income. 

8. There is no uncertainty about expected inflation; or, alternatively, all security 

prices fully reflect all changes in future inflation expectations. 

9. Capital markets are in equilibrium. That is, all investment decisions have been 

made and there is no further trading without new information. 

Table 2.9 will summarize some of the major assumptions and their implications 

for the pricing of securities. 
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2.5.1.1 Problems Associated with the Two-Moment CAPM 

 Many studies have found anomalies associated with the traditional two-moment 

CAPM. They have found that the intercept is higher than expected by theory and that the 

slope is flatter than expected. The zero beta CAPM discussed later in this section 

provides a theoretical explanation for the observed empirical results, but the model is not 

fully supported by the tests. Other anomalies such as the day of the week effect, January 

effect, and size effect have all been found in studies of the CAPM. 

Fama and Macbeth (1973) performed one of the most notable early empirical tests 

of the CAPM. In the model, four hypotheses are tested. The first hypothesis is that the 

intercept term should equal the average risk-free rate. The second hypothesis is there 

should be a significant positive relationship between a security’s beta and return. The 

third hypothesis is there should not be nonlinearities in the relationship between beta and  

a security’s expected return. The fourth hypothesis is the unsystematic risk factor should 

not be priced. They develop the following model: 

Rit = γot  + γ1t βi  + γ2t βi
2 + γ3t Si + ηit     (2.4) 

Where 

Rit = the one period return on security i 

βi = the beta of the security 

βi
2 = the square of the beta of the security 

Si = the portfolio i unsystematic risk 

ηit = the disturbance term 

Fama and Macbeth (1973) break the sample down by five-year periods and ten-

year periods. The estimated equation from panel D, Table 3 for the whole time period is: 
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Table 2.9. Summary of the Major Assumptions of the CAPM 
 
Assumption Theoretical Implications of Empirical Implications of 

 Relaxing the Assumption Relaxing the Assumption 
2. Sole reliance on expected 2. Inclusion of skewness  2. The general conclusion of  
returns and variances (third) moment in the  tests of this model indicate  

 pricing model has led to that skewness is important in 
 the three-moment CAPM. the pricing of securities. In 
 particular, whenever the market 
 portfolio is positively (negatively) 
 skewed,  investors are willing 
 to accept (require) a lower (higher) 
 average return in exchange for 
 positive co-skewness with the 
 market portfolio. 

4. Equal borrowing and 4. a. Different borrowing and   4. a. Assumption cannot be 
lending rates lending rates lead to different tested empirically. 

 CAPM lines and no general        b. and c. Some empirical 
 equilibrium pricing model. studies support the zero  
      b. No riskless asset exists, beta CAPM, but others  
 leading to the zero beta CAPM     do not. 
 which provides for a theoret- 
 ical explanation of the basic 
 CAPM empirical results. 
      c. There is riskless lending 
 but no riskless borrowing, lead- 
 ing to the zero beta CAPM. 

5. Divisibility of assets 5. CAPM would be a series of 5. Assumption has not 
 line segments, each represent- been tested but is pro- 
 ing portfolio positions with no bably not a major empirical 
 fractional shares. problem for the CAPM. 

6. No market imperfections 6. a. Inclusion of transactions 
costs 

6. a. Because of rela- 

    a. No transactions costs     in the model would produce 
bands 

tively low transaction costs, 

  around the relationship, leading this does not seem to be  
  to a fuzzy equilibrium. a major problem. 

    b. No taxes     b. Consideration of taxes      b. Most studies have shown 
 leads to an alternative CAPM that tax effects via the dividend 
 model that incorporates the yield is important in the pricing 
 differential tax effects of 
dividends 

process. In particular, there is a 

 and capital gains. positive relationship between 
 dividend yields and average returns. 

7. Homogeneous expectations  7. Different expectations yields and average returns. 
and investment horizons lead to different CAPM lines  7. This is a major empirical  

 and no general equilibrium  problem for the CAPM. 
 pricing model. 



 40

Rit = .0020 + .0114 βi - .0026βi
2 + .0516 Si 

      (.55)      (1.85)       (-.86)         (1.11) 

The coefficients, γ2t and γ3t, were statistically insignificant in the model. This supports hypothesis 

three and four that there is no significant nonlinearities or pricing of unsystematic risk. The results did 

provide some support for the CAPM, but not in all subperiods. A significant positive relationship 

between beta and stock returns was found. In some sub periods, the intercept was higher than 

expected by theory and the slope was flatter than expected as shown. Figure 2.1 show an example of 

the theoretical versus the empirical capital market lines. All in all, the results of Fama and Macbeth 

do not fully support the CAPM’s theoretical relationship of hypotheses one and two. The Black, 

Jensen and Scholes (1972) article supported this empirical result of a higher intercept and a flatter 

slope. 

 
Figure 2.1. Theoretical CAPM versus Empirical CAPM 
 
 

 

Beta 

E(r) 

Theoretical Empirical
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With the strong assumptions made by the CAPM, it has naturally led to 

modifications of the CAPM by relaxing the assumptions. In the zero-beta CAPM, there is 

no riskless rate at which investors can borrow or lend . A zero beta portfolio is found. 

This portfolio has no systematic risk, but does have unsystematic risk with a market 

portfolio on the efficient frontier. A ray is drawn from the expected return of the zero 

beta portfolios to the longest point of the market portfolio located on the efficient 

frontier. Thus, theoretically the intercept is higher and the slope is flatter. Black’s (1972) 

zero-beta CAPM does provide a good theoretical explanation of the empirical 

results of the CAPM, but it has not been fully supported by the tests of the model. 

Gibbons (1982) and Shanken (1985) reject the zero beta version of the CAPM. 

 Research of the CAPM has explored other observable anomalies that are 

inconsistent with CAPM. The day of the week effect by Gibbons and Hess (1981) 

showed that Mondays are generally negative while Wednesday and Friday are positive. 

The “January Effect” was examined by Tinic and West (1984). Their results show that 

the positive relationship between risk and return only holds for  

January. Banz (1981) formed portfolios based on size. He found the risk-adjusted returns 

were greater for small capitalization firms than large capitalization firms.   

 Previous studies have shown that beta, size, leverage, book to market equity and 

earning to price ratios is significant in the CAPM. Fama and French (1992) look at the 

effect of beta, size, leverage, book to market equity and earnings price ratios on the cross-

sectional variation of stock returns. They find the following; (1) there is no relation 

between average return and beta after controlling for size. (2) the combination of size and 

book to market equity incorporates the effects of leverage and earnings to price ratios in 
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stock returns. (3) the two variables of size and book to market equity have the ability to 

capture the cross-sectional variation in stock returns. 

 

2.5.1.2 Arbitrage Pricing Theory 

 With the shortcomings of the two-moment CAPM to explain the anomalies in the 

literature, Ross (1976) developed a general model to identify the stock returns as a 

function of a number of factors. Ross’s model is called the Arbitrage Pricing Theory 

(APT). The basis of this model is that through arbitrage two securities with the same risk 

will have the same return. This relationship holds because investors would buy the 

security with higher expected return and then sell the security with lower expected return, 

given a level of risk. The APT is driven by the “law of one price”.  A general form of his 

model is: 

 E( ri ) =  βio + βi1  I1  + βi2 I2  +  … + βim Im  + εi    (2.5) 

Where 

 E( ri ) = the expected return on asset 

 βio         = the expected return on asset; given all factors have no effect 

 βij       = sensitivity of asset, to the jth factor 

 Ij         = the value of the jth factor 

 εi           = the random error term 

 

 The APT is a more general model than the CAPM. The CAPM can be considered 

a special case of the APT with only one factor, that is, the market portfolio. The APT 

relies upon the law of one price so the assumptions are less restrictive than those of the 

CAPM. In the APT model, prices will adjust until there are no arbitrage opportunities. 
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 While the APT is a more general less restrictive model than the CAPM, the APT 

is not as widely accepted as the CAPM. The APT does not specify the number of factors 

or what these factors are. Since the factors are unknown and how many there are is 

unknown, the APT is an insufficient model for explaining stock returns for most 

academians. 

 To find the number of factors and the factor loadings, a maximum likelihood 

factor analysis can be performed on the covariance matrix. Roll and Ross (1980) find that 

five factors were enough to explain stock returns. Contrary to this, Dhymes, Friend, and 

Gultekin (1984) found as they changed the subsample from groups of 15 stocks to groups 

of 60 stocks, the number of factors increased. 

 Chen, Roll and Ross (1986) examine the Arbitrage Pricing Theory. The APT can 

have numerous factors compared to the one market factor of the CAPM. The authors try 

to pre-specify macroeconomic variables that could affect stock market returns. Some of 

those factors are: (1) the spread between long term government bonds and treasury bills, 

(2) expected inflation, (3) unexpected inflation, (4) industrial production and the spread 

in Baa corporate bonds and long term government bonds. The authors found that 

industrial production, risk premium measured by the spread in Baa corporate bonds and 

long term government bonds and unexpected inflation are important factors, but the 

market return was not significant. From the results, one could make the assertion that the 

market portfolio proxies these fundamental factors. 

 Gultekin and Gultekin (1987) also found a different number of factors for groups 

of different sizes. They had 7 factors for groups of 30 stocks and 17 factors for groups of 

90 stocks. They also found that the anomaly of the January effect plagued the APT also. 
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The empirical results show that the risk-return relation in the APT is mostly for January. 

If January is excluded, the relationship between stock returns and risk is not significant. 

The APT is a theory based on the law of one price. The expected returns on a 

stock should be a linear combination between the stock and relevant factors. 

Unfortunately, the APT does not specify which or how many factors are relevant. Thus, 

empirical tests of the APT are plagued with problems. The empirical tests of the APT 

have produced mixed results. Therefore, the APT is an insufficient model for explaining 

stock returns. 

 

2.5.2 The Three-Factor CAPM using Size and Book to Market Equity Factors 

 With the insufficient nature of the APT and the many anomalies associated with 

the CAPM, the search for a better fitting asset pricing model seemed necessary. Fama and 

French (1992) did find that size and book to market equity were important factors in 

stock returns. Fama and French’s (1993) paper extended the testing of their asset-pricing 

model in three ways. First, government and corporate bonds were included in the asset 

returns analyzed. If the bond and stock markets are integrated, then a single model should 

explain both bond and stock returns. Second, an expanded set of variables was used to 

explain the returns of bonds and stocks. Third, a time-series regression approach was 

employed for their testing of the asset-pricing model. 

 The results indicate that for average stock returns, the market factor, size factor 

and the ratio of book value to market value of equity factor do a decent job of explaining 

the returns. This supports the early results of Fama and French (1992) on the size and 

book to market equity. The risk premium for the market factor provides a link between 
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the stock returns and one month treasury bills. The term-premium factor and the default 

premium factor explain most of the variation of the government and corporate bond 

portfolios. A general form of the Fama and French model is: 

 R (t) – RF (t) = a + b [ RM (t) – RF (t) ] + s SMB (t) + h HML (t) + ε(t) (2.6) 

Where 

 R (t)  = the portfolios return 

 RF (t) = the one period treasury bill rate 

 RM (t) = the market return 

 SMB (t) = the size risk factor 

 HML (t) = the book to market equity risk factor 

 

 Fama and French (1993) found that market equity (ME) and the ratio of book 

equity to market equity (BE/ME) capture much of the cross-section of the average stock 

returns. With rationally priced stocks, the systematic differences in average returns are 

due to differences in risk. ME and BE/ME must then be proxies for the sensitivity of 

common risk factors in returns. They confirm that portfolios mimic risk factors related to 

size (ME) and BE/ME. A three-factor asset-pricing model that includes a market factor 

and risk factors related to ME and BE/ME seems to capture the cross-section of average 

returns. This study finds that the behavior of stock prices, in relation to ME and BE/ME, 

is consistent with the behavior of earnings. 

 High BE/ME stocks are less profitable than low BE/ME stocks. Small stocks tend 

to have lower earnings on BE than do big stocks when controlled by BE/ME. This size 

effect in earnings is due largely to low profits of small stocks after 1980. The small 

stocks did not participate in the stock market rally that followed the recession of 1981-

1982. 
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 The common factors in returns mirror the common factors in earnings that suggest 

that the market, size and book-to-market factors in earnings are the source of the 

corresponding factors in returns. The weak link is the absence of evidence that the 

BE/ME factor in earnings drives the BE/ME factor in returns. Fama and French speculate 

that this result is caused by noise in their measure of shocks to expected earnings. 

 Fama and French focus on six portfolios sorted into two groups based upon ME 

and then three groups on BE/ME. S = small firms, B = big firms, L = low book to market 

(30%), M = medium book to market (40%), and H = high book to market (30%). The six 

are identified as S/L, S/M, S/H, B/L, B/M, and B/H. F&F used NYSE, AMEX, and 

NASDAQ. They note that AMEX and NASDAQ had most of the smaller firms. Table 

2.10 presents the results from FF (1995). 

The three-factor CAPM using size and book to market equity factors do not explain all 

patterns associated with stock returns. Anomalies of the three-factor CAPM are explored 

in other research. Some of these anomalies are: (1) survivorship bias for book to market 

equity factor (Kothari, Shanken and Sloan, 1995), (2) a stronger market factor (Kothari, 

Shanken and Sloan, 1995; Kim, 1995; Kim, 1997), (3) size as less important factor 

(Kim,1995; Knez and Ready, 1997), and (4) a multitude of factors (Chan, Karceski and 

Lakonishok, 1998). 

Kothari, Shanken and Sloan (1995) examine the relation between size, book to 

market equity, beta and stock returns. Studying a cross-section of expected returns, the 

results support size as having explanatory power. An important finding of the article is 

that the relation between book to market equity and stock returns was weaker than in the 

Fama and French (1992) paper. Kothari, Shanken and Sloan (1995) surmise that by using 
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Compustat data, the book to market equity factor in the Fama and French (1992) paper is 

biased. They contend that there is a survivorship bias in the Compustat database. Firms 

with extreme earnings decrease are more likely to be low book to market firms and have 

a post earning announcement drift. The evidence suggests some of the drift observed may 

be due to Compustat. Contrary to Fama and French (1992), there is a statistically 

significant compensation for beta risk when annual betas are used. 

Previous studies have shown the relation between book to market equity and stock 

returns. Pontiff and Schall (1998) find that the book to market ratio does not appear to 

forecast the excess returns of high book to market stock over low book to market stocks. 

They found that book to market equity is significant in the 1926 to 1959 time period but 

after 1959 the relation is not significant. These results are not consistent with Fama and 

French (1992) results.  

The cross-section of stock returns can suffer from an error in variables problem. 

Kim (1995) finds like previous research that before the correction, beta is insignificant 

and size is an additional explanatory variable. After using a new correction for the error 

in variables problem, the author studies the relation of beta and size on the cross-section 

of stock returns. The results show as the size of the portfolio increases, the t-statistic  

increases. Estimates of the price of beta are significant in the smallest portfolio of nine 

stocks. This again supports the importance of beta in explaining stock returns. The size 

variable does remain significant, but after his corrections, the role of firm size is 

diminished in explaining stock returns. 

 Kim (1997) extends his early examination of beta, book to market and size. In 

reexamining beta, book to market and size, he corrects for the selection bias in the  
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Table 2.10. Full-Sample Regressions: Changes in Fundamentals for the Six Size-BE/ME  
 
Portfolios Regressed on Proxies for Market(Mkt), Size (SMB) and Book- to- 
Market (HML) Factors in the Changes in Fundamentals:  

Y (t + 1) = a + b  Mkt (t + 1) + s SMB (t + 1) + h HML (t + 1) + e (t + 1) 
The six size-BE/ME portfolios (S/L, S/M, S/H, B/L, B/M, and B/H), equity income EI 
(t+1), and book equity BE (t) are described in Table I. EI (t + 1) /BE (t) is the sum of EI 
(t + 1) for all firms in a portfolio for the fiscal year ending in calendar year t, divided by 
the sum of BE (t). EBI (t + 1) is EI (t + 1) plus interest expense and preferred dividends 
summed over all stocks in a portfolio. S (t + 1) is the sum of sales for the stocks in a 
portfolio. Y (t + 1) is the change in a fundamental variable (EI/BE, 1n EBI, or 1n S) from 
year t to t + 1 for all firms in a portfolio that have all required accounting data for both 
the portfolio formation year t and year t + 1. Ln is a natural logarithm. SMB, the size 
factor in Y, is the simple average of Y for the three small-stock portfolios (S/L, S/M, and 
S/H) minus the average for the three big-stock portfolios (B/L, B/M and B/H). The book-
to-market factor, HML, is the simple average of Y for the two high-BE/ME portfolios 
(S/H and B/H) minus the average for the two low-BE/ME portfolios (S/L and B/L). For 
EBI or S, the market is the sum of EBI or S for all stocks, and Mkt is the log of EBI or S 
for the market. For EI/BE, Mkt is the sum of EI over the sum of BE. T (.) is a regression 
coefficient divided by its standard error. Regression R2 values are adjusted for degrees of  
freedom.    

 a b s h t(a) t(b) t(s) t(h) R2 
   Panel A. Y(t + 1) = EI(t + 1)/BE(t) 

S/L -0.77 1.09 1.44 -0.57 -3.34 12.06 9.77 -7.47 0.94 
S/M 0.53 0.95 0.21 -0.14 2.49 11.54 4.53 -2.04 0.87 
S/H -0.17 1.09 1.18 0.61 -0.59 9.52 6.31 6.35 0.92 

          
B/L 0.00 1.00 -0.20 -0.43 0.02 9.00 -1.10 -4.59 0.78 
B/M 0.17 1.13 -0.03 -0.05 0.80 13.36 -0.24 -0.70 0.89 
B/H -0.59 1.00 0.06 0.38 -1.96 8.50 0.33 3.83 0.82 

     Panel B. Y(t + 1) lnEBI(t+1)   
S/L -2.09 1.04 1.12 -0.40 -1.60 8.28 9.39 -4.76 0.93 
S/M 1.08 1.05 0.39 -0.19 0.87 8.69 3.40 -2.37 0.88 
S/H 0.73 0.93 1.26 0.77 0.63 8.29 11.97 10.38 0.98 

          
B/L 2.20 0.89 -0.10 -0.29 1.91 7.96 -0.96 -3.91 0.74 
B/M -1.87 1.13 0.12 -0.08 -1.65 10.30 1.15 -1.12 0.90 
B/H -0.61 1.00 -0.25 0.55 -0.35 6.04 1.58 5.01 0.87 

     Panel C. Y(t + 1)=ln S(t +1)   
S/L 2.85 0.93 0.9 -0.35 2.21 11.15 7.21 -3.61 0.84 
S/M -0.61 1.03 0.93 0.03 -0.50 12.95 7.81 0.28 0.90 
S/H 0.03 0.91 0.88 0.49 0.03 15.32 9.90 7.17 0.95 

          
B/L 0.29 0.84 0.06 -0.48 0.36 15.84 0.79 -7.95 0.90 
B/M -1.13 1.17 -0.43 -0.02 -1.00 15.92 -3.89 -0.29 0.95 
B/H 3.11 0.86 0.08 0.68 2.21 9.40 0.57 6.49 0.92 
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Compustat database by filling in the missing data from Moody’s. A correction for the 

error in variable bias is also employed. Kim’s results contradict the contention of Kothari, 

Shanken and Sloan of a selection bias in Compustat due the survivorship problem. The 

explanatory power of beta on stock returns is significant regardless of book to market 

equity, size and earnings to price ratios. Book to market equity is significant. Size is 

significant for monthly returns, but not quarterly returns. 

 The robustness of size and book to market equity is explored by Knez and Ready 

(1997). The least trimmed squares are a robust regression technique that trims a 

proportion of the observations and then fits a least squares regression on the remaining 

observations. By trimming the outliers, the potential influential effect is removed. By 

trimming 5% of the observations each month, the risk premium for size goes from -.12 to 

.33. When only 1% is trimmed, the risk premium for size is .14. The results showed that 

the negative relation between size and stock returns is caused by a few extreme 

observations. With only 1% trimmed, the relation between size and stock returns 

becomes significantly positive. They suggest that the difference between their 

methodological results and the least squares is due to the positive skewness in the return 

distribution for small, young firms. 

 Other factors do seem to have explanatory power for the cross-sectional stock 

returns. Brennan, Chordia, Subrahmnanyam (1998) examine the relation between many 

factors and stock returns. Looking at risk-adjusted return, they found support for size and 

book to market equity, but other factors are significant. A significant negative relation 

between trading volume and stock returns is found. Under the Connor and Korajczyk 
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(1988) principal component approach, the results showed that dividend yield is 

significant, but not in the other model used. 

 Many factors have been suggested in the literature as having explanatory power. 

Chan, Karceski, and Lakonishok (1998) identify which ones capture systematic return 

covariance utilizing a broad scope of these factors. Macroeconomic factors, statistical 

factors, fundamental factors, technical factors and a market factor are employed in their 

test of which factors explain return covariation. While numerous factors were studied, 

many factors were not significant. The macroeconomic factors presented in Fama and 

French’s (1993) paper of a term premium and default premium did explain some of the 

return covariation. Other factors like industrial production, the real interest rate, the yield 

difference of long-term government bonds and treasury bills, expected inflation, and 

unexpected inflation did a poor job in explaining systematic return covariance. Statistical 

factors provide little benefit beyond the first two principal components. Chan, Karceski, 

and Lakonishok (1998) suggested that the first principal component is capturing the 

market factor. The fundamental factors have been studied extensively in the literature. 

The results showed that size seems very important in stock return covariation. Book to 

market equity and dividend yield is also important. Technical factors based on a firm’s 

past return help explain return covariation. The market factor explains some covariation. 

Their study shows that when looking at each factor separately, many factors evaluated 

seem to have importance in explaining the covariation of returns. 

 The CAPM presents an appealing theory for the pricing of securities. Under the 

CAPM, the expected return on a stock is a linear function. The beta measures the 

systematic risk of a stock. The beta times the market risk premium plus the risk free rate 
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allows for the determination of a stock’s expected return. Unfortunately, empirical tests 

of the CAPM have not completely supported the model. Fama and Macbeth (1973) found 

that the slope was flatter and the intercept was higher than predicted by the theoretical 

model. Other anomalies such as the January effect, day of the week effect, size effect and 

others have been found. These anomalies point out the insufficiencies of the CAPM. 

 The CAPM has a strong set of assumptions. The APT has less restrictive 

assumptions. The APT is based upon arbitrage enforcing the law of one price in the APT. 

Several relevant factors are used to explain the expected return on a stock. The APT does 

not offer how many or which factors are relevant. Chen, Roll, and Ross (1986) pre-

specified variables in their test, but other studies found that more factors could be needed. 

The empirical results for the APT have been inconclusive. 

 The Fama and French series (1992, 1993, 1995, 1996) present size, book to 

market equity and the market as factors used to explain stock returns. Recently, this 

three-factor model has received much interest. While the empirical tests have generally 

found support for these factors, a theoretical explanation is needed. Studies presented 

early have shown that anomalies plague the Fama-French three-factor model. With the 

problems associated with the CAPM, APT and Fama-French models, a model that can 

explain some of these anomalies is needed. In the next section, skewness will be 

presented as a possible factor that can help explain some of the observed anomalies. 

 

2.5.3 The Three-moment CAPM 

 While the consistent underperformance of IPOs in the long run has been 

thoroughly examined in the literature, a complete explanation of this phenomenon has not 
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been presented. In this research, the argument will be made that a skewness premium is a 

possible explanation for this perceived underperformance. If investors are willing to trade 

lower returns and a higher variance for positive skewness in the IPO market, then the 

observed underperformance based on mean-variance is not relevant. The IPOs need to be 

judged on skewness as well as the mean and variance. 

 The idea of the importance of skewness in stock return distributions has been 

noted in the literature for decades. McEnally (1974) separated a sample of 545 common 

stocks into five groups. He then determined the mean, standard deviation, skewness and 

beta for each group. Table 2.11 presents his results. The measure of skewness used by  

McEnally is equal to the third moment about the mean divided by the cube of the 

standard deviation (relative skewness). As the standard deviation and beta goes up from 

group 1 to group 4, the return increases from 1.1% to 1.43%. This trade off between risk 

and return seems to follow the expected pattern, but for group 5 the standard deviation 

and beta increase while the return decreases to 1.32%. This decrease in return with an 

associated increase in risk does not seem consistent with a trade off of risk for return. If 

you observe that positive skewness dramatically increases from group 4 to group 5, then 

this can possibly explain the observed pattern. Investors might be willing to trade off  

some expected return for a chance to get an extremely large return. This implies that there 

could be a marginal rate of substitution between expected returns and skewness that 

investors are willing to accept. 

In the seminal paper by Kraus and Litzenburger (1976), they extend the capital asset 

pricing model to include a skewness parameter. Sharpes’ CAPM based on the mean and 

variance has been shown by many studies to be inconsistent because the slope is 
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Table 2.11. Selected measures of Distributions of Monthly Holding period Returns of  
        Individual Common Stocks, 1945 – 1965 (Five Groups of 109 Stocks Each) 
 

Group  
1 2 3 4 5 

Grand Mean of HPR's 1.0110 1.0125 1.0137 1.0143 1.0132 
Mean of Standard Deviations of HPR's 0.0497 0.0617 0.0706 0.0815 0.1070 
Mean of Skews of HPR's 0.3227 0.3854 0.5430 0.6877 1.2738 
Mean of Betas 0.61 0.85 0.96 1.14 1.33 
Source: McEnally (1974) A Note on the return Behavior of High Risk Common Stocks,  Journal 
of Finance 29,199-202. 
 

flatter and the intercept is higher than predicted by theory. The authors believe the 

empirical results that show inconsistency with the traditional theory are due to 

misspecification of the CAPM by not including systematic skewness. 

 Using the first three-moments of a return for ranking assets can only be 

determined if the investor has a cubic utility function.1 Desirable properties for an 

investor’s utility function are a positive marginal utility for wealth, a constant or 

decreasing absolute risk aversion and a decreasing marginal utility for wealth. An 

investor with a positive marginal utility for wealth would have nonsatiety for wealth. A 

constant or decreasing absolute risk aversion assumes that assets are not inferior goods. 

Decreasing marginal utility for wealth means investors are risk averse. The authors point 

to Arditti (1967) to show that constant or decreasing absolute risk aversion is a sufficient 

condition for U’’’ > 0, thus implying investors have a preference for positive skewness. 

They argue that preference for positive skewness and aversion to standard deviation are 

                                                           
1  Levy (1969) criticizes cubic utility as an argument for skewness preference since cubic 
utility does not exhibit decreasing marginal utility for all wealth levels. Furthermore, the 
set of separable cubic utility functions that exhibit decreasing marginal utility for a 
domain of positive wealth levels was zero display within that domain the undesirable 
behavioristic attribute of increasing absolute risk aversion (implying that the risk asset 
portfolio is an inferior good). Source Kraus and Litzenburger (1976) pp. 1086 footnote 2  
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general characteristics for investors that have constant or decreasing absolute risk 

aversion and decreasing marginal utility of wealth. 

 

Where 

  

To maximize the expected utility of wealth and solving for the portfolio 

equilibrium conditions, the following equation is formed. 

Ri – RF =  - (φσw / φw ) βip σp – (φmw / φw ) γip mp     (2.7) 

Where 

 Ri  = the expected rate of return on the ith asset 

 RF  = the rate of return on the riskless asset 

-(φσw / φw ) = the marginal rate of substitution between standard deviation and 

expected wealth at the end of the period. 

βip = the beta of asset i 

σp = the standard deviation of the rate of return of a portfolio of assets 

-(φmw / φw ) = the marginal rate of substitution between skewness and expected 

wealth at the end of the period 

γip = the gamma of asset i, Yi = mimm/mm
3 

mp = the skewness of the rate of return of a portfolio of assets,  

where  
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 Using a “separation theorem for the composition of an investors portfolio of 

assets, they move from the equilibrium conditions for individuals to the following model 

for market equilibrium. 

Ri  -  RF  =  b1 βi  +  b2 γI         (2.8) 

Where 

Ri   = the expected rate of return on the ith asset 

RF   = the rate of return on the riskless asset 

b1    = the market price of beta 

βi   = the market beta on the ith asset 

b2   = the market price of gamma 

γi   = the market gamma of the ith asset 

 

 Under constant or decreasing absolute risk aversion, b2 will have the opposite sign 

of the market’s skewness. When the market has positive (negative) skewness, then b2 will 

be negative (positive). Intuitively this makes sense, when there is positive (negative) 

market skewness; investors would expect less (more) return. Also, investors would want 

(be averse) to have positive skewness with a positively (negatively) skewed market 

willing to accept (require) less return. 

For the empirical test, the following model was used: 

ri  = bo  + b1 βi +  b2 γi  +  µI          (2.9) 

where 

ri  = (R i t  - R F t) / RF t , the deflated excess rate of return on the ith  asset 

RF t  = the 90-day treasury bill rate 

βi  = the estimate of beta on the ith asset 
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γi  = the estimate of gamma on the ith  asset 

µi  = the disturbance term 

 Their three-moment capital asset pricing model predicts that bo  = 0, b1  > 0 and b2  

has the opposite sign of the market’s skewness. Using monthly return data for NYSE 

stocks for the 1926 – 1970 period, Kraus and Litzenberger (1976) results from panel c 

Table II on page 1,096 are: 

   bo  = -0.109     b1  = 1.119     b2  = -0.212 

t (bo ) = -0.322   t (b1 ) = 2.230   t (b2 ) = -1.905 

Average R2  = 0.451 

 Their results support the hypothesis that bo (intercept) is not significantly different 

than zero. Their test shows that b1 is positive and significant which is consistent with the 

model. Most importantly, their results are that b2 is significant. Thus, skewness is priced. 

The negative sign is correct because over their sample period the market skewness is 

positive. 

 Friend and Westerfield (1980) retested the Kraus and Litzenberger (1976) model. 

Friend and Westerfield found that co-skewness did have the predicted effect in their 

regressions for the whole period of 1952 to 1976, but only in one of their sub-periods. 

Co-skewness did have the predicted effect when the return on the market was higher than 

the risk free rate, but not when the return on the market was less than the risk free rate. 

Their analysis provides some support for co-skewness explaining returns, but this support 

is not conclusive as many subperiods produced mixed results. The results showed that the 

bo was significantly different from zero, which means the implied risk free rate is 

significantly different from the actual risk free rate. Important to subsequent research, 
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Friend and Westerfield (1980) find that co-skewness along with co-variance is affected 

by the use of different market indexes. 

 Since Friend and Westerfield point out that the KL model is sensitive to the sign 

of market risk premium, Sears and Wei (1985) reexamine the three-moment model. Sears 

and Wei state that the importance of skewness should be gauged by b2/b1, just as risk is 

measured by (Rm – RF) = b1 + b2 , so that skewness is evaluated on a relative basis as the 

trade-off between risk and skewness. The theoretical market equilibrium relationship is: 

 
Ri  -  RF  = [ (Rm  - RF ) / (1 + K3 )] βi  + [[K3  (Rm  - RF)]/(1 + K3) ]γi    (2.10) 
             

where K3  =  the market’s marginal rate of substitution between skewness and risk times 

the risk adjusted skewness of the market portfolio. There is interaction between market 

risk premium (Rm  - RF ) and skewness (K3 ). Sears and Wei show that imbedded in the 

coefficients of b1 and b2 is the market risk premium. 

 In a follow up study, Sears and Wei (1988) reexamine the three-moment capital 

asset pricing model. Previous research indicated that the coefficient of co-skewness could 

give information on the marginal rate of substitution between skewness and return. Sears 

and Wei extend the research by separating out the effect of the market risk premium. The 

elasticity coefficient Sears and Wei find provides information on the preference for 

skewness independent of the possible confounding effects of the market risk premium. K3 

is the elasticity coefficient that measures the importance of skewness relative to standard 

deviation. Using data from 1936 to 1982, Sears and Wei find support in many subsamples 

that skewness is important in the pricing of securities. 



 58

 Lim (1989) uses the generalized method of moments (GMM) to retest the three-

moment capital asset pricing model. Lim notes that the GMM approach does not make 

the assumption of multivariate normality, which does not impose a distribution on assets 

returns. The estimate for skewness is significant in all subperiods. Lim rejects that the 

return distributions are normal. He finds that skewness is nontrivial. The results show that 

the skewness premium is negative (positive) when the market skewness is positive 

(negative). This evidence supports investor’s preference for co-skewness when the 

market is positively skewed. Investors have an aversion to co-skewness when the market 

is negatively skewed. Overall, Lim found that skewness is important. 

 Lee, Mory and Lee (1996) again reexamine the three-moment capital asset pricing 

model. They use a multivariate test to be able to overcome the problem of 

multicollinearity between the co-skewness and co-variance measure. The results are that 

co-skewness is statistically significant, but plays only a small role in pricing. 

 Harvey and Siddique (2000) study asset-pricing models that incorporate 

conditional skewness. An average annualized spread between the returns on positive 

versus negative portfolios is 3.60 percent over the period of 1963 to 1993. Harvey and 

Siddique found that the Fama-French three-factor model always does better than the 

CAPM. The addition of skewness to the CAPM makes it more competitive. The three-

factor model produces an R2 of 71.8 percent. The CAPM has an R2 of 11.4 percent, but 

with skewness added increases to 68.1 percent using a full-information maximum 

likelihood method. The CAPM with skewness explains 61 percent of the cross-sectional 

variation in returns compared to 89.1 percent for the three-factor model. When the 

skewness portfolio is added to the three-factor model, the model explains 95 percent of 
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the variation. The author concludes that HML and SMB factors capture similar 

information as skewness. The results show that skewness explains the cross sectional 

variation of expected returns even when size and book to market factors are included. 

 Brav (2000) in his Table II showed that for IPOs the underperformance and 

positive skewness was present. Using a five year buy and hold strategy for the Ritter 

1975-1984 IPO data set, IPOs on averages had a 27.2 return (median -37.1) compared to 

the NYSE-AMEX value weighted index of 92.9%. Thus, the abnormal return was -65.7% 

with a standard deviation of 245.9 and a skewness of 11.9. His results demonstrated the 

underperformance when compared to the market and the extreme positive skewness of 

IPOs.  

Evaluating the cross-sectional distribution of initial public offerings for one-day 

returns, Asquith, Jones and Kieschnick (1998) conclude that a mixture of two normal 

distributions better models the returns. The authors’ evidence suggests that this mixture 

of distributions last for at least four weeks. Figure 2.2 presents their two-univariate 

distributions. The N(0, 0.028) density is consistent with price stabilization hypothesis. 

The N (0.16, 0.186) is consistent with the observed underpricing of IPOs. The authors  

believe that a mixture of these two densities models the distribution of IPOs better. 

Figure 2.3 presents this mixture. Simple observation shows that this mixture resembles a 

positively skewed distribution. The evidence presented supports a significantly positively 

skewed distribution for IPOs. Table 2.12 presents these results. This evidence shows that 

for at least the first four weeks an IPOs return is highly positively skewed. An attempt 

will be made in this research to show that IPOs returns are positively skewed over the 

long run.  
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Asquith, Jones and Kieschwick (1998) Figure 2.3 that show their mixture of two 

normal distributions resembles a positively skewed distribution.  The two mixture 

distribution with Knez and Readys’ (1997) belief that the positive skewness in return 

distribution is due to small young firms, provides the motivation for examining the 

skewness of IPOs. In the next chapter, hypotheses about the third moment (skewness) in 

the return distribution of IPOs will be presented along with the importance of skewness 

factor in asset pricing models that will be used to examine IPOs expected return. 

 

 
Figure 2.2. Two univariate normal densities 
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Figure 2.3. Mixture of two univariate normal densities 

Table 2.12. Summary Statistics for the Sample of 560 Early Initial public Offering Return 
                   Distributions, 1982-1983 
 

 1-Day 1-Week 2-Weeks 3-Weeks 4-Weeks 
Mean 0.097 0.96 0.103 0.106 0.112 
Median 0.037 0.038 0.060 0.063 0.070 
Minimum -0.202 -0.333 -0.519 -0.545 -0.536 
Maximum 0.865 0.989 0.891 0.983 0.895 
Standard Deviation 0.146 0.175 0.199 0.221 0.227 
Skewness 1.87** 1.40** 0.89** 0.80** 0.67** 
Excess Kurtosis 4.16** 3.07** 1.58** 1.25** 0.87** 
*Significant at 5% level.     
**Significant at 1% level.      
Source: Asquith, Jones and Kieschnick (1998) Evidence on Price Stabilization and Underpricing in Early IPO Returns,  
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CHAPTER III 

HYPOTHESES, DATA & METHODOLOGY 

 

3.1 Introduction 

As discussed in Chapter II, two highlighted anomalies associated with initial 

public offerings have been the underpricing (over-performance) in the short run and the 

underperformance in the long run as compared to the market’s return. The purpose of this 

research is to examine the underperformance in the long run and test whether or not 

skewness is important in the pricing of IPO returns. The importance of skewness in 

returns of IPOs will be studied. Traditional asset pricing models will be employed to 

analyze IPOs to find the model that best explains the observed anomaly of long run 

underperformance. The IPO literature has documented the existence of this consistent 

underperformance in the long run, but has not suggested a model for pricing of IPOs. A 

possible explanation for this underperformance is that previous literature has not 

incorporated the effect of skewness. Studies have shown that skewness can be important 

in stock returns. If investors value positive skewness in the IPO market, then there should 

be an observable marginal rate of substitution between expected return and skewness. 

That is, investors in IPOs may be willing to exchange positive skewness for higher 

variance at a given level of expected return. The purpose of this chapter is to develop 

some hypotheses that can be tested to study the effect of skewness of IPOs’ returns. 

In this research, the length of time over which an IPO return is measured will be 

separated into two general lengths. Understanding how the short run and long run are 

defined will be crucial to comprehension of the tests of my hypotheses. IPO returns will 
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be examined both in the short run and long run. The short run will be defined as any 

length of time less than a year. Short run lengths of time of interest are the offer price to 

the first trade, first day, first week, first 28 days, first 60 days, first 90 days, first 180 

days, and first year. The long run will be defined as any length of time over one year. In 

the long run, IPO cumulative returns will be investigated for one-year increments up to 

twenty years after the offer date. 

In this research, three measures of skewness will be utilized. Each of the three 

measures of skewness will be employed to help define skewness in the IPO market. In 

order to clarify the terminology of the different measures of skewness, the formula for 

each measure will be given. The first measure of skewness will be “raw skewness.” The 

second measure will be “relative skewness.” The third measure will be “co-skewness.” 

 The first measure of skewness, “raw skewness,” measures the asymmetry of the 

return distribution. Raw skewness is the third moment about the expected return. The 

deviations from the expected return are cubed to find m3. Since the deviations are cubed, 

this allows for their sign to be retained. This sign specifies as to whether the return was 

below or above the expected return. If m3 is less (greater) than zero, the return 

distribution is negatively (positively) skewed, meaning that outliers in the return 

distribution lie below (above) the expected return. In a probabilistic sense, a negatively 

(positively) skewed return distribution is one in which more of the returns lie above 

(below) the mean or expected value, since the skewed returns pull the mean in the 

direction of the “tail.” Figures 3.1 and 3.2 illustrate the nature of a negatively and 

positively skewed distribution. In this research, raw skewness will be utilized to examine 

the return distribution of IPOs.  
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Figure 3.1. Negative Skewness 
 
 

 
 
Figure 3.2. Positive Skewness 
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The formula for raw skewness for security i’s return distribution is:     

mi
3 = ∑t rit

 – E(rit)3 / (T – 1)        (3.1) 
 

where ri,t represents the return on security i, in time period t and the raw skewness  
is measured over T time series returns. 

 

A second measure of skewness is “relative skewness.” Relative skewness is a 

standardized measure. Taking raw skewness (m3) and dividing it by the standard 

deviation cubed σ3 creates the standardized measure of relative skewness. Standardizing 

the raw skewness statistic controls for the positive effect that the second moment, 

variance, has on the measured value of raw skewness.1 Relative skewness measures can 

also be tested statistically for their significance. Since relative skewness is a standardized 

measure, comparisons can now be made between different distributions. The formula for 

relative skewness for security i’s return distribution is: 

mi
3 / σi

3          (3.2) 

A third measure of skewness is “co-skewness.” Kraus and Litzenberger (1976) 

developed the co-skewness measure. Extending the two-moment CAPM, Kraus and 

Litzenberger (1976) included an asset’s systematic skewness.2 In their model, the  

expected return is a function of the risk free rate (rf), the systematic risk (β) and also the  

systematic skewness (γ). Theoretically, according to the Kraus and Litzenberger model, 

the sign of the co-skewness coefficient,γ should be opposite of the sign of the raw  
                                                           
1 Because of the positive correlation between the second and third moments of the distributions, proper 
assessment of the level of skewness is more accurately measured after controlling for the influence of 
variance on raw skewness. Standardizing the raw skewness controls the variance effect. 
 
2 Kraus and Litzenberger show that mathematically, if the standard investor’s portfolio utility maximization 
objective is extended to include the third moment (raw skewness), along with the mean and variance, the 
general equilibrium conditions include, in addition to beta (systematic risk), another systematic risk factor, 
gamma; called the co-skewness (systematic skewness)) Their empirical results show that co-skewness is 
also an important risk factor in explaining the cross-sectional differences between assets’ average 
(expected) returns. 
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skewness of the market (mM
3). In their test of the model, Kraus and Litzenberger found 

that the market index used was positively skewed (mM
3>0). The implication of the 

positively skewed market is that investors should want positive co-skewness with a 

positively skewed market index. That is, investors should be willing to give up some 

expected return for the positive skewness (i.e., the sign of the coefficient on γ should be 

<0). On the other hand, with a negatively skewed market index (mM
3<0), investors prefer 

to avoid co-skewness with the market and would require a premium for the systematic 

skewness (sign of γ>0). The formula for co-skewness is: 

∑t [ rit – E(rit)] [ rmt – E(rmt)]2 / ∑t [ rit – E(rit)]3     (3.3) 

                              
The following sections will refer to these measures of skewness used by their 

names as defined here. This defining of raw skewness, relative skewness and co-

skewness will allow for easy interpretation of the measures used to examine skewness in 

the different hypotheses. 

3.2 Hypotheses 

 Previous literature has failed to develop a model for the consistent 

underperformance of IPOs in the long run. Theoretically, many papers have addressed 

this issue of underperformance by developing alternative hypotheses about the observed 

return behavior. These explanations have ranged from the “winners curse hypothesis” to 

the “insurance against legal liability hypothesis.” While the papers have presented 

possible explanations for this anomaly, none have developed an asset-pricing model for 

IPOs in the long run. A combination of a sound theoretical explanation with a testable 

model still needs to be developed. 
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 Empirically, numerous studies have shown the underperformance of IPOs in the 

long run across firm samples from many countries. The issue of the underperformance of 

IPOs is a widely accepted fact. These studies consistently have found that IPOs do 

underperform when compared to different benchmarks. Ritter (1997) found that IPOs in 

the United States from 1970-1990 had an abnormal return of –20% over a three year 

period when compared to the market’s return. While studies have found this 

underperformance, an acceptable theory for this anomaly has not been provided. 

 The problem with previous studies is that a sound testable theoretical hypothesis 

has not been developed. Evidence presented in Chapter II shows that the potential for 

positive skewness has been alluded to many times. In the study by Lyon, Barber and Tsai 

(1999), they state that a skewness bias can arise because the distribution of long run 

abnormal stock returns is positively skewed. Sharpe’s (1964) CAPM and Fama and 

French’s (1993) three-factor CAPM both make the assumption of normality for the 

distribution of returns. Studies by Kraus and Litzenberger (1976), Sears and Wei (1988) 

and Lim (1989) have found that skewness is important in the return distribution. While 

there has been support for skewness, the importance of skewness is still unresolved. In 

related research, Knez and Ready (1997) find that outliers, in particular, positively 

skewed outliers, can affect tests of the Fama-French three-factor model. These results 

suggest that the difference between their methodological results and traditional least 

squares tests is influenced by the positive skewness in the return distribution for small 

young firms. These small young firms should be very similar to IPOs. Loughran and 

Ritter (1995) give the possible reason for the persistent pattern of underperformance of 

IPOs, namely IPO investors are betting on longshots. These investors are hoping to find 
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one of the IPO winners. This assumed behavior implies that investors are interested in the 

right tail of the IPO return distribution. Thus, positive skewness may factor into an 

investor’s decision. If positive skewness is significant to investors, then this co-skewness 

factor should be measurable.        

 

3.2.1 Hypothesis I 

In this research, several hypotheses regarding the presence and the importance of 

skewness in IPOs will be examined. The first hypothesis of interest is:  

H1: the event time series and cross-sectional distributions of IPO returns will be 

significantly positively skewed, as measured by raw skewness and relative 

skewness.  

This hypothesis could be stated differently as “the event time series and cross-sectional 

distributions of IPO returns in the long run is not a normal distribution, but has significant 

outliers in the right tail.” Thus, the third moment of the return distribution, raw skewness, 

is important in describing the return distribution.  

 

3.2.2 Hypothesis II 

 Initial public offerings are unique investments. Unlike publicly (“seasoned”) 

traded stocks, IPO investors do not have past prices or volumes to use in their evaluation 

of a firm. This is just one example of the disparity in available information between IPO 

stocks and publicly traded stocks. IPOs generally do not have as much publicly available 

information for investors as stocks that have been traded for years. Due to the asymmetric 
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information problem associated with IPOs, the IPO market could have different 

distributional characteristics than the overall market in both the short run and long run.  

This aspect motivates the examination of part A of the second hypothesis, namely: 

H2A: The cross-sectional series return distributions for IPOs is significantly 

different from the cross- sectional return distribution for the market.  

This hypothesis could be restated as “the cross-sectional series distributions for initial 

public offerings have different means, different variances and different skewness than the 

distribution for the market.” 

 Initial public offerings also have information asymmetry between investors 

(outsiders) and insiders. This information asymmetry could cause the distribution of IPOs 

to be different from the distribution for the market. Logically it follows, that as time 

passes and new information is generated about an IPO, at some point in time, the return 

distribution for an IPO should become more like a typical (seasoned) publicly traded 

firm. Therefore, part B of the second hypothesis of interest is: 

H2B: Initial public offerings cross-sectional/time series return distribution should 

become insignificantly different from the return distribution for the market after 

being seasoned in the market.  

This hypothesis could be stated differently as; “IPOs should become indistinguishable 

from seasoned publicly traded stocks after some period of time, so the return distributions 

should be similar.” 

3.2.3 Hypothesis III- Asset Pricing and Skewness 

  Anomalies of the traditional two-moment capital asset pricing model, (equation 

for CAPM below in equation (3.4)), have been widely studied in the academic literature. 
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Fama and Macbeth (1973) found that the intercept was higher than expected and the 

slope was flatter, a typical result for much of the empirical literature on the CAPM. Other 

tests presented below have also found that the variation in returns is not fully explained 

by beta.  

E (ri)  = rf  + [E (rM ) – rf ] βi        (3.4) 

Where 

E (ri) = expected return on security i 

 rf = risk free rate 

 E(rM ) = expected return on the market portfolio 

βi  = covariance between security i and the market portfolio, divided by 

variance of the portfolio 

 

In more recent research, many studies like Black, Jensen and Scholes (1972), 

Miller and Scholes (1972) and Tinic and West (1984) have shown that variables such as 

size and book-to-market equity can explain some of the variation in returns. The Fama 

and French series of articles (1992,1993,1995, 1996) show the importance of size and 

book to market equity. Equation (3.5) presents the Fama and French three-factor model. 

Fama and French’s SMB (size) factor is the difference in returns between a portfolio of 

small size stocks and a portfolio of large size stocks. Their HML (book to market) factor 

is the difference in returns between a portfolio of high book to market stocks and a 

portfolio of low book-to-market stocks. Fama and French (1993) identify the SMB, HML 

and a market factor as the factors that seem to explain stock returns. Since these 

anomalies and others have been found in these models, a complete asset-pricing model 

has not been developed.  

R (t) – RF (t) = a + b [ RM (t) – RF (t) ] + s SMB (t) + h HML (t) + ε(t)   (3.5) 
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Where 

 R (t)  = the portfolio’s return 

 RF (t) = the one period treasury bill rate 

 RM (t) = the market return 

 SMB (t) = the size risk factor 

 HML (t) = the book to market equity risk factor 

 

 Previous studies presented in Chapter II have also found that skewness is 

important in the pricing of securities. The Kraus and Litzenberger (1976) model, equation 

(3.6), found that co-skewness (γ) is priced significantly (t = -1.905). The b2 coefficient 

had the correct sign. Kraus and Litzenberger also found that b1 was significant and b0 was 

insignificantly different from zero. The conclusion drawn in the Kraus-Litzenberger 

paper was that the three-moment CAPM corrected for some of the problems of the 

traditional two-moment CAPM. 

ri  = bo  + b1 βi +  b2 γi  +  µI        (3.6) 

where 

ri  = (R i t  - R F t) / 1+ RF t , the deflated excess rate of return on the ith  asset 

RF t  = the 90-day treasury bill rate 

βi  = the estimate of beta on the ith asset 

γi  = the estimate of gamma on the ith  asset 

µi  = the disturbance term 

 

 In a re-testing of the Kraus-Litzenberger model, Friend and Westerfield (1980) 

found mixed results in their analysis of skewness. In some subperiods, skewness was 

important. However, the results showed that b0, b1, and b2 varied in significance in 
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different subperiods. Their inconsistent finding for b0, b1, and b2 cast doubt on the Kraus 

and Litzenberger findings. Based on the Friend and Westerfield conclusions, Sears and 

Wei (1985) demonstrated that imbedded in the coefficients of b1 and b2 of the Kraus and 

Litzenberger model is the market risk premium. In a later study, Sears and Wei (1988) 

retest the Kraus and Litzenberger model. Sears and Wei extract out the effect of the 

market risk premium and found support for the importance of skewness. The Sears-Wei 

version of the Kraus-Litzenberger model is given in equation (3.7). 

Ri  -  RF  = [ (Rm  - RF ) / (1 + K3 )] βi  + [[K3  (Rm  - RF)]/(1 + K3) ]γi   (3.7) 
             

Where 

K3  =  the market’s marginal rate of substitution between skewness and risk times 

the risk adjusted skewness of the market portfolio. 

Lim (1989) using the general method of moments methodology also found support for 

the importance of skewness. Using a multivariate testing procedure, Lee, Moy and Lee 

(1996) tested the Sears and Wei model and found that co-skewness is statistically 

significant in the pricing of securities.  

 The uniqueness of initial public offerings as investment vehicles has led to 

numerous studies on the performance of firms going public. Many explanations have 

been presented in Chapter II for the consistent underperformance of IPOs in the long run. 

What has not been presented in previous literature is a model for the pricing of IPOs in 

the long run. In this research, the skewness of IPO returns will be put forth as a possible 

explanation for the perceived underperformance of IPOs. If investors are willing to 

accept a lower expected return, holding risk constant, for positive skewness, then IPOs 

might not be underperforming the expectations of these investors. Many studies presented 
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previously have found skewness significant in the pricing of securities. With the potential 

for high levels of skewness in IPO returns, skewness should be an important factor in the 

pricing of IPOs. Therefore, a third hypothesis is: 

H3: The co-skewness factor in the three-moment CAPM will be significant in 

explaining the variation in initial public offering returns.  

This hypothesis could be stated differently as “the skewness of IPOs is important in 

evaluating the returns of firms going public in the long run.” 

3.3 Data 

The data set for the identification of initial public offerings firms that will be used to 

perform the empirical testing in this research will be compiled from the Thompson 

Financial Securities Data (TFSD), the Center for Research in Security Prices (CRSP) and 

Research Insight (RI). For initial inclusion in the data set, a firm will have to be 

categorized as an original initial public offering by TFSD. A time line for a typical IPO is 

presented in Tables 3.1. The sample will include the New York Stock Exchange (NYSE), 

American Stock Exchange (AMEX) and National Association of Security Dealers 

Automatic Quotations (NASDAQ) stocks for the period of March 1980 thru December 

1999. The starting time period of March 1980 was chosen because of the availability of 

IPO data.  The ending time period of December 1999 was chosen to include as many  

Table 3.1. Timeline of a Typical IPO 
 

Steps      Time 
1. Underwriting Conferences    up to several months 
2. Registration Statement with SEC approved 20 days 
3. Roadshows      during the 20 days 
4. Pricing the IPO     up to last day of registration period 
5. Public Offering     days after registration period 
6. Price Stabilization     up to 30 days 
 



 74

IPOs as available from TFSD given that at least 36 monthly returns are required for 

testing. The Center for Research in Securities Prices (CRSP) will be utilized to provide 

the monthly returns for the sample. Research Insight (Compustat) will be employed for 

the balance sheet and market value information for the sample. The CRSP and RI 

information will end in December 2002. 

 Thompson Financial Securities Data (TFSD) was created in 1999 when the 

Investext Group, Securities Data Company and CDA/Spectrum joined together. TFSD 

will be used to identify the IPOs to be utilized in this research. IPOs are identified in the 

data set by an “IPO flag.” This flag signals that the public offering was the first time the 

stock was publicly available. A screening of the data indicates that the TFSD has 

identified 9,416 potential IPOs from January 1980 to December 2002. Using the data set 

obtained from TFSD, the percentage change from the stock offer price will be collected 

for all IPOs. The length of time collected for each IPO is the first trade, first day, first 28 

days, first 60 days, first 90 days, first 180 days and the first year. These pieces of 

information will be utilized in the short run time series distributions. While these short 

run returns are not the focus of this research, these short-term distributions will allow for 

comparisons to previous research in addition to providing the characteristics of IPOs 

short run distributions. 

The IPOs data set identified from the TFSD will then be utilized with the CRSP 

database to identify IPOs that are listed on CRSP. Out of the 9,416 possible IPOs 

identified by TFSD, 6,540 IPOs appear on CRSP. The new matched set of TFSD/CRSP 

IPOs was compared to RI database. The new TFSD/CRSP/RI set produces a possible 

5,749 IPOs for inclusion in this research.    
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Using the TFSD/CRSP/RI IPO set, IPOs that did not appear on CRSP within the 

first 30 days are eliminated. In previous research by Ritter (1991), the company was used 

if it appeared on CRSP within 6 months. Due to continuity problems of the time series 

data sets, a shorter elimination period was utilized. Out of this sample, 251 IPOs did not 

appear on CRSP within the required 30 days. Table 3.2 presents the number of IPOs with 

the corresponding number of days to listings on CRSP. For use in the asset-pricing 

model, each IPO needs at least the 36 continuous monthly returns available on CRSP. 

The criterion of the 36 months of returns on CRSP excluded 1425 companies. At least the 

first 3 years of balance sheet information from RI is needed for the asset pricing models. 

This criterion eliminated 1242 companies. The IPO set now has a possible 2,831 firms 

left for inclusion after the above criteria. 

In the literature, American Depository Receipts (ADRs) have generally been left 

out. “ADRs are generally left out because the quality of data is frequently poor,” says Jay 

R. Ritter (2003).  In this sample 79 ADRs were eliminated. Banks, savings and loans, and 

funds have also been generally eliminated. This elimination of SIC codes 60, 61 and 67  

reduces the sample by 215 companies. The final IPO set has 2,537 firms that met all of 

the criteria for inclusion in this research.  Table 3.3 presents an outline of the data screens 

used. This does not mean that each monthly or yearly subset will have the same number 

of IPOs. IPOs go public and drop out the whole time period causing the number to 

generally increase over calendar time and some times decrease when more delisting 

occurs. Table 3.4 presents the number of IPOs by the month that they were listed. Table 

3.5 presents the number of available IPOs each month considering the incoming new 

IPOs and the delisted IPOs. 
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Table 3.2. Calendar Days to Listings on CRSP 
 
 This table shows the number of calendar days that elapsed from the offer date on 
Thompson Financial Securities Data to the IPO being listed on Center for Research in 
Security Prices. A cut off of thirty days was set in this research. There were 251 firms 
that were eliminated from the sample due to the length of time between offer date and 
CRSP listing the firm. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Number of calendar days from Number of 
Offering Date to listing on CRSP IPOs 

0 1686 
1 749 
2 14 
3 18 
4 8 
5 5 
6 10 
7 6 
8 5 
9 3 
10 3 
11 4 
12 1 
13 5 
14 2 
15 2 
16 1 
17 0 
18 4 
19 1 
20 2 
21 0 
22 1 
23 0 
24 1 
25 1 
26 1 
27 1 
28 1 
29 1 
30 1 
  2537 
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Table 3.3. Outline of Data Screens 
 
Screen              Eliminated   Number Left 
1. IPOs identified on Thompson Financial Securities Data    9416 
2. IPOs that appear on the Center for Research in Securities Prices    -2876  6540 
3. IPOs that appear on Research Insight      -791  5749 
4. IPOs appear on the CRSP with in 30 days      -251  5498 
5. IPOs have at least 36 months of returns on CRSP     -1425  4073 
6. IPOs have at least 36 months of data on RI     -1242  2831 
7. American Depository receipts eliminated      -79  2752 
8. Banks and funds eliminated       -215  2537 
 

3.4 Hypothesis 1: Test and Data Analysis 

In this section, the time series tests and data analysis for Hypothesis I is discussed. 

The first hypothesis of interest is:  

H1: the event time series and cross-sectional distributions of IPO returns will be 

significantly positively skewed, as measured by raw skewness and relative 

skewness.  

This hypothesis could be stated differently as “the event time series and cross-

sectional distributions of IPO returns in the long run is not a normal distribution, but has 

significant outliers in the right tail.” Thus, the third moment of the return distribution, 

skewness, is important in describing the return distribution.  The criteria for accepting 

Hypothesis I will be if the t-statistic is significant at the 5% level. 

For Hypothesis I, the first data set being examined is based on the number of 

months since the offering. The range for Hypothesis I will be from the 1st month to the 

240th month (20 years). The data set for this event time series test of Hypothesis I will 

match up all IPOs first reported month on CRSP. The first month could have been any 

month in the March 1980 to December 2002 period. The set will vary from 2537 IPOs in  
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the 240th month. The descriptive statistics will be calculated for each event time months 

from the 1st month an IPO went public to the 240th month after it went public. This event 

time set will be divided by the calendar year an IPO went public. The descriptive  

statistics for each of the yearly subsets will be calculated allowing for comparisons 

between calendar years. This event time series data set will be used to calculate the 

cumulative returns for the IPOs for years 1 to 20 after an IPO has gone public. The 

descriptive statistics for each year will be calculated. This will allow the examination of 

wealth of an IPO investment over time. The delisted IPOs cumulative returns should 

allow for analysis of an IPO's relative wealth when delisted. This cumulative event time 

data set will now be divided by the year an IPO went public. Four event time data sets 

will have been made. The first set will be monthly returns from the 1st month after 

offering to the 240th month. The second set will divide the first set by the calendar year 

the IPO went public. The third set looks at cumulative returns for the 1st to the 20th year. 

The fourth set will divide the third set by the calendar year the IPO went public. 

3.4.1 Descriptive Statistic Formulas 

 The first hypothesis examines the importance of skewness in the distribution of 

IPO returns in the long run. The a priori belief is that IPO returns in the long run are 

positively skewed. To investigate this belief, the distribution of IPO returns will be 

examined. Specifically, the third moment of the IPO return distribution for various 

lengths of time ranging from first trade to 20 years will be studied. The raw skewness and 

relative skewness as presented earlier in Chapter III will be measured. The relative 

skewness measure will be tested for statistical significance. 

The following are the formulas for the all descriptive statistics. 

Mean = ∑n Ri / n         (3.8) 
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Stdev = [ ∑n ( Ri – E(R))2 / n(n–1)].5      
 (3.9) 

Kurtosis = [n( +1) / (n–1)(n–2)(n–3) ∑t ( Ri – E(R))4 / s] – 3(n-1)2 / (n-2)(n-3) (3.10) 

Raw Skewness = n / (n-1)(n-2) ∑n (Ri – E(R))3     (3.11) 

Relative Skewness = n / (n-1)(n-2) ∑n (Ri – E(R))3 / s3    (3.12) 

Z-score = [n / (n-1)(n-2) ∑n (Ri – E(R))3 / s3 ] / (6/n).5    (3.13) 

Where 

 n = number of observations 

 s = sample’s standard deviation 

 R = IPO return observation 

 E(R) = expected return observation 

3.4.2 Short Run Time Series Tests 

First, I will examine the IPOs based upon the corresponding time since the offer 

date. This will examine the time series returns of IPOs. The data set collected from 

TFSD will have the percentage change from offer price the first trade, first day, first 

week, first 28 days, first 60 days, first 90 days, first 180 days, and first year. 

Descriptive statistics will be calculated for each time series data set. The descriptive 

statistics will include the mean, the median, the mode, the maximum, the minimum, 

the count, the standard deviation, the kurtosis, the raw skewness, and a z-score for 

relative skewness and a p-value for relative skewness. The descriptive statistics will 

be presented in a table for each of the TFSD time series data sets. This table will 

allow for a comparison to previous short run results.  

 

3.4.3 Event Time Series Tests 

The first approach to hypothesis I will use all IPOs that have cleared all the 

criteria. These IPO sets will be examined at a month’s time interval from the first 

month to the 240th month. This will be an examination of event time data set one. All 
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IPOs first month in which it is publicly traded will be in month 1 regardless of the 

actual calendar time the IPO went public. In examining these sets for Hypothesis I, 

the actual offering date will be different for each IPO. The first month for each IPO 

may contain differing number of days depending on when during the offering month 

the IPO went public. Each month will correspond the IPOs monthly returns with the 

same monthly return in time of the other IPOs regardless of the actual calendar time 

of the return. This will provide 240 monthly descriptive statistics for the first 20 years 

of IPOs monthly returns. The descriptive statistics will include the mean, the median, 

the mode, the maximum, the minimum, the count, the standard deviation, the kurtosis, 

the raw skewness, a z-score for skewness, and a p-value for skewness plus the 

number and percent above the mean. The number of months with statistically 

significant skewness will be counted. These sets will be divided by year that an IPO 

went public. This will be event time data set two. This will create IPOs sets aligned 

by month since their offering, but divided by the year they were offered. As this 

creates 2964 individual monthly subsets, only the number of significantly positively 

skewed sets will be reported for each year.  

 

3.4.4 Cumulative Event Time Series Tests 

The second approach to Hypothesis I will examine the cumulative returns for 

IPOs. The cumulative returns for the 1st year to the 20th year will be calculated. This 

approach will use event time data set three. IPOs delisted from CRSP with less than 

20% of the original value will be considered failures. These failures will be carried 

until December 2002 at the percent loss they were at when delisted. This will help 
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correct for some of the survivorship bias in the long run distributions. With a 20% of 

original price threshold, 494 firms would be considered failures out of the 13448 

disappearing firms. The descriptive statistics for the 20 sets of cumulative returns will 

be calculated for both the data set with failures included and the data set excluding 

the failures. Thus, event time data set three will be examined both with out failures 

included and with failures included. All IPOs first month publicly traded will be in 

month 1 regardless of the actual calendar time the IPO went public. In examining 

these sets for Hypothesis I, the actual offering date will be different for each IPO. The 

first year for IPOs will depending on offer date in offering month, be slightly less 

than one year for most IPOs. This will not be a problem for the remaining 19 yearly 

sets as they will be exactly a year in length. These 20 IPO sets will be divided by year 

the IPO went public allowing for comparisons between calendar years. This will be 

event time data set four. This will create 247 yearly cumulative return sets by the year 

the IPO went public.  

 

3.4.5 Hypothesis I: Cross-Sectional Tests 

The next IPO data set to be used in Hypothesis I will examine the cross-sectional  

distributions at individual calendar months. Thus, some IPOs in a particular month will 

be in their 1st month public and most of the others will be more seasoned. Each monthly 

data set will have IPOs that have varying lengths of time since their offering. This cross-

sectional examination of IPOs will allow each month in the sample to be an individual 

data set. There will be an individual set for each month from March 1980 to December 

2002. The descriptive statistics for each of the calendar months will be calculated. These 
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individual sets will then be divided into subsets made up of IPOs that went public each 

calendar year in the sample from 1980 to1999. The individual yearly sets will only have 

IPOs with at most an 11 month difference in time since going public. This should 

eliminate some of the seasoned effects of older IPOs have on the statistics. The next 

cross-sectional examination of IPOs will be for yearly returns. Yearly returns will be 

divided by the year the IPO went public.  This will give 20 yearly sets of up to 22 yearly 

return statistics based on the year of the public offering. Three cross-sectional data sets 

will have been created. The first set will be monthly returns by the calendar month. The 

second set will divide the calendar monthly returns by the calendar year the IPO went 

public. The third cross-sectional set will be yearly returns from December to December 

of each calendar year.  

The third approach to Hypothesis I will examine the cross-sectional IPO data sets. 

The descriptive statistics by individual calendar month will be calculated. A few IPOs 

will be in their first month after going public, while most in each calendar month will be 

more seasoned. These monthly subsets will be divided by the calendar year the IPO went 

public. The descriptive statistics for this second cross-sectional data set will be compiled.  

 

3.5 Hypothesis II: Test and Data Analysis 

The three cross-sectional IPO data sets will be used in Hypothesis II to test the 

differences between the IPOs return distributions and the return distributions for the 

market. The market’s return distribution will be defined as all monthly returns for each 

individual month examined. The cross-sectional yearly return data set divided by the year 

the IPO went public will be tested for differences in the return distributions from the 
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market yearly returns. Time series/ cross-sectional comparisons of IPO returns and 

matched market returns will be examined. 

 

3.5.1 Hypothesis II A: Cross-Sectional Tests 

The cross-sectional test and data analysis for Hypothesis II A is discussed. The 

hypothesis of interest is: 

H2A: The cross-sectional series return distributions for IPOs is significantly 

different from the cross- sectional return distribution for the market.  

This hypothesis could be restated as “the cross-sectional series distributions for initial 

public offerings have different means, different variances and different skewness than the 

distribution for the market.” The criteria for accepting Hypothesis II A will be if the t-

statistic is significant at the 5% level. 

Comparing the return distributional characteristics of IPOs against those of the 

market will test Hypothesis II A. The market will be proxied by all monthly returns on 

CRSP for the month examined. Two approaches to differences between the return 

distributions will be examined. The first will be a cross-sectional look at IPO’s returns in 

a specific calendar month versus the value weighted market proxy. Differences between 

the IPO monthly calendar data sets and the markets data sets will be tested. There will be 

254 monthly returns for comparisons between the market proxy and the monthly IPO 

cross-sectional data sets one and two. The second approach to Hypothesis II A will be a 

cross-sectional look at IPO monthly calendar returns versus the equal weighted market 

proxy. There will be 254 months for comparisons between the monthly returns from 

cross-sectional data set and the equal weighted market proxy. The differences in means 
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will be tested for significances using a t-test. The differences between the variances will 

be tested with an f-test. To test the significant difference in skewness, skewness measures 

will be calculated for each return and a t-test will test the values of skewness.  

 

3.5.2 Hypothesis II B: Time Series/ Cross-Sectional Tests 

The time series/ cross-sectional test and data analysis for Hypothesis II A is 

discussed. The hypothesis of interest is: 

H2B: Initial public offerings cross-sectional/time series return distribution should 

become insignificantly different from the return distribution for the market after 

being seasoned in the market.  

This hypothesis could be stated differently as; “IPOs should become indistinguishable 

from seasoned publicly traded stocks after some period of time, so the return distributions 

should be similar.” The criteria for accepting Hypothesis II B will be if the t-statistic is 

significant at the 5% level. 

The approach to Hypothesis II B will match monthly calendar IPO returns with 

the corresponding monthly calendar returns on the value weighted market proxy. All 

monthly IPO returns will be aligned with the first month the IPO went public. The event 

time series created with the matching value weighted market returns will be used for the 

240 monthly average returns used for comparisons. The differences in means will be 

tested for significances using a t-test. The differences between the variances will be tested 

with an f-test. To test the significant difference in skewness, skewness measures will be 

calculated for each return and a t-test will test the values of skewness. 
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3.6 Asset Pricing Tests 

This section presents the different asset pricing models used on IPO returns. The 

models will be tested cross-sectionally and time serially to determine the importance of 

skewness. Hypothesis III is: 

H3: The co-skewness factor in the three-moment CAPM will be significant in 

explaining the variation in initial public offering returns.  

This hypothesis could be stated differently as “the skewness of IPOs is important in 

evaluating the returns of firms going public in the long run.” Two measures of co-

skewness will be examined.  

For inclusion in Hypothesis III of this research, an IPO will need to meet all the 

following criteria. First, an IPO will have to be identified as an IPO by the IPO flag in 

TFSD. Second, the IPO needs to have been listed on CRSP for at least 36 continuous 

months after going public. A minimum 24 month period is needed to calculate beta and 

gamma. The 36 continuous month return requirement assures that at least one year of 

returns is available for inclusion after beta and skewness measurements are calculated. 

The new data set will now be IPOs with at least three years of monthly return data 

available. This data set will be used in testing Hypothesis III. The Center for Research in 

Securities Prices (CRSP) will be utilized to provide the monthly returns for the sample. 

The IPO sample from TFSD will be matched with CRSP’s database to form the asset-

pricing sample. The returns for the asset-pricing sample will be pulled for up to twenty-

two years after they went public. The range will be from March 1980 to December 2002. 

The monthly returns obtained from CRSP will be used to calculate the beta and gamma. 

A minimum of 24 months is needed to compute the beta and gamma for each IPO. The 
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asset pricing models will use at least the next 12 months in their computations. Thus, a 

minimum of 36 continuous months of return data is needed for each IPO. After screening 

for 36 months of return data, the TFSD-CRSP data set will be matched with the Research 

Insight (RI) database. The third criterion is that RI has the size book value and equity 

value for each IPO that can be collected. After an IPO has met all criteria then the IPO 

will be included in the asset pricing data set.  

Portfolios will be employed in testing the asset-pricing model. The rationale for 

employing portfolios rather than individual stocks is based upon the fact that betas for 

individual stocks tend to have larger measurement errors than when portfolios are used. 

With these measurement errors, individual stock betas tend to change over time, but the 

betas estimated for portfolios tend to be more stable over time. Portfolios will be formed 

utilizing one one-pass procedure and three two-pass procedures for the empirical tests. 

Monthly returns for at least 24 months up to 60 months for an IPO will be used in the pre 

ranking beta and gamma estimates. The pre-ranking betas and gammas will be used to 

form the portfolio discussed in the next section. The CRSP equally weighted indices will 

be used as the proxies for the market portfolio. 

The hypothesis III presented will be tested in terms of portfolios instead of 

individual stocks for the asset pricing tests. The rationale for employing portfolios rather 

than individual stocks is based upon the fact that betas and gammas for individual stocks 

tend to have larger measurement errors than when portfolios are used. With these 

measurement errors, individual stock betas and gammas tend to change over time, but the 

betas and gammas estimated for portfolios tend to be more stable over time. 
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3.6.1 Portfolios Formed using Beta 

First, portfolios will be formed utilizing beta. The IPOs will be separated into 

twenty-five portfolios based on their betas. The betas will be estimated using the Scholes 

and Williams (1976) methodology. The Scholes and Williams beta will correct for the 

potential problem that arises from nonsynchronous trading. The first model to be tested 

will be the standard two-moment CAPM. The two-moment CAPM is included for 

completeness. The anomalies of a higher risk-free rate and a flatter slope will be 

examined. The following equation is the one to be utilized for testing. 

rit – rft  = (rmt – rft  )βi + εt        (3.14) 

Where 

rit = expected return on the portfolio 

 rtf = the one period treasury bill rate 

 E(rmt ) = expected return on the market portfolio 

βi = covariance between security i and the market portfolio, divided by 

variance of the portfolio 

The betas for individual stocks are estimated for stocks that have at least two 

years and up to five years of past monthly return data. The betas will be estimated by 

using the monthly returns versus the returns of the market. The market returns will be 

proxied by the value-weighted and equally weighted CRSP market indices. These betas 

will be used to form the portfolios for the asset pricing models.  The portfolio betas will 

be an equally-weighted average of the individual stocks in each portfolio. Unfortunately 

the use of IPOs with their potential for infrequent trading causes a possibly serious 

problem. The infrequent trading of IPOs introduces the problem of errors in variables. 

This econometric problem will be mitigated by the use of monthly data, but still could 

cause problems. In order to correct for this nonsynchronous data problem, the Scholes-
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Williams (1976) beta estimator will be used. Betas will be calculated with a 

contemporaneous lead and a lagged beta. The model for the pre-ranking betas is: 
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Where 

 ri,t       =  monthly return for security i; 

rm,t    = monthly return for the market portfolio;  

 

3.6.2 Two-Pass Portfolio Formation 

Each two-pass formation of portfolios should create a total of 25 portfolios for 

each of the aggregation procedures. With new IPOs entering the market nearly every 

month, the individual stocks will have to be reassigned to each portfolio each year. This 

will form new portfolios each year with varying numbers of individual IPOs in each 

portfolio. Asset pricing tests will be used both for cross-sectional and time series 

examination of the portfolios created.  Asset pricing test will be conducted using 

methodology employed by Kraus and Litzenburger (1976) for the cross-sectional testing. 
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Regression on the monthly returns will be utilized for each of the price separated 

portfolio aggregations described earlier.  The models using beta, gamma, SMB, HML and 

SKD will be run on the portfolio.  Time series asset pricing tests will use methodology by 

Fama and French (1993). 

 

3.6.2.1 Variable Measurement 

 This section will contain a discussion in detail how each of the variables in the 

asset pricing models will be measured. The variables discussed will be beta, gamma, size 

(SMB), book-to-market (HML) and co-skewness (SKD).  

After formation of the 25 portfolios, the Kraus and Litzenburger Betas are 

estimated using the 216 monthly returns from January 1985 to December 2002.  To avoid 

a spurious correlation problem, rit was excluded from the estimation of each of the 216 

betas for the cross-sectional testing. Thus, the beta used in the regression of each series of 

rit will not have been used to estimate beta used to predict the individual cross-sectional 

monthly returns. 

Βi = ∑t
s≠t ( rms – E(rm)) ( ris – E(ri)) /  ∑t ( rms – E(rm))2    (3.20) 

The gammas for individual stocks are estimated for stocks that have at least two 

years and up to five years of past monthly return data. The market returns will be proxied 

by the value-weighted and equally weighted CRSP market indices. These gammas will be 

used to form the portfolios for the asset pricing models. The portfolio gammas will be an 

average of the individual stocks in each portfolio. The model for the pre-ranking gammas 

is: 

γi = ∑t ( rmt – E(rm))2 ( rit – E(ri)) / ∑t ( rmt – E(rm))3     (3.21) 
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Krause and Litzenburger gamma are estimated using the 216 monthly returns for 

the 25 portfolios created. As with the Kruas and Litzenberger Beta, rit was excluded from 

the estimation to avoid spurious correlation. In the cross-sectional testing, the 216 

regression using KL gamma will not have used rit to estimate the gamma used to predict 

the returns for that individual cross-sectional month. 

γit = ∑t
s≠t ( rms – E(rm))2 ( ris – E(ri)) / ∑t

s≠t ( rms – E(rm))3    (3.22) 

Using the published information from Kenneth French Data library’s research 

factors, the factor of Rm-Rf is utilized in the regressions. Rm is the value-weighted return 

on all NYSE, AMEX and NASDAQ stocks. Rf is the one month treasury bill note. 

The pre-ranking size for each of the individual stocks is measured by the market 

capitalization of the stock on first month of each year. The size of the portfolios will be 

an average of individual stocks in each portfolio. The size of each portfolio will be 

recalculated each month by the different IPOs that are in each of the 25 portfolios after 

they have been assigned by the appropriate two-pass procedure.  

The Fama and French SMB (small minus big) factor is used in the asset pricing 

test of IPOs. SMB factor is available in the data library of Kenneth French’s web page. 

SMB is the average return small portfolios minus the average return on the big portfolios. 

The pre-ranking book-to-market factor for each of the individual stocks is defined 

as the book value divided by its market price. The book-to-market factor for the 

portfolios will be an average in each portfolio.  

The Fama and French factor HML (high minus low) examines the book-to-market 

of stocks. HML is the average return in the high (value) portfolios minus the average on 
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the low (growth) portfolios. HML factor is available in the data library of Kenneth 

French’s web page 

A direct measure of co-skewness, SKD, was developed by Harvey and Siddique 

for time series regressions. The measure of co-skewness used was formed similarly to 

Fama and French’s SMB and HML factors. They ranked stocks by their co-skewness and 

formed three portfolios. The 30 percent with the most negative co-skewness was defined 

as S-. The middle 40 percent was defined as So. The 30 percent with the most positive co-

skewness was defined as S+.  For each month, S-  minus S+  formed the skewness factor. 

SKD is calculated using the residual from regression of the excess returns on the market’s 

return. SKD represents the contribution of a security to the co-skewness of a broasder 

portfolio. A negative measure means that the security is adding negative skewness. 

According to Harvey and Siddique’s utility assumptions, a stock with a negative co-

skewness should have a higher expected return – that is, the premium should be negative. 

The formula for direct co-skewness is: 

SKDi = E( εi,t+1 ε2 m,t+1 ) / [(εi,t+1).5 E(ε2 m,t+1)]      (3.23) 

 

3.6.2.2 Portfolios Formed using Size then by Book-to-Market and  

Book-to-Market then by Size 

 Portfolios will be formed utilizing two two-pass procedures for the empirical 

tests. First, portfolios will be formed according to their size and then their book-to-

market. By first ranking by size and then book-to-market, the portfolio should have more 

dispersion of the returns. These portfolios will be used to replicate the Fama and French 

(1993) methodology on IPO returns. This aggregation process will be repeated, but with 
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portfolios formed by book-to-market first, then size. Individual stocks will be assigned to 

one of five portfolios based on their sizes in the first aggregation procedure. The smallest 

capitalized firms will be assigned to the first portfolio while the largest capitalized firms 

will be assigned to the fifth portfolio.  Within each of the five portfolios, the firms will be 

subdivided into five more portfolios based upon their book-to market. Figure 3.3 presents 

a representation of the portfolio formation on size then by book-to-market. 

The second aggregation procedure will have the firms assigned to one of five portfolios 

based upon their book-to-market and then within each portfolio the firms will be 

subdivided into five more portfolios based upon their size. Figure 3.4 presents are 

presentation of the portfolio formation on book-to-market then by size. The second asset- 

pricing model to be used will be the three-factor model presented in Fama and French 

(1995). This will test the importance of size and book-to-market for IPOs. 

 
Firm Size 

(5 portfolios) 
        Smallest        Largest 

Lowest       smallest size and                largest size and   
                   lowest book-to market              lowest book-to-market 

          
 
 
 
 
Book-to-Market 
  (5 portfolios) 
 
 
 
 
         smallest size and                         largest size and   

    Highest   highest book-to market             highest book-to-market 
 

Figure 3.3. Portfolio Formation by Size and then Book-to-Market 
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rit – rft  = (rmt – rft  )βi +  sSMBi + hHMLi +εt      (3.24) 

 

Where 

 r it  = the portfolio’s return 

 r ft = the one period treasury bill rate 

 r mt = expected return on the market portfolio 

 SMB t = the size risk factor 

 HML t = the book to market equity risk factor 

 

3.6.2.3 Portfolios Formed using Beta then by Gamma 

Portfolios will be formed using a two pass procedure with beta and gamma. Ranking first 

on beta and then on gamma will form this aggregation procedure for portfolios to be 

employed using the Kraus and Litzenburger methodology. Figure 3.5 

 
 Book-to-Market 

(5 portfolios) 
        Lowest                  Highest 

Smallest     lowest book-to market              highest book-to-market             
                   and smallest size              and smallest size             

          
 
 
 
 
       Firm Size 
  (5 portfolios) 
 
 
 
 
         lowest book-to-market             highest book-to-market                     

    Largest   and largest size              and largest size 
 

Figure 3.4. Portfolio Formation by Book-to-Market and then Size 
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presents a representation of portfolios formed on beta then by gamma. This procedure 

should give the greatest dispersion between portfolios for gamma, the variable of most 

interest. The aggregation procedure for KL (1976) will have the firms assigned to one of 

five portfolios based upon their beta and then within each portfolio the firms will be 

subdivided into five more portfolios based upon their gammas. The third model will use 

the Kraus and Litzenburger three-moment asset pricing model. This will examine the 

importance of skewness in describing IPOs  

rit – rft  = b1βi + b2γi + εt        (3.25) 

where 

rit  = (R i t  - R F t)  

rf t  = the 30-day treasury bill rate 

βi  = the estimate of beta on the ith asset 

γi  = the estimate of gamma on the ith  asset 

ε(t)  = the disturbance term 

 

3.6.2.4 Portfolios Formed using Size then Gamma 

The last aggregation procedure for portfolios will be ranking first by size and then 

by gamma. Again, this procedure should give the greatest dispersion between portfolios 

for gamma, the variable of most interest. Since this research hypothesizes that gamma is 

an important factor in explaining expected returns, gamma will be the second ranking 

procedure for two of the aggregation processes. Figure 3.6 presents a representation of 

the formation of portfolios by size then by gamma. These portfolios will be used in a 

similar methodological idea as Harvey and Siddique (2000). The aggregation procedure  
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will have the firms assigned to one of five portfolios based upon their size and then 

within each portfolio the firms will be subdivided into five more portfolios based upon 

their gammas. The fourth model will use a combination of the three-factor and three- 

moment models. The SMB size factor and the HML book-to-market factor from the 

Fama and French model and the co-skewness factor for the Harvey and Siddique model 

will be combination for a four factor model. This will examine the importance of beta, 

size, book-to-market, and co-skewness in describing IPOs.  

rit – rft  = (rmt – rft  )βi + b2SKDi + sSMBi + hHMLi +εt    (3.26)  

where 

rit  = (R i t  - R F t)  

rft  = the 30-day treasury bill rate 

βi  = the estimate of beta on the ith asset 

SKDi  = the estimate of co-skewwness on the ith  asset 

 
Beta 

(5 portfolios) 
        Smallest        Largest 

Smallest     smallest beta and                           largest beta and   
                   smallest gamma               smallest gamma 

          
 
 
 
 
        Gamma 
  (5 portfolios) 
 
 
 
 
         smallest beta and                         largest beta and   

   Largest    largest gamma               largest gamma 
 

Figure 3.5. Portfolio Formation by Beta and then Gamma 
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Firm Size 
(5 portfolios) 

        Smallest        Largest 
                Smallest  smallest size and                largest size and   

                   smallest  gamma               largest gamma 
          

 
 
 
 
        Gamma 
  (5 portfolios) 
 
 
 
 
         smallest size and                         largest size and   

     Largest  smallest  gamma               largest gamma  
 
Figure 3.6. Portfolio Formation by Size and then Gamma 
 
 
 SMB (t) = the size risk factor 

 HML (t) = the book to market equity risk factor 

ε(t)  = the disturbance term 

 In Chapter IV, the results from both the cross-sectional and time series 

regressions will be presented. The findings for each of the three hypotheses will be 

presented and discussed. 
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CHAPTER IV 

EMPIRICAL RESULTS  

 

4.1 Introduction 

 Following the methodology development of tests for the three hypotheses 

presented in Chapter III, this chapter contains the results of the descriptive statistics and 

empirical tests used to support the hypotheses. A section for each hypothesis will be 

included here. The first section reports the evidence used to examine the event time and 

cross-sectional distribution of IPO returns. The second section focuses on the 

comparisons of the IPO distribution and the corresponding market distributions. The third 

section presents the asset pricing models.  

4.2 IPO Return Distributions 

 IPO return distributions are further divided into two sub-sections. The first sub-

section presents the event time series IPO distribution results. The second sub-section 

reports the cross-sectional calendar time IPO distribution results. The importance of 

skewness in both the event time series and calendar time cross-sectional distribution of 

IPO returns will be the focus of these results. 

4.2.1 IPO Event Time Cross-Sectional Distributions  

 Event time series distribution for IPOs refers to the matching of all IPOs first 

month publicly available returns on CRSP regardless of the actual calendar time the IPO 

went public. Month one is the first publicly traded month for an IPO which could be any 

month from April 1980 to December 1999. Event time series ranged from the first month 

public to the 240th month if available. For month one, the number of days included in the 
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computation of that month’s return will be different depending on when the IPO went 

public during its offering month. Table 4.1 reports the descriptive statistics for the event 

time monthly series distribution of IPO returns.  

 In Table 4.1, the statistical significance of relative skewness is calculated for each 

event time month up to the 240th month. In the first ten years, all event time distributions 

are significantly positively skewed. In the first 15 years, only one month is not 

significantly positive skewed at the five percent level, but by the 20th year, this becomes 

20 months. This evidence clearly demonstrated that IPOs event time return distributions 

are significantly positively skewed at the 5% level supporting Hypothesis I. In event time 

the monthly relative skewness for event monthly is positively skewed. 

                  Table 4.2 contains a reexamination of the event time series IPO monthly 

return distributions by the calendar year the IPO went public. This creates 2,964 

individual monthly descriptive statistics. Only the number of months that are statistically 

significantly positively skewed is reported in this table. The percent of positively skewed 

months is considerably different for the different calendar years. Of the 2,964 individual 

event time months, 1961 individual months are significantly positively skewed. Overall, 

the results support the significance of positive skewness in monthly event time series 

returns. Thus, over two thirds of individual calendar months are significantly positively 

skewed at the 5% level supporting Hypothesis I.  

 Table 4.3 contains the event time cumulative yearly returns for IPOs. In previous 

literature, the poor performance of cumulative IPO returns has been reported extensively 

when compared to a market return. Gompers and Lerner (2003), Ritter and Welch (2002), 

Brav (2000) and many other studies have reported the anomaly of IPOs’ cumulative 
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returns being below the average return for a matched market for typically the three to five 

year time horizons.  In this table, the length of event time has been extended from the five 

year horizon usually used in the literature to twenty years. 

For the cumulative event time yearly returns up to twenty years, the z-score for skewness 

ranges from 12.835 to 308.821. This shows that the event time cumulative return 

distributions are significantly positively skewed, supporting Hypothesis I. The relative 

skewness ranges from 3.831 to 19.486 where a normal distribution has zero for skewness. 

With such extreme values for skewness, there is no doubt that the cumulative event time  

Table 4.1. Monthly Event Time Descriptive Statistics 
 
This table shows the descriptive statistics for each individual event time monthly return 
beginning in the month of the public offering and extending through the 240th month after 
the offering. That is, each return distribution statistic shown in this table is measured 
across IPO firms in that month (t=1, …, 240). In the 1st month, the length of days will be 
different depending on when the IPO went public during the month. The other event time 
months will be one month in length. The overall sample is comprised of 2,537 initial 
public offerings in 1980-1999 meeting the following criteria: (1) identified as an initial 
public offering by TFSD, (2) the IPO has at least the first 36 months returns on CRSP, (3) 
the IPO has at least the first three years of balance sheet information on RI, (4) the 
company is listed on CRSP within 30days of the offer date, and (5) ADRs, banks, other 
depository institutions, and funds are eliminated from the sample. 

 
Month 1 2 3 4 5 6 7

Mean 4.04% 2.09% 1.68% 1.30% 0.71% 0.73% 1.19%
Median 0.91% 0.00% 0.00% 0.00% -0.77% -0.86% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 203.87% 137.74% 304.55% 117.31% 142.11% 190.00% 117.76%
Minimum -60.00% -68.75% -65.22% -69.37% -75.60% -70.95% -56.11%
Count 2537 2537 2537 2537 2537 2537 2537
Standard Deviation 20.82% 18.53% 20.70% 20.05% 19.11% 19.08% 18.59%
Kurtosis 11.071 5.300 28.357 4.689 5.595 6.344 3.541
Raw skewness 0.018 0.007 0.024 0.009 0.008 0.008 0.006
Relative Skewness 1.969 1.148 2.688 1.158 1.105 1.158 0.986
Z-Score 40.489 23.600 55.267 23.808 22.725 23.811 20.267
P-Value 0 0 0 0 0 0 0
Percent above Mean 41.19% 44.54% 44.66% 44.15% 45.29% 44.62% 44.30%
Number above Mean 1045 1130 1133 1120 1149 1132 1124



 102

Table 4.1. Continued.        
Month 8 9 10 11 12 13 14

Mean 1.30% 0.30% 0.12% 0.78% -0.57% 0.25% 1.16%
Median 0.00% -1.14% -1.12% 0.00% -1.32% -1.11% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 223.81% 169.23% 180.00% 141.54% 233.33% 190.63% 190.48%
Minimum -73.86% -68.83% -65.36% -64.94% -82.43% -75.46% -74.78%
Count 2537 2537 2537 2537 2537 2537 2537
Standard Deviation 18.95% 18.70% 18.95% 18.93% 18.74% 19.57% 19.42%
Kurtosis 10.101 7.091 7.705 5.659 12.700 9.403 8.461
Raw skewness 0.009 0.008 0.008 0.008 0.008 0.011 0.010
Relative Skewness 1.351 1.183 1.203 1.212 1.214 1.408 1.366
Z-Score 27.772 24.321 24.728 24.919 24.969 28.952 28.081
P-Value 0 0 0 0 0 0 0
Percent above Mean 45.41% 44.15% 45.05% 44.42% 48.05% 44.54% 45.25%
Number above Mean 1152 1120 1143 1127 1219 1130 1148
        
        

Month 15 16 17 18 19 20 21
Mean 0.54% 0.06% 2.00% 2.06% 1.48% 1.14% 1.57%
Median 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 144.44% 206.67% 257.58% 140.00% 300.00% 233.33% 200.00%
Minimum -72.77% -69.44% -72.73% -81.88% -81.51% -67.39% -74.04%
Count 2537 2537 2537 2537 2537 2537 2537
Standard Deviation 19.29% 19.63% 20.64% 19.35% 20.61% 20.06% 20.59%
Kurtosis 4.510 8.718 17.454 5.033 32.825 17.684 13.077
Raw skewness 0.007 0.009 0.018 0.007 0.026 0.017 0.017
Relative Skewness 0.914 1.216 2.058 1.025 2.945 2.081 1.914
Z-Score 18.796 25.009 42.317 21.079 60.563 42.783 39.351
P-Value 0 0 0 0 0 0 0
Percent above Mean 45.84% 45.33% 43.87% 44.26% 46.16% 45.21% 44.26%
Number above Mean 1163 1150 1113 1123 1171 1147 1123
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Table 4.1. Continued.
Month 22 23 24 25 26 27 28

Mean 1.03% 1.31% 0.56% 0.88% 0.79% 1.68% 1.39%
Median 0.00% 0.00% -0.46% 0.00% 0.00% 0.00% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 340% 226% 345% 229% 223% 240% 320%
Minimum -79% -75% -63% -72% -61% -77% -71%
Count 2537 2537 2537 2537 2537 2537 2537
Standard Deviation 20.9% 20.7% 20.7% 20.3% 19.2% 21.4% 22.4%
Kurtosis 39.19 11.26 38.95 13.80 14.02 14.90 34.27
Raw skewness 0.030 0.016 0.029 0.016 0.013 0.021 0.038
Relative Skewness 3.27 1.80 3.27 1.91 1.77 2.12 3.35
Z-Score 67.21 37.08 67.34 39.20 36.35 43.54 68.98
P-Value 0 0 0 0 0 0 0
Percent above Mean 45.6% 45.1% 45.0% 44.7% 45.1% 43.0% 43.8%
Number above Mean 1156 1143 1142 1135 1143 1092 1112

Month 29 30 31 32 33 34 35
Mean 1.03% 1.31% 0.73% 0.74% 0.97% 1.05% 1.40%
Median 0.00% 0.00% 0.00% -0.73% -0.32% 0.00% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 244.7% 307.7% 237.7% 286.1% 336.4% 216.7% 259.2%
Minimum -74.3% -77.3% -75.2% -73.7% -71.4% -84.8% -75.3%
Count 2537 2537 2537 2537 2537 2537 2537
Standard Deviation 21.17% 22.10% 21.12% 20.87% 24.12% 19.65% 22.70%
Kurtosis 18.257 27.247 13.542 21.747 40.278 9.833 20.720
Raw skewness 0.021 0.032 0.018 0.022 0.057 0.010 0.030
Relative Skewness 2.237 2.929 1.859 2.448 4.036 1.384 2.551
Z-Score 45.992 60.226 38.221 50.348 82.984 28.449 52.466
P-Value 0 0 0 0 0 0 0
Percent above Mean 45.1% 43.8% 45.1% 43.8% 44.5% 44.7% 45.2%
Number above Mean 1143 1112 1143 1112 1129 1133 1147
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Table 4.1. Continued.
Month 36 37 38 39 40 41 42

Mean 0.54% 1.17% 0.76% 0.85% 1.07% 1.38% 2.39%
Median -0.57% 0.00% -0.22% 0.00% 0.00% 0.00% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 233.33% 326.32% 335.71% 208.47% 429.41% 168.75% 348.00%
Minimum -90.00% -87.50% -76.79% -82.96% -70.94% -76.25% -90.70%
Count 2537 2514 2479 2444 2429 2404 2366
Standard Deviation 21.90% 22.78% 21.65% 21.26% 24.24% 21.83% 23.91%
Kurtosis 15.740 26.158 26.742 11.549 54.661 6.363 26.665
Raw skewness 0.023 0.032 0.025 0.018 0.059 0.013 0.039
Relative Skewness 2.176 2.724 2.442 1.880 4.136 1.242 2.822
Z-Score 44.755 55.764 49.638 37.952 83.214 24.856 56.041
P-Value 0 0 0 0 0 0 0
Percent above Mean 44.03% 44.19% 44.41% 44.19% 43.47% 44.76% 42.81%
Number above Mean 1117 1111 1101 1080 1056 1076 1013

Month 43 44 45 46 47 48 49
Mean 2.46% 1.91% 0.43% 1.14% 1.11% 0.71% 2.26%
Median 0.00% 0.00% -0.29% 0.00% 0.00% -0.84% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 230.36% 287.50% 268.00% 378.57% 209.43% 361.54% 500.00%
Minimum -73.22% -83.33% -83.33% -80.00% -84.00% -75.00% -78.83%
Count 2334 2306 2282 2252 2222 2190 2158
Standard Deviation 21.51% 21.51% 21.35% 22.51% 20.80% 23.87% 26.19%
Kurtosis 11.071 20.362 15.848 40.493 9.291 38.638 91.033
Raw skewness 0.019 0.023 0.019 0.038 0.013 0.051 0.109
Relative Skewness 1.921 2.358 1.938 3.295 1.474 3.749 6.055
Z-Score 37.897 46.231 37.799 63.838 28.372 71.632 114.839
P-Value 0 0 0 0 0 0 0
Percent above Mean 42.63% 43.50% 44.22% 44.27% 45.63% 43.38% 41.52%
Number above Mean 995 1003 1009 997 1014 950 896
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Table 4.1. Continued.
Month 50 51 52 53 54 55 56

Mean 1.48% 0.62% 1.55% 0.86% 1.25% 1.35% 1.02%
Median 0.00% 0.00% 0.00% -0.07% 0.00% 0.00% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 266.67% 211.11% 347.50% 292.31% 333.90% 175.00% 140.00%
Minimum -84.78% -67.05% -82.61% -80.46% -86.36% -80.00% -71.43%
Count 2138 2114 2089 2065 2024 1987 1950
Standard Deviation 23.42% 22.81% 23.19% 22.90% 22.72% 20.39% 20.58%
Kurtosis 18.230 11.657 41.329 21.604 29.369 6.445 5.133
Raw skewness 0.032 0.023 0.047 0.030 0.034 0.010 0.010
Relative Skewness 2.522 1.940 3.739 2.515 2.928 1.194 1.110
Z-Score 47.601 36.418 69.774 46.666 53.783 21.725 20.006
P-Value 0 0 0 0 0 0 0
Percent above Mean 43.83% 44.70% 42.56% 43.10% 44.61% 45.60% 43.18%
Number above Mean 937 945 889 890 903 906 842

Month 57 58 59 60 61 62 63
Mean 0.54% 1.02% 2.05% 0.35% 0.93% 1.24% -0.20%
Median -0.43% 0.00% 0.00% 0.00% 0.00% 0.00% -0.68%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 200.00% 495.45% 950.00% 189.47% 227.27% 176.92% 193.62%
Minimum -90.18% -72.73% -76.67% -81.74% -81.25% -78.26% -69.75%
Count 1921 1895 1864 1843 1810 1777 1742
Standard Deviation 21.65% 24.57% 33.64% 20.91% 21.40% 20.27% 20.47%
Kurtosis 11.059 103.999 363.657 11.507 17.646 9.197 12.020
Raw skewness 0.017 0.093 0.550 0.017 0.021 0.013 0.015
Relative Skewness 1.694 6.294 14.439 1.845 2.102 1.582 1.728
Z-Score 30.304 111.854 254.504 32.331 36.514 27.223 29.450
P-Value 0 0 0 0 0 0 0
Percent above Mean 43.99% 42.80% 41.04% 44.98% 45.58% 44.46% 48.85%
Number above Mean 845 811 765 829 825 790 851
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Table 4.1. Continued.
Month 64 65 66 67 68 69 70

Mean 0.96% 1.19% 2.07% 1.60% 1.84% 1.62% 1.12%
Median 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 650.00% 445.45% 500.00% 166.67% 257.38% 247.37% 241.67%
Minimum -80.00% -87.50% -64.55% -79.17% -72.96% -75.38% -72.88%
Count 1715 1689 1655 1626 1593 1574 1557
Standard Deviation 25.92% 23.37% 24.96% 20.82% 20.27% 20.66% 20.78%
Kurtosis 233.021 83.885 104.573 9.777 18.570 24.902 17.355
Raw skewness 0.174 0.067 0.097 0.014 0.018 0.024 0.019
Relative Skewness 9.967 5.248 6.256 1.528 2.106 2.768 2.095
Z-Score 168.512 88.047 103.897 25.154 34.318 44.840 33.745
P-Value 0 0 0 0 0 0 0
Percent above Mean 43.91% 43.75% 41.75% 43.11% 44.32% 45.30% 44.64%
Number above Mean 753 739 691 701 706 713 695

Month 71 72 73 74 75 76 77
Mean 0.76% 0.86% 1.22% 0.22% 0.86% 1.10% 1.28%
Median -0.98% -0.67% 0.00% 0.00% 0.00% 0.00% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 423.81% 937.36% 183.33% 178.74% 225.00% 261.54% 300.00%
Minimum -56.16% -83.33% -87.50% -73.40% -62.68% -73.33% -91.67%
Count 1534 1507 1479 1447 1413 1390 1364
Standard Deviation 22.01% 32.58% 19.21% 20.70% 21.20% 22.58% 24.04%
Kurtosis 91.283 459.826 9.176 11.711 15.359 20.532 27.625
Raw skewness 0.059 0.577 0.010 0.015 0.020 0.029 0.044
Relative Skewness 5.511 16.701 1.357 1.697 2.112 2.478 3.160
Z-Score 88.120 264.676 21.300 26.351 32.409 37.721 47.644
P-Value 0 0 0 0 0 0 0
Percent above Mean 43.22% 42.60% 45.50% 45.13% 43.10% 43.45% 44.79%
Number above Mean 663 642 673 653 609 604 611
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Table 4.1. Continued.
Month 78 79 80 81 82 83 84

Mean 1.99% 0.09% 1.13% 0.87% 1.64% 2.12% 1.11%
Median 0.00% -1.52% 0.00% 0.00% 0.00% 0.00% -0.92%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 500.00% 455.88% 213.83% 93.75% 900.00% 1034.0% 470.00%
Minimum -62.50% -62.50% -83.33% -85.29% -70.00% -73.59% -73.68%
Count 1343 1311 1290 1263 1239 1208 1194
Standard Deviation 28.35% 24.77% 22.54% 18.62% 33.13% 36.17% 25.53%
Kurtosis 97.163 93.787 19.195 3.104 438.372 551.550 98.393
Raw skewness 0.156 0.093 0.029 0.004 0.604 0.929 0.102
Relative Skewness 6.841 6.103 2.555 0.654 16.615 19.633 6.105
Z-Score 102.347 90.218 37.468 9.489 238.760 278.572 86.115
P-Value 0 0 0 0 0 0 0
Percent above Mean 44.01% 42.18% 43.64% 45.29% 42.37% 41.23% 41.79%
Number above Mean 591 553 563 572 525 498 499

Month 85 86 87 88 89 90 91
Mean 1.38% 2.39% 2.52% 1.53% 2.44% 2.20% 3.00%
Median -0.51% 0.00% 0.00% 0.00% 0.28% 0.00% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 229.03% 340.00% 453.17% 126.92% 185.00% 173.17% 164.59%
Minimum -62.50% -78.13% -68.45% -67.35% -54.17% -61.84% -65.52%
Count 1169 1141 1122 1113 1098 1086 1069
Standard Deviation 22.31% 25.02% 25.96% 20.45% 20.22% 20.86% 21.09%
Kurtosis 16.903 43.772 99.174 5.509 12.105 14.526 7.877
Raw skewness 0.029 0.068 0.119 0.011 0.017 0.022 0.016
Relative Skewness 2.594 4.358 6.817 1.284 2.009 2.383 1.666
Z-Score 36.209 60.092 93.223 17.487 27.174 32.054 22.238
P-Value 0 0 0 0 0 0 0
Percent above Mean 41.06% 42.59% 43.49% 44.03% 44.08% 43.65% 42.47%
Number above Mean 480 486 488 490 484 474 454
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Table 4.1. Continued.
Month 92 93 94 95 96 97 98

Mean 1.97% 1.31% 2.44% 1.96% 1.83% 1.36% 1.30%
Median 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 180.56% 181.25% 256.25% 244.44% 131.71% 206.51% 150.00%
Minimum -60.00% -53.35% -66.67% -62.97% -53.89% -67.65% -75.00%
Count 1054 1043 1029 1018 1011 993 981
Standard Deviation 19.26% 19.69% 20.91% 20.38% 19.52% 19.86% 18.53%
Kurtosis 13.722 16.045 27.740 21.881 7.193 17.194 10.880
Raw skewness 0.016 0.017 0.026 0.021 0.013 0.016 0.009
Relative Skewness 2.240 2.255 2.896 2.538 1.710 2.094 1.489
Z-Score 29.683 29.737 37.931 33.059 22.193 26.934 19.036
P-Value 0 0 0 0 0 0 0
Percent above Mean 40.13% 44.77% 44.41% 40.37% 41.35% 44.81% 47.20%
Number above Mean 423 467 457 411 418 445 463

Month 99 100 101 102 103 104 105
Mean 2.01% 0.19% 2.07% 1.85% 2.50% 1.33% 1.65%
Median 0.00% 0.00% 0.35% 0.00% 0.00% -0.66% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 234.44% 144.44% 275.00% 227.47% 189.35% 238.21% 184.85%
Minimum -63.53% -77.78% -62.50% -82.00% -76.27% -72.13% -69.08%
Count 961 950 938 929 912 895 870
Standard Deviation 20.16% 17.88% 20.38% 21.22% 20.73% 22.75% 20.31%
Kurtosis 22.170 6.185 38.137 22.211 13.632 30.729 10.167
Raw skewness 0.020 0.006 0.029 0.027 0.019 0.043 0.014
Relative Skewness 2.474 0.990 3.438 2.791 2.156 3.692 1.678
Z-Score 31.315 12.460 42.982 34.732 26.576 45.091 20.201
P-Value 0 0 0 0 0 0 0
Percent above Mean 44.85% 46.21% 45.74% 43.38% 42.43% 41.90% 44.25%
Number above Mean 431 439 429 403 387 375 385
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Table4.1. Continued        
Month 106 107 108 109 110 111 112

Mean 1.36% 1.13% 0.89% 0.38% 0.78% 1.51% 1.01%
Median 0.00% 0.00% 0.00% -0.78% 0.00% 0.00% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 262.10% 133.33% 417.65% 114.29% 100.00% 154.76% 144.80%
Minimum -58.00% -67.21% -84.84% -66.89% -62.08% -60.00% -60.00%
Count 856 841 831 812 789 769 756
Standard Deviation 21.34% 18.95% 24.34% 18.09% 16.66% 19.39% 17.81%
Kurtosis 30.086 7.641 113.246 5.397 5.240 11.346 9.708
Raw skewness 0.031 0.010 0.105 0.007 0.005 0.016 0.008
Relative Skewness 3.175 1.430 7.279 1.185 1.040 2.143 1.476
Z-Score 37.920 16.930 85.660 13.791 11.926 24.265 16.563
P-Value 0 0 0 0 0 0 0
Percent above Mean 42.29% 44.83% 43.32% 43.35% 47.15% 44.34% 47.22%
Number above 
Mean 362 377 360 352 372 341 357
        
        

Month 113 114 115 116 117 118 119
Mean 1.40% 1.23% 2.31% 1.35% 1.95% 2.91% 2.67%
Median 0.00% 0.00% 0.00% 0.00% 0.00% 0.92% 0.95%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 165.46% 122.73% 176.77% 215.79% 266.67% 117.14% 160.87%
Minimum -42.50% -57.85% -46.15% -92.46% -46.92% -57.45% -45.45%
Count 741 726 709 699 689 672 656
Standard Deviation 18.93% 16.97% 18.88% 19.40% 19.84% 17.21% 18.63%
Kurtosis 12.128 6.665 12.760 23.618 49.662 5.530 9.834
Raw skewness 0.014 0.005 0.014 0.017 0.035 0.005 0.010
Relative Skewness 2.053 1.022 2.062 2.378 4.479 1.005 1.614
Z-Score 22.820 11.239 22.414 25.668 47.998 10.631 16.872
P-Value 0 0 0 0 0 0 0
Percent above Mean 42.51% 46.97% 42.31% 44.64% 44.85% 43.90% 42.99%
Number above 
Mean 315 341 300 312 309 295 282
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Table 4.1.Continued 
Month 120 121 122 123 124 125 126

Mean 2.40% 1.15% 1.08% 0.21% 0.22% 1.56% 1.88%
Median 0.43% 0.00% 0.42% 0.00% -0.21% 0.00% 0.66%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 100.00% 64.29% 58.33% 116.67% 111.76% 111.11% 132.86%
Minimum -50.60% -54.62% -56.12% -61.29% -61.28% -66.67% -55.56%
Count 650 636 627 613 607 596 589
Standard Deviation 17.37% 15.61% 15.39% 16.62% 17.91% 18.35% 18.54%
Kurtosis 4.006 1.912 1.533 5.773 4.435 6.138 8.350
Raw skewness 0.005 0.002 0.001 0.004 0.006 0.008 0.009
Relative Skewness 0.944 0.492 0.244 0.976 0.964 1.255 1.446
Z-Score 9.827 5.068 2.492 9.868 9.694 12.505 14.331
P-Value 0 4E-07 0.0127 0 0 0 0
Percent above Mean 44.92% 43.71% 48.33% 46.17% 45.14% 45.47% 43.46%
Number above 
Mean 292 278 303 283 274 271 256
        
        

Month 127 128 129 130 131 132 133
Mean 0.39% 1.42% 0.89% 1.64% 0.83% 0.17% 2.16%
Median 0.00% 0.00% 0.00% 0.41% 0.00% -0.79% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 66.67% 175.00% 111.71% 158.82% 156.58% 118.18% 83.33%
Minimum -70.83% -78.23% -71.43% -56.82% -64.95% -71.52% -62.18%
Count 577 561 547 534 525 514 504
Standard Deviation 15.52% 18.24% 17.13% 18.31% 18.42% 18.47% 18.11%
Kurtosis 2.998 16.704 7.519 21.460 13.568 6.838 3.060
Raw skewness 0.002 0.010 0.006 0.017 0.013 0.008 0.004
Relative Skewness 0.500 1.625 1.241 2.835 2.102 1.248 0.730
Z-Score 4.905 15.717 11.853 26.745 19.658 11.555 6.695
P-Value 9.4E-07 0 0 0 0 0 2.2E-11
Percent above Mean 46.62% 45.45% 43.88% 46.25% 44.57% 43.77% 41.87%
Number above 
Mean 269 255 240 247 234 225 211
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Table 4.1. Continued.
Month 134 135 136 137 138 139 140

Mean 0.79% 0.65% 0.14% 1.54% 1.43% 2.58% 1.82%
Median 0.00% 0.00% 0.00% 0.00% 0.00% -1.21% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 90.91% 106.36% 54.68% 164.71% 125.00% 455.74% 150.00%
Minimum -58.33% -50.29% -50.00% -57.14% -58.33% -51.69% -46.82%
Count 489 479 473 461 452 438 428
Standard Deviation 17.22% 16.60% 14.82% 17.58% 18.39% 31.04% 18.98%
Kurtosis 4.674 5.331 1.610 18.282 10.276 116.012 13.382
Raw skewness 0.005 0.005 0.000 0.012 0.010 0.264 0.016
Relative Skewness 0.975 1.086 0.145 2.146 1.617 8.837 2.330
Z-Score 8.805 9.700 1.288 18.812 14.032 75.505 19.680
P-Value 0 0 0.1977 0 0 0 0
Percent above Mean 44.58% 42.80% 47.57% 41.87% 44.03% 38.81% 41.59%
Number above Mean 218 205 225 193 199 170 178

Month 141 142 143 144 145 146 147
Mean 1.13% 1.37% 1.38% 1.57% 3.02% 0.39% 2.65%
Median 0.00% 0.00% 0.00% 0.40% 0.00% 0.00% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 93.88% 100.00% 266.67% 157.14% 250.00% 85.00% 100.00%
Minimum -47.62% -76.92% -59.46% -80.00% -47.44% -59.38% -51.19%
Count 416 414 407 407 400 396 391
Standard Deviation 16.26% 18.38% 22.11% 17.64% 24.73% 16.06% 17.50%
Kurtosis 3.138 5.849 54.394 19.037 30.633 3.685 5.511
Raw skewness 0.004 0.007 0.055 0.012 0.058 0.002 0.007
Relative Skewness 0.879 1.091 5.100 2.123 3.836 0.543 1.388
Z-Score 7.321 9.060 42.005 17.484 31.317 4.410 11.202
P-Value 2.5E-13 0 0 0 0 1E-05 0
Percent above Mean 45.19% 44.69% 44.72% 46.68% 41.50% 46.46% 43.22%
Number above Mean 188 185 182 190 166 184 169
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Table 4.1. Continued.
Month 148 149 150 151 152 153 154

Mean 2.59% 2.51% 1.70% 3.02% 1.58% 2.51% 3.10%
Median 0.00% 0.00% 0.00% 0.87% 0.00% 0.00% 0.68%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 80.77% 203.16% 122.22% 84.00% 129.27% 150.00% 109.15%
Minimum -59.00% -45.45% -47.73% -66.90% -75.00% -39.38% -45.82%
Count 384 376 372 368 362 354 346
Standard Deviation 18.36% 21.43% 17.34% 17.96% 19.53% 20.49% 20.54%
Kurtosis 2.631 29.478 6.976 2.626 10.121 13.722 6.102
Raw skewness 0.006 0.037 0.007 0.004 0.013 0.023 0.014
Relative Skewness 0.913 3.710 1.399 0.634 1.765 2.707 1.631
Z-Score 7.307 29.366 11.019 4.967 13.711 20.795 12.385
P-Value 2.7E-13 0 0 6.8E-07 0 0 0
Percent above Mean 44.01% 40.69% 44.89% 42.66% 44.75% 40.68% 43.06%
Number above Mean 169 153 167 157 162 144 149

Month 155 156 157 158 159 160 161
Mean -0.32% 1.00% 1.19% 0.65% 0.74% 2.37% 2.56%
Median -1.46% -0.87% 0.95% -0.74% 0.00% 0.00% 0.22%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 98.96% 133.33% 176.88% 78.30% 67.44% 140.00% 84.75%
Minimum -50.68% -50.30% -41.35% -61.41% -55.03% -48.08% -54.69%
Count 344 343 339 331 326 321 319
Standard Deviation 17.85% 20.41% 19.32% 17.13% 17.74% 19.64% 17.03%
Kurtosis 5.705 11.603 21.549 4.257 2.130 11.608 3.303
Raw skewness 0.007 0.019 0.020 0.005 0.004 0.017 0.004
Relative Skewness 1.238 2.267 2.773 1.034 0.675 2.306 0.765
Z-Score 9.375 17.138 20.844 7.683 4.978 16.868 5.575
P-Value 0 0 0 1.6E-14 6.4E-07 0 2.5E-08
Percent above Mean 45.06% 41.69% 48.38% 42.30% 45.71% 42.06% 45.77%
Number above Mean 155 143 164 140 149 135 146
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Table 4.1. Continued.
Month 162 163 164 165 166 167 168

Mean 1.82% 3.05% 5.74% 2.02% -0.06% 1.45% 0.88%
Median 0.80% 0.00% 1.25% 0.40% 0.28% 0.34% -0.44%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 152.83% 93.33% 260.13% 115.71% 191.67% 159.68% 151.16%
Minimum -69.23% -51.37% -36.59% -67.57% -70.83% -47.92% -60.06%
Count 316 309 308 306 304 297 294
Standard Deviation 18.94% 19.42% 26.54% 19.09% 19.29% 20.00% 18.70%
Kurtosis 16.353 5.147 31.905 7.277 32.963 24.389 14.402
Raw skewness 0.015 0.011 0.081 0.008 0.024 0.026 0.013
Relative Skewness 2.172 1.519 4.324 1.211 3.306 3.204 1.968
Z-Score 15.762 10.904 30.979 8.649 23.532 22.541 13.776
P-Value 0 0 0 0 0 0 0
Percent above Mean 45.57% 42.39% 37.01% 45.10% 52.63% 46.13% 44.56%
Number above Mean 144 131 114 138 160 137 131

Month 169 170 171 172 173 174 175
Mean 1.91% -1.39% -0.21% 1.50% 2.75% 1.11% 3.56%
Median 1.10% -0.45% -0.87% -0.57% 0.00% 0.00% 1.34%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 160.00% 97.96% 84.21% 131.87% 116.22% 140.00% 125.33%
Minimum -69.23% -63.64% -50.00% -41.86% -54.29% -51.66% -45.74%
Count 292 287 279 276 273 270 262
Standard Deviation 19.51% 17.30% 15.52% 18.30% 20.19% 21.30% 19.55%
Kurtosis 14.974 4.978 3.288 10.906 7.905 12.896 6.053
Raw skewness 0.013 0.004 0.002 0.012 0.014 0.023 0.010
Relative Skewness 1.688 0.722 0.435 2.038 1.746 2.365 1.318
Z-Score 11.776 4.994 2.968 13.823 11.780 15.865 8.712
P-Value 0 5.9E-07 0.0030 0 0 0 0
Percent above Mean 47.60% 51.92% 47.31% 42.03% 43.59% 46.67% 43.13%
Number above Mean 139 149 132 116 119 126 113
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Table 4.1. Continued.
Month 176 177 178 179 180 181 182

Mean 1.28% -0.34% 0.97% 1.42% -0.39% 2.10% 0.02%
Median 0.00% -0.89% -0.42% 0.00% -1.46% 0.00% -2.86%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 125.95% 140.00% 100.00% 102.08% 278.26% 158.62% 117.86%
Minimum -54.84% -70.97% -61.11% -75.00% -57.61% -59.79% -69.67%
Count 256 254 253 250 248 244 241
Standard Deviation 20.09% 19.80% 17.74% 19.69% 26.23% 23.94% 21.69%
Kurtosis 9.582 11.132 4.587 6.113 52.567 9.824 6.972
Raw skewness 0.015 0.012 0.005 0.010 0.096 0.027 0.017
Relative Skewness 1.821 1.535 0.844 1.285 5.320 1.940 1.638
Z-Score 11.895 9.987 5.480 8.295 34.200 12.369 10.379
P-Value 0 0 4.3E-08 0 0 0 0
Percent above Mean 47.27% 48.03% 44.66% 42.00% 45.97% 42.62% 41.08%
Number above Mean 121 122 113 105 114 104 99

Month 183 184 185 186 187 188 189
Mean 0.49% 0.75% 2.04% 2.30% 0.92% 2.52% 1.79%
Median 0.00% -1.61% 0.56% 2.52% 0.00% 0.00% -0.15%
Mode 0.00% -12.50% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 95.10% 98.78% 75.61% 81.82% 77.50% 80.00% 90.63%
Minimum -51.39% -65.47% -70.02% -58.33% -51.25% -62.35% -50.68%
Count 238 235 231 227 223 215 211
Standard Deviation 18.81% 19.70% 20.48% 18.27% 19.29% 19.45% 18.96%
Kurtosis 2.822 4.418 2.175 2.601 2.234 2.542 3.949
Raw skewness 0.005 0.008 0.004 0.002 0.005 0.007 0.009
Relative Skewness 0.815 1.057 0.469 0.260 0.634 0.885 1.295
Z-Score 5.136 6.616 2.907 1.598 3.862 5.301 7.680
P-Value 2.8E-07 3.7E-11 0.0036 0.11 0.0001 1.2E-07 1.6E-14
Percent above Mean 46.22% 42.98% 45.89% 50.22% 45.29% 44.65% 44.55%
Number above Mean 110 101 106 114 101 96 94
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Table 4.1. Continued.
Month 190 191 192 193 194 195 196

Mean 2.25% 0.13% 0.45% 1.51% 1.86% 0.20% 1.96%
Median 1.14% 0.00% 0.00% 0.31% 0.31% -0.27% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 97.00% 93.10% 85.00% 90.24% 66.48% 100.00% 86.84%
Minimum -56.76% -57.29% -49.93% -47.06% -45.63% -51.34% -47.15%
Count 211 207 202 192 185 180 176
Standard Deviation 20.51% 18.99% 18.82% 18.32% 17.78% 19.90% 18.78%
Kurtosis 3.692 3.571 4.096 4.210 1.026 3.678 2.510
Raw skewness 0.008 0.004 0.007 0.008 0.003 0.008 0.006
Relative Skewness 0.879 0.618 1.053 1.275 0.463 1.055 0.868
Z-Score 5.212 3.633 6.111 7.213 2.571 5.778 4.699
P-Value 1.9E-07 0.0003 1E-09 5.5E-13 0.0101 7.6E-09 2.6E-06
Percent above Mean 45.02% 48.31% 45.54% 46.35% 44.86% 47.78% 43.18%
Number above Mean 95 100 92 89 83 86 76

Month 197 198 199 200 201 202 203
Mean 4.92% 4.98% 1.68% 2.48% 1.56% 2.03% 1.57%
Median 1.55% 1.52% 0.00% -2.35% 0.00% 0.00% 0.56%
Mode 0.00% 6.38% 0.00% -5.88% 0.00% 0.00% 0.00%
Maximum 268.00% 176.24% 60.98% 289.47% 65.63% 300.00% 91.06%
Minimum -39.09% -41.96% -40.16% -37.78% -70.95% -46.15% -76.32%
Count 170 165 155 151 148 140 137
Standard Deviation 26.77% 25.58% 17.24% 29.32% 21.36% 32.88% 22.58%
Kurtosis 55.173 15.407 1.153 61.837 1.661 49.242 3.520
Raw skewness 0.114 0.051 0.003 0.167 0.002 0.203 0.008
Relative Skewness 5.918 3.017 0.604 6.644 0.243 5.720 0.670
Z-Score 31.499 15.820 3.069 33.329 1.207 27.631 3.200
P-Value 0 0 0.0021 0 0.228 0 0.0014
Percent above Mean 42.35% 43.03% 45.16% 37.75% 46.62% 44.29% 44.53%
Number above Mean 72 71 70 57 69 62 61
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Table 4.1. Continued.
Month 204 205 206 207 208 209 210

Mean -2.20% 1.86% 0.43% -1.59% 5.39% -1.42% 2.13%
Median -2.29% 0.00% -2.08% -2.08% 0.99% -2.71% 0.23%
Mode -6.25% 0.00% #N/A -42.86% 0.00% 0.00% 0.00%
Maximum 51.77% 57.35% 164.29% 132.50% 130.77% 62.19% 100.00%
Minimum -56.60% -56.25% -56.62% -70.73% -49.17% -45.51% -50.50%
Count 136 133 133 129 125 120 118
Standard Deviation 18.08% 20.31% 24.81% 23.01% 25.41% 20.18% 26.13%
Kurtosis 1.358 0.864 13.778 8.640 5.850 0.899 3.452
Raw skewness 0.000 0.003 0.032 0.016 0.029 0.006 0.025
Relative Skewness 0.075 0.338 2.082 1.335 1.759 0.721 1.384
Z-Score 0.358 1.593 9.802 6.188 8.027 3.223 6.140
P-Value 0.7203 0.1111 0 6.1E-10 1.1E-15 0.0013 8.3E-10
Percent above Mean 50.00% 43.61% 44.36% 48.84% 37.60% 47.50% 42.37%
Number above Mean 68 58 59 63 47 57 50

Month 211 212 213 214 215 216 217
Mean 3.01% -1.91% 0.57% 1.10% 3.71% -1.11% 3.83%
Median 2.43% -0.42% 0.76% -0.42% 2.83% -2.35% 1.22%
Mode 0.00% 0.00% 0.00% #N/A 0.00% 0.00% #N/A
Maximum 77.33% 44.82% 49.30% 90.00% 81.82% 54.55% 69.23%
Minimum -52.13% -57.49% -39.42% -47.95% -33.33% -43.64% -43.88%
Count 112 109 104 104 102 100 99
Standard Deviation 20.81% 18.30% 17.29% 17.60% 18.59% 16.47% 20.70%
Kurtosis 2.398 1.392 0.499 6.238 3.258 1.501 1.758
Raw skewness 0.004 0.000 0.002 0.006 0.008 0.003 0.008
Relative Skewness 0.418 -0.070 0.414 1.027 1.243 0.682 0.855
Z-Score 1.807 -0.300 1.725 4.276 5.123 2.784 3.475
P-Value 0.0707 0.7644 0.0845 1.9E-05 3E-07 0.0054 0.0005
Percent above Mean 49.11% 53.21% 51.92% 44.23% 48.04% 46.00% 41.41%
Number above Mean 55 58 54 46 49 46 41
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Table 4.1. Continued.
Month 218 219 220 221 222 223 224

Mean -0.78% 4.09% 0.56% 4.54% 0.64% -0.19% 2.84%
Median -2.28% 1.92% 0.00% 2.10% 0.37% -1.41% 1.41%
Mode #N/A #N/A 0.00% 0.00% #N/A #N/A 0.00%
Maximum 78.47% 165.89% 50.04% 100.00% 46.00% 81.59% 176.09%
Minimum -34.85% -70.83% -41.98% -47.37% -49.23% -70.19% -43.75%
Count 97 97 94 93 90 89 85
Standard Deviation 17.62% 25.46% 15.84% 18.61% 17.81% 18.77% 25.31%
Kurtosis 4.483 16.742 0.649 7.128 0.508 5.564 25.731
Raw skewness 0.008 0.041 0.001 0.009 -0.001 0.001 0.063
Relative Skewness 1.391 2.510 0.277 1.348 -0.130 0.224 3.858
Z-Score 5.594 10.093 1.095 5.306 -0.503 0.864 14.522
P-Value 2.2E-08 0 0.2735 1.1E-07 0.6153 0.3877 0
Percent above Mean 49.48% 45.36% 47.87% 39.78% 47.78% 46.07% 43.53%
Number above Mean 48 44 45 37 43 41 37

Month 225 226 227 228 229 230 231
Mean 3.55% 3.37% 2.52% -1.23% 4.44% -1.59% 0.86%
Median 1.89% 2.28% 0.12% -4.20% 0.74% -2.26% -1.38%
Mode #N/A 0.00% #N/A #N/A #N/A #N/A #N/A
Maximum 94.53% 78.57% 109.21% 39.64% 84.67% 70.00% 45.45%
Minimum -38.30% -44.21% -45.45% -33.33% -58.42% -45.71% -58.33%
Count 83 81 79 75 71 69 62
Standard Deviation 21.11% 18.48% 25.01% 14.47% 22.86% 20.45% 18.26%
Kurtosis 5.263 3.092 4.164 0.516 2.337 1.970 1.720
Raw skewness 0.016 0.005 0.023 0.001 0.012 0.006 0.002
Relative Skewness 1.672 0.772 1.495 0.386 1.019 0.706 0.295
Z-Score 6.218 2.837 5.423 1.366 3.505 2.395 0.947
P-Value 5.1E-10 0.0046 5.9E-08 0.1721 0.0005 0.0166 0.3435
Percent above Mean 45.78% 45.68% 43.04% 45.33% 36.62% 47.83% 45.16%
Number above Mean 38 37 34 34 26 33 28
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Table 4.1. Continued.
Month 232 233 234 235 236 237 238

Mean 5.47% 0.02% 2.44% -6.41% -1.11% 1.12% 5.09%
Median -0.58% -1.79% 0.74% -4.78% -0.50% 0.00% 3.53%
Mode -4.00% #N/A #N/A #N/A #N/A 0.00% #N/A
Maximum 373.33% 109.38% 44.75% 38.20% 31.22% 37.53% 43.64%
Minimum -50.00% -42.35% -27.27% -61.89% -37.38% -57.74% -26.16%
Count 57 53 47 43 37 35 34
Standard Deviation 53.09% 23.00% 16.92% 19.05% 15.12% 20.75% 17.43%
Kurtosis 42.721 9.157 -0.298 0.987 0.654 1.448 -0.419
Raw skewness 0.911 0.026 0.002 -0.001 -0.001 -0.005 0.001
Relative Skewness 6.086 2.133 0.448 -0.184 -0.184 -0.606 0.251
Z-Score 18.759 6.338 1.254 -0.493 -0.457 -1.464 0.597
P-Value 0 2.3E-10 0.2098 0.6222 0.6480 0.1433 0.5506
Percent above Mean 38.60% 43.40% 44.68% 53.49% 54.05% 45.71% 47.06%
Number above Mean 22 23 21 23 20 16 16

Month 239 240 ALL
Mean -1.39% -5.29% 1.26%
Median -0.46% -4.59%
Mode #N/A #N/A
Maximum 45.00% 35.64%
Minimum -66.87% -38.95%
Count 33 33
Standard Deviation 21.82% 14.93%
Kurtosis 1.682 1.860
Raw skewness -0.006 0.002
Relative Skewness -0.531 0.497
Z-Score -1.244 1.166
P-Value 0.2134 0.2437
Percent above Mean 57.58% 54.55%
Number above Mean 19 18
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Table 4.2. Summary of Monthly Event time descriptive Statistics by Calendar year 
 
This table summarizes the event time monthly return data in event time segregated by the 
year in which the IPO went public. An evaluation is then made as to the level of positive 
skewness cross-sectionally, that is present in the monthly returns for IPOs, which share a 
common IPO month. The number of months, the number of positive skewed months, the 
percent of positive skewed months and the average monthly return for all available 
months for each year is presented. The sample is comprised of 2,537 initial public 
offerings in 1980-1999 meeting the following criteria: (1) identified as an initial public 
offering by TFSD, (2) the IPO has at least the first 36 months returns on CRSP, (3) the 
IPO has at least the first three years of balance sheet information on RI, (4) the company 
is listed on CRSP within 30days of the offer date, and (5) ADRs, banks, other depository 
institutions, and funds are eliminated from the sample. 
 

Year IPO 
Number 

of  Number of  Percent of  Average return 
Went 
Public Months 

Positive 
Skewed 

Positive 
Skewed for the Year with 

    Months Months 
All Months 

Included 
1980 240 57 23.75% 0.956% 
1981 240 125 52.08% 1.075% 
1982 240 60 25.00% 1.351% 
1983 228 162 71.05% 1.001% 
1984 216 111 51.39% 1.610% 
1985 204 101 49.51% 1.215% 
1986 192 137 71.35% 1.340% 
1987 180 115 63.89% 1.233% 
1988 168 80 47.62% 1.456% 
1989 156 76 48.72% 1.222% 
1990 144 58 40.28% 1.792% 
1991 132 87 65.91% 1.482% 
1992 120 86 71.67% 1.404% 
1993 108 89 82.41% 1.376% 
1994 96 82 85.42% 1.129% 
1995 84 70 83.33% 1.576% 
1996 72 65 90.28% 1.262% 
1997 60 52 86.67% 1.071% 
1998 48 43 89.58% 1.409% 
1999 36 35 97.22% 0.054% 

 

return distributions are positively skewed. Positive skewness then could explain some of 

the perceived poor performance of IPOs in the long term, because investors on average 
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should be willing to accept lower expected returns if the distributions is positively 

skewed. The trade off of expected return for positive skewness is a possible explanation 

of the observed performance in the previous studies. 

In Table 4.3, the mean row in each column shows the average value of what $1 

would have grown to by the end of the corresponding year. For example by year 5, the 

average IPO returned a cumulative 80.4%. By contrast, the median value was a loss of 

9.6 %. The wide difference between the mean and median shows that the average might 

not be representative of the distribution an investor could receive. This reveals a potential 

problem with using the average to describe IPO returns.  The average return for IPOs is 

pulled up by the positive outliers in the distribution. Thus, as past literature focuses on 

the average return, the average investor’s chance of receiving this return is small. The 

number and percent of IPOs above the mean is reported.  This demonstrates along with 

the wide difference between mean and median that there are a few big returns relative to 

the many small returns for IPOs.  

 The average compounded yearly return of the mean for IPOs lasting 20 years is 

22.21%. This is a respectably high return in comparison to the market average of 17.6% 

for small company stocks from Ibbottson Associates 2000. Does this 22.21% return 

represent the average return on IPOs?  With only 6 out of the 132 firms available still 

traded with a return higher than this, the average does not represent the typical IPO. The 

average compounded yearly return of the median for the twenty years is only 6.01%. The 

wide difference shows that when the average return for IPOs is presented, it does not 

represent a true picture of IPO returns available. This is due to the significant positive 

outliers of IPOs. The maximum IPO shows one dollar grew to $1,134.60, while the 
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minimum fell to 6/10 of 1¢ not counting the delisted firms. The exclusion of delisted 

firms from this analysis leads to over stating the returns possible.  

 Next, the event time series IPO cumulative returns are subdivided by the calendar 

year the IPO went public. Table 4.4 presents the event time series segregated by calendar 

year. The percent of positively skewed years supports Hypothesis 1 as most year 

cumulative returns are significantly positively skewed. The wide range of the average 

compounded yearly returns showed that there appears to be better years for investing in 

IPOs than other years. The twenty year period for 1981 IPOs have a 26.45% compounded 

return compared to a 18.37% for 1980 and a 10.55% for 1982.  

 The average returns presented in Table 4.3 have been demonstrated to not 

necessarily give a fair representation of IPO returns. The median and percent above the 

mean in Table 4.3 show that the few positive outliers significantly pull up the average 

value. The significant positive skewness reveals this problem with the average as a few 

extremely large returns in the right tail effect the mean. Unfortunately, this is not the only 

major problem when looking at the average return an IPO has. Gompers and Lerner (GL) 

(2003) mention adjusting for delisted IPOs. The potential survivorship bias in IPOs’ 

average returns is addressed. GL mentions using a –100 delisting return for the last year 

if they could confirm the firm went bankrupt or if it disappeared with less than a one 

dollar value. This leads to the need to correct for delisted firms over any time period to  

account for the survivorship bias. With over thirty percent of GL’s sample disappearing 

by year three, the amount that could disappear in my research with the 20th year time 

frame is potentially large. In the 20th year, only about 1 in 5 firms were still traded. 

The potential upward bias of the average return for IPOs over time due to 
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Table 4.4. Summary of Event Time Cumulative Return Descriptive Statistics by Calendar 
Year 
 
This table summarizes the event time yearly cumulative return data in event time 
segregated by the calendar year in which the IPO went public. An evaluation is then 
made as to the level of positive skewness cross-sectionally, that is present in the yearly 
cumulative returns for IPOs in which share a common IPO calendar year. The number of 
years, the number of positive skewed years, the percent of positive skewed years, the 
average compounded yearly return and the cumulative wealth for each calendar year is 
presented. The overall sample is comprised of 2,537 initial public offerings in 1980-1999 
meeting the following criteria: (1) identified as an initial public offering by TFSD, (2) the 
IPO has at least the first 36 months returns on CRSP, (3) the IPO has at least the first 
three years of balance sheet information on RI, (4) the company is listed on CRSP within 
30days of the offer date, and (5) ADRs, banks, other depository institutions, and funds 
are eliminated from the sample. 
 

Year IPO Number of Number of  Percent of  Average Average  
Went Years Positively Positively  Compounded Cumulative 
Public   Skewed Years Skewed Years Yearly Return  Wealth 

      for Each Year 
Per $1 of 

Investment 
1980 20 11 55.00% 18.373% 29.180 
1981 20 20 100.00% 26.448% 109.212 
1982 20 20 100.00% 10.546% 7.428 
1983 19 19 100.00% 14.422% 12.932 
1984 18 16 88.89% 12.541% 8.386 
1985 17 16 94.12% 10.072% 5.111 
1986 16 16 100.00% 19.470% 17.224 
1987 15 15 100.00% 8.807% 3.547 
1988 14 14 100.00% 28.095% 32.022 
1989 13 13 100.00% 11.387% 4.063 
1990 12 12 100.00% 23.967% 13.172 
1991 11 11 100.00% 11.930% 3.455 
1992 10 10 100.00% 16.770% 4.713 
1993 9 9 100.00% 11.315% 2.624 
1994 8 8 100.00% 8.127% 1.868 
1995 7 7 100.00% 7.572% 1.667 
1996 6 6 100.00% 4.964% 1.337 
1997 5 5 100.00% 3.467% 1.186 
1998 4 4 100.00% 1.711% 1.070 
1999 3 3 100.00% -17.627% 0.559 

 



 125

survivorship bias needs to be addressed to examine IPOs in the long term. In this 

research, 1,348 firms of the 2,537 available firms were delisted before December 2002. 

To correct for some of the survivorship bias in IPO returns, IPOs that were delisted 

(disappeared from CRSP) with less than 20% of the first days’ value were deemed 

failures. The failures' cumulative value when delisted was then used for all the 

appropriate future yearly return distributions. If an IPO delisted with 11% of the value 

still left, the 11% was then used for the distributions from then on for that IPO for each of 

the following cumulative distribution that IPO would have been in if it survived. 

 Table 4.5 reports the delisted IPOs over the sample period of April 1980 to 

December 2002.  A 20% cut point was used to determine the failure group. There were 

494 firms out of 1,348 delisted that disappeared with less than 20% of the first days’ 

price. This represents 36.65% of the disappearing firms. The inclusion of this failure 

group should correct some of the survivorship bias present in the event time distributions. 

 In Table 4.6, the average number of months from initial offering to disappearance 

is presented. There was no discernible pattern present based on the percentage of first 

days’ price when delisted. The IPOs that disappeared with differing percents of the first 

day’s price on average did not seem to disappear quicker for lower percents than higher 

percents. The duration before delisting appears to be relatively stable over the different 

percentage brackets. As an example, the percentage bracket of 0% to 1% had a maximum 

duration of 214 months and a minimum duration of 38 months. Some IPOs failed quickly 

while others lasted many years before disappearing. In this research, a data criterion of at 

least 36 monthly returns after public offerings was needed for the asset pricing models. 

This means that the 2,537 firms had to 
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Table 4.5. Number of Delisted IPOs by Percent of First Day’s Value 
 
This table reports the IPOs that disappeared from CRSP over the sample period March 
1980- December 2002. There were 1348 IPOs that during the sample period were 
removed from CRSP. The table reports the following: (1) the percent of the first day’s 
price when the firm was delisted, (2) the number of IPOs that fall below the 
corresponding percentage, (3) the percent of the total 1348 delisted firms under the 
corresponding percentage, (4) the number of IPOs in each percentage bracket, and (5) the 
percent of the total 1348 delisted firms in each percentage bracket. 

Percent of First  Number of IPOs Percentage of Number of Cumulative  
Day's Price Whose Price Delisted Firms  IPOs Whose Percentage of 
When The  Falls Between Whose Price Whose Final Delisted Firms 
Firm is no  The Percentage Falls Between Price Falls Whose Final 

Longer Listed Brackets  the Percentage Below the Target Price Falls 
on CRSP    Brackets Percentage Below This Level 

1 41 3.04% 41 3.04% 
2 56 4.15% 97 7.20% 
3 62 4.60% 159 11.80% 
4 35 2.60% 194 14.39% 
5 40 2.97% 234 17.36% 
6 29 2.15% 263 19.51% 
7 31 2.30% 294 21.81% 
8 34 2.52% 328 24.33% 
9 24 1.78% 352 26.11% 

10 15 1.11% 367 27.23% 
11 15 1.11% 382 28.34% 
12 17 1.26% 399 29.60% 
13 19 1.41% 418 31.01% 
14 15 1.11% 433 32.12% 
15 14 1.04% 447 33.16% 
16 5 0.37% 452 33.53% 
17 8 0.59% 460 34.13% 
18 11 0.82% 471 34.94% 
19 12 0.89% 483 35.83% 
20 11 0.82% 494 36.65% 
21 14 1.04% 508 37.69% 
22 7 0.52% 515 38.21% 
23 5 0.37% 520 38.58% 
24 4 0.30% 524 38.87% 
25 7 0.52% 531 39.39% 
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Table 4.5.         
26 9 0.67% 540 40.06% 
27 8 0.59% 548 40.65% 
28 9 0.67% 557 41.32% 
29 2 0.15% 559 41.47% 
30 5 0.37% 564 41.84% 
31 6 0.45% 570 42.29% 
32 3 0.22% 573 42.51% 
33 5 0.37% 578 42.88% 
34 6 0.45% 584 43.32% 
35 3 0.22% 587 43.55% 
36 10 0.74% 597 44.29% 
37 10 0.74% 607 45.03% 
38 5 0.37% 612 45.40% 
39 8 0.59% 620 45.99% 
40 4 0.30% 624 46.29% 
41 4 0.30% 628 46.59% 
42 5 0.37% 633 46.96% 
43 2 0.15% 635 47.11% 
44 6 0.45% 641 47.55% 
45 2 0.15% 643 47.70% 
46 4 0.30% 647 48.00% 
47 4 0.30% 651 48.29% 
48 2 0.15% 653 48.44% 
49 5 0.37% 658 48.81% 
50 7 0.52% 665 49.33% 
60 33 2.45% 698 51.78% 
70 43 3.19% 741 54.97% 
80 38 2.82% 779 57.79% 
90 27 2.00% 806 59.79% 
100 31 2.30% 837 62.09% 
150 138 10.24% 975 72.33% 
200 78 5.79% 1053 78.12% 
250 63 4.67% 1116 82.79% 
300 37 2.75% 1153 85.53% 
350 31 2.30% 1184 87.83% 
Over 164 12.17% 1348 100.00% 
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Table 4.6. Average Number of Months when Delisted 
 
This table reports the length in months when IPOs disappeared by the percent of first 
days price. The number in each percentage Bracket, the average number of months, the 
maximum number of months and the minimum number of months for each 
corresponding percentage bracket are presented. 
 

Percent of 
Number of IPOs 

Whose 
Average 
Number Longest  Shortest  

First Day's Price Falls Below the of Months from 
Duration 

of 
Duration 

of 
Price When the Indicated Percentage Initial Offering Listing in Listing in 

Firm is no    
to 

Disappearance Months Months 
Longer Listed         

1 41 87.293 214 38 
2 56 84.554 216 38 
3 62 74.113 152 39 
4 35 79.857 159 40 
5 40 85.500 180 37 
6 29 80.552 235 38 
7 31 92.613 201 41 
8 34 71.059 170 36 
9 24 84.208 212 43 

10 15 77.200 168 40 
11 15 76.133 173 37 
12 17 84.647 245 42 
13 19 84.158 198 48 
14 15 74.333 121 42 
15 14 79.071 169 42 
16 5 120.200 184 47 
17 8 100.875 180 47 
18 11 84.182 196 36 
19 12 91.083 221 42 
20 11 69.182 102 43 
21 14 67.429 129 38 
22 7 93.429 176 57 
23 5 65.600 101 47 
24 4 84.750 192 41 
25 7 83.143 188 47 
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 Table 4.6.        
26 9 93.111 169 38 
27 8 75.250 142 39 
28 9 72.000 104 43 
29 2 111.000 150 72 
30 5 63.200 74 47 
31 5 79.500 128 39 
32 6 73.667 88 61 
33 3 84.000 107 60 
34 5 51.167 67 37 
35 6 65.667 91 52 
36 3 71.300 152 40 
37 10 75.200 128 42 
38 10 81.200 121 40 
39 5 58.125 74 44 
40 8 71.000 89 49 
41 4 57.750 77 45 
42 4 96.000 221 40 
43 5 49.500 58 41 
44 2 73.167 113 39 
45 6 134.500 219 50 
46 2 89.250 189 49 
47 4 44.750 51 36 
48 4 80.500 103 58 
49 2 87.400 118 44 
50 5 79.286 123 44 
60 7 72.333 145 36 
70 33 74.465 197 39 
80 43 81.500 210 38 
90 38 72.185 149 36 
100 27 88.323 198 37 
150 31 83.087 226 35 
200 138 77.641 204 36 
250 78 73.714 173 36 
300 63 88.568 181 38 
350 37 96.935 208 42 
Over 31 113.384 229 36 
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survive at least three years to be considered in this research. GL lost 31.3% of their 

sample by the end of year 3 with 31% of the disappearing firms being potentially 

assigned the –100% return in their research. Table 4.7 presents the event time year when 

an IPO disappeared after the 4th year. The number of years from offering when delisted, 

number of delisted IPOs, average cumulative value, maximum cumulative value, 

minimum cumulative value, and number of failures are presented. The number of IPOs 

that dropped out of this sample is presented in Table 4.8. The number of IPOs assigned as 

failures is presented in Table 4.9. 

 With inclusion of the 494 failures into the event time series data, the event time 

cumulative returns are reexamined. The inclusion of the failures should correct for some 

of the survivorship bias and give a more accurate picture of cumulative IPO return 

distributions. Table 4.10 presents the descriptive statistics for the sample with failures 

included. The relative skewness ranges from 11.625 to 351.19. All skewness values are 

statistically significant at the 1% level. This evidence supports the positive skewness of 

IPO returns with failures included. The skewness is more significant with failures 

included than without the failures in the sample. The failures should cause the 

distributions to become more positively skewed. 

 Table 4.10 shows that the mean return for IPOs for each year has dramatically 

dropped from the mean without failures. This is logical as more low values are not  

included. In year 20, the mean is $55.22 for the sample without failures while the mean 

with failures is only $9.527. The median fell from $3.267 to 11¢. The average yearly 

compounded return is 22.21% for the data set without failures, but only 11.93% for the 

data sets with failures. The median average yearly compounded return drops from 6.09% 
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to –10.45%. These results clearly show that the mean return reported for IPOs does not 

represent the IPO distribution available to typical investors.  

 The event time yearly cumulative data set with failures included is segregated by 

the calendar year the IPO went public. Table 4.10 reports the number and percent of the 

IPOs positively skewed each calendar year. Almost the total sample of yearly cumulative 

years by calendar year are significantly positively skewed. This evidence supports 

Hypothesis 1 for the event time series cumulative distributions. 

 In summary the evidence shows that for event time series monthly and cumulative 

yearly returns, the distribution of IPO returns are highly positively skewed. The data 

support the hypothesis that the return distributions are significantly positively skewed for 

event time IPO returns. 

Table 4.11 reports the short run performance for IPOs as reported on TFSD. The 

returns are from the offer price to the stated length of event time. The first day return of 

19.14% is close to the reported return of 18.8% by Ritter and Welch 2002. The return 

distributions are all significantly positively skewed at the 5% level. The other event time 

series distribution will be from the first day’s close, not the offer price. 

4.2.2 IPO Cross-Sectional Distributions 

 Cross-sectional distributions refer to the individual calendar month the IPO return 

is observed. In any given month, the IPO return could be in event time ranging from the  

first month to the 264th month. Each individual calendar month from April 1980 to 

December 2002 will be presented.   

 The descriptive statistics for each individual calendar month from April 1980 to 

December 2002 are reported in Table 4.12. In table 4.12, 222 months out of the 
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Table 4.12. Cross-Sectional Calendar Monthly Distributions 
 
This table shows the cross-sectional (across IPO firms) descriptive statistics for each 
individual calendar month from March 1980 to December 2002. For Every calendar 
month, there will be new IPOs will be in their 1st month, whereas most the IPOs will be 
more seasoned. The IPOS that are in their 1st month usually will have less than a full 
month since going public due to the actual date during the month the IPO went public. 
The overall sample is comprised of 2,537 initial public offerings in 1980-1999 meeting 
the following criteria: (1) identified as an initial public offering by TFSD, (2) the IPO has 
at least the first 36 months returns on CRSP, (3) the IPO has at least the first three years 
of balance sheet information on RI, (4) the company is listed on CRSP within 30days of 
the offer date, and (5) ADRs, banks, other depository institutions, and funds are 
eliminated from the sample. 
 

 
 Apr-80 May-80 Jun-80 Jul-80 Aug-80 Sep-80 Oct-80 Nov-80
Mean 7.79% 0.00% 0.08% 20.21% 18.08% 4.96% 9.37% 6.58%
Median 7.79% 0.00% 0.08% 24.71% 18.91% 2.45% 10.35% -3.68%
Mode #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A 
Maximum 7.79% 0.00% 2.41% 26.17% 32.08% 26.57% 29.63% 78.29%
Minimum 7.79% 0.00% -2.25% 9.75% 5.21% -12.45% -15.04% -19.10%
Count 1 1 2 3 6 10 14 16
Standard Deviation   3.29% 9.09% 10.20% 12.35% 14.68% 24.48%
Kurtosis     -1.3079 -0.2122 -1.4095 4.12537
Raw Skewness    -0.0013 2.9E-05 0.00134 -0.00023 0.02693
Relative Skewness    -1.6813 0.0276 0.71256 -0.07374 1.83504
Z-Score    -1.1889 0.0276 0.91991 -0.11264 2.99661
P-Value    0.23449 0.97798 0.35762 0.910315 0.00273
Percent Above Mean 0.00% 0.00% 50.00% 66.67% 50.00% 30.00% 50.00% 37.50%
Number above mean 0 0 1 2 3 3 7 6
Percent above Value 100.00% 0.00% 0.00% 100.00% 100.00% 40.00% 57.14% 37.50%
Number above Value 1 0 0 3 6 4 8 6
Percent above Equal 100.00% 0.00% 0.00% 100.00% 83.33% 30.00% 57.14% 37.50%
Number above Equal 1 0 0 3 5 3 8 6
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Table 4.12. Continued
Dec-80 Jan-81 Feb-81 Mar-81 Apr-81 May-81 Jun-81 Jul-81

Mean -3.54% -4.82% -1.16% 5.15% 10.15% 7.11% -11.7% -4.17%
Median -8.56% -7.69% -0.49% 4.38% 7.94% 6.00% -11.8% -6.62%
Mode #N/A #N/A #N/A #N/A #N/A 16.45% -16.7% -10.0%
Maximum 22.00% 22.96% 25.00% 30.39% 117.3% 40.57% 24.68% 25.47%
Minimum -25.9% -29.9% -22.4% -24.6% -35.7% -16.0% -36.4% -41.2%
Count 17 25 29 31 41 47 57 66
Standard Deviation 13.63% 11.72% 11.18% 13.79% 24.72% 14.11% 10.30% 12.54%
Kurtosis -0.8769 0.6017 0.3 -0.4951 8.0132 -0.6402 1.6375 0.8249
Raw Skewness 0.0009 0.0008 0.0005 -0.0002 0.028 0.0007 0.0008 0.0006
Relative Skewness 0.3419 0.4862 0.3482 -0.0702 1.8535 0.2597 0.7132 0.2881
Z-Score 0.5756 0.9925 0.7656 -0.1595 4.8452 0.7267 2.1981 0.9556
P-Value 0.5649 0.321 0.4439 0.8733 1E-06 0.4674 0.0279 0.3393
Percent Above Mean 41.18% 44.00% 51.72% 48.39% 43.90% 46.81% 47.37% 37.88%
Number above mean 7 11 15 15 18 22 27 25
Percent above Value 41.18% 40.00% 37.93% 48.39% 75.61% 65.96% 17.54% 28.79%
Number above Value 7 10 11 15 31 31 10 19
Percent above Equal 41.18% 24.00% 44.83% 45.16% 60.98% 59.57% 17.54% 30.30%
Number above Equal 7 6 13 14 25 28 10 20

Aug-81 Sep-81 Oct-81 Nov-81 Dec-81 Jan-82 Feb-82 Mar-82
Mean -10.3% -12.8% 13.17% 2.49% 0.09% -2.59% -7.83% -3.40%
Median -11.4% -12.8% 12.59% -0.57% -2.08% -4.76% -7.37% -2.38%
Mode 0.00% -3.85% -5.66% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 61.54% 38.71% 71.57% 77.78% 67.74% 51.43% 21.62% 51.22%
Minimum -40.0% -38.9% -37.9% -41.4% -37.2% -27.1% -40.0% -56.5%
Count 80 85 90 95 95 102 103 106
Standard Deviation 12.98% 13.55% 19.14% 19.46% 14.46% 11.99% 11.58% 15.02%
Kurtosis 11.225 1.3073 0.2435 3.7608 4.6452 3.5947 0.3406 2.0337
Raw Skewness 0.0045 0.0013 0.001 0.0102 0.0041 0.002 -0.0007 6E-05
Relative Skewness 2.0634 0.5376 0.1497 1.3793 1.365 1.1525 -0.4477 0.0184
Z-Score 7.5344 2.0233 0.5797 5.4884 5.4315 4.7519 -1.8549 0.0774
P-Value 5E-14 0.043 0.5621 4E-08 6E-08 2E-06 0.0636 0.9383
Percent Above Mean 46.25% 50.59% 47.78% 46.32% 34.74% 45.10% 50.49% 54.72%
Number above mean 37 43 43 44 33 46 52 58
Percent above Value 21.25% 32.94% 64.44% 42.11% 52.63% 45.10% 43.69% 47.17%
Number above Value 17 28 58 40 50 46 45 50
Percent above Equal 30.00% 40.00% 61.11% 46.32% 49.47% 42.16% 42.72% 47.17%
Number above Equal 24 34 55 44 47 43 44 50
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Table 4.12. Continued
Apr-82 May-82 Jun-82 Jul-82 Aug-82 Sep-82 Oct-82 Nov-82

Mean 9.37% -4.03% -8.34% -0.68% 6.16% 5.78% 17.48% 13.68%
Median 5.11% -3.03% -7.02% 0.00% 4.31% 2.61% 16.67% 12.66%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 106.9% 29.3% 23.1% 53.6% 116.7% 80.0% 69.2% 121.2%
Minimum -28.9% -51.9% -37.7% -36.7% -33.3% -39.6% -22.2% -40.0%
Count 108 111 111 112 115 116 117 118
Standard Deviation 20.38% 12.28% 12.08% 14.27% 18.40% 19.98% 21.00% 23.20%
Kurtosis 5.0413 2.3647 -0.3425 1.4239 10.62 1.6449 -0.4468 4.604
Raw Skewness 0.0135 -0.0011 0.0002 0.0005 0.0125 0.007 0.0027 0.0148
Relative Skewness 1.5939 -0.6204 0.0899 0.1801 2.0078 0.8775 0.2896 1.1841
Z-Score 6.7622 -2.6684 0.3868 0.7783 8.7901 3.8584 1.2788 5.2512
P-Value 1E-11 0.0076 0.6989 0.4364 0 0.0001 0.201 2E-07
Percent Above Mean 47.22% 54.05% 54.05% 57.14% 44.35% 42.24% 48.72% 50.00%
Number above mean 51 60 60 64 51 49 57 59
Percent above Value 52.78% 48.65% 32.43% 57.14% 30.43% 53.45% 57.26% 67.80%
Number above Value 57 54 36 64 35 62 67 80
Percent above Equal 50.00% 45.95% 36.94% 57.14% 44.35% 49.14% 55.56% 57.63%
Number above Equal 54 51 41 64 51 57 65 68

Dec-82 Jan-83 Feb-83 Mar-83 Apr-83 May-83 Jun-83 Jul-83
Mean 3.30% 18.85% 3.85% 1.43% 7.29% 12.49% 7.61% -5.81%
Median 0.00% 13.81% 2.82% -1.17% 6.82% 9.84% 2.54% -8.49%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 66.7% 125.0% 52.2% 100.0% 37.5% 117.2% 131.7% 126.7%
Minimum -39.2% -20.7% -48.6% -33.6% -44.2% -20.8% -33.3% -36.6%
Count 123 132 134 137 149 157 171 190
Standard Deviation 17.23% 21.00% 14.78% 18.66% 13.96% 18.57% 20.89% 17.43%
Kurtosis 1.9656 5.3783 1.9196 6.5894 0.5294 6.6181 7.6271 21.258
Raw Skewness 0.0045 0.0158 0.0014 0.0122 -0.0008 0.0115 0.0178 0.0185
Relative Skewness 0.8894 1.7036 0.4334 1.8765 -0.2914 1.7996 1.9498 3.4886
Z-Score 4.0267 7.9906 2.0482 8.9668 -1.4522 9.2056 10.409 19.632
P-Value 6E-05 1E-15 0.0405 0 0.1464 0 0 0
Percent Above Mean 45.53% 41.67% 47.01% 41.61% 48.32% 43.31% 39.77% 40.00%
Number above mean 56 55 63 57 72 68 68 76
Percent above Value 45.53% 81.06% 49.25% 36.50% 48.32% 72.61% 47.95% 31.58%
Number above Value 56 107 66 50 72 114 82 60
Percent above Equal 45.53% 57.58% 46.27% 33.58% 46.31% 52.87% 46.20% 26.32%
Number above Equal 56 76 62 46 69 83 79 50
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Table 4.12. Continued
Aug-83 Sep-83 Oct-83 Nov-83 Dec-83 Jan-84 Feb-84 Mar-84

Mean -4.80% -1.14% -10.4% 4.48% -3.77% -3.14% -7.79% 0.04%
Median -4.82% 0.00% -10.3% 4.08% -5.18% -4.23% -8.65% 0.00%
Mode -4.88% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 46.4% 29.0% 34.0% 70.5% 63.6% 71.4% 37.7% 100.0%
Minimum -47.1% -47.0% -41.4% -42.1% -52.2% -48.0% -44.2% -41.0%
Count 212 239 248 276 300 327 339 343
Standard Deviation 12.31% 13.27% 11.37% 15.51% 13.12% 13.80% 11.97% 13.84%
Kurtosis 2.654 0.1895 0.8665 1.3123 3.3954 4.5391 1.4852 9.0966
Raw Skewness 0.0004 -0.0009 0.0003 0.0013 0.0017 0.0029 0.0011 0.004
Relative Skewness 0.1953 -0.3957 0.2244 0.3585 0.7465 1.0913 0.6417 1.5014
Z-Score 1.1609 -2.4975 1.4425 2.4317 5.2782 8.0567 4.8233 11.352
P-Value 0.2457 0.0125 0.1492 0.015 1E-07 9E-16 1E-06 0
Percent Above Mean 50.00% 52.72% 50.81% 49.28% 44.67% 47.40% 46.61% 44.90%
Number above mean 106 126 126 136 134 155 158 154
Percent above Value 29.25% 43.10% 24.19% 53.26% 35.67% 40.37% 34.22% 41.11%
Number above Value 62 103 60 147 107 132 116 141
Percent above Equal 43.40% 47.70% 33.06% 51.81% 39.00% 33.94% 36.58% 44.02%
Number above Equal 92 114 82 143 117 111 124 151

Apr-84 May-84 Jun-84 Jul-84 Aug-84 Sep-84 Oct-84 Nov-84
Mean -2.57% -5.88% 1.46% -6.04% 11.00% -3.61% -2.75% -4.48%
Median -2.98% -5.75% 0.00% -5.88% 9.52% -2.86% -3.23% -5.20%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 49.3% 66.1% 50.7% 43.5% 94.4% 47.9% 131.3% 141.5%
Minimum -45.7% -37.8% -47.4% -42.9% -44.4% -50.0% -39.7% -50.0%
Count 347 350 358 362 365 374 377 384
Standard Deviation 13.44% 12.73% 13.23% 13.03% 17.37% 12.67% 15.79% 16.47%
Kurtosis 1.6179 3.7582 1.7679 1.3534 2.2697 1.7026 15.626 18.699
Raw Skewness 0.001 0.0017 0.0009 0.0008 0.0031 0.0002 0.0093 0.0112
Relative Skewness 0.4166 0.8434 0.3787 0.3844 0.5827 0.0777 2.3701 2.5115
Z-Score 3.1685 6.4417 2.9249 2.9855 4.545 0.6132 18.787 20.092
P-Value 0.0015 1E-10 0.0034 0.0028 5E-06 0.5397 0 0
Percent Above Mean 46.97% 50.86% 45.53% 50.28% 47.40% 52.67% 47.48% 48.44%
Number above mean 163 178 163 182 173 197 179 186
Percent above Value 32.56% 47.14% 44.13% 34.25% 45.75% 35.29% 39.26% 38.02%
Number above Value 113 165 158 124 167 132 148 146
Percent above Equal 45.24% 46.57% 46.93% 45.86% 52.60% 42.25% 45.36% 44.53%
Number above Equal 157 163 168 166 192 158 171 171
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Table 4.12. Continued
Dec-84 Jan-85 Feb-85 Mar-85 Apr-85 May-85 Jun-85 Jul-85

Mean 0.76% 18.78% 5.63% -4.35% -2.97% 1.55% -0.07% 2.08%
Median 0.00% 18.65% 3.07% -4.69% -3.14% 0.89% 0.00% 1.13%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 72.7% 120.0% 129.4% 100.0% 69.6% 77.8% 45.5% 72.2%
Minimum -37.7% -42.6% -51.6% -55.6% -50.0% -42.6% -44.4% -39.7%
Count 392 396 403 403 407 411 419 424
Standard Deviation 13.82% 19.09% 17.21% 14.70% 13.19% 13.68% 13.32% 14.52%
Kurtosis 3.3576 2.1474 9.994 8.4973 3.7675 3.7917 1.8369 2.1118
Raw Skewness 0.0024 0.0039 0.0103 0.0047 0.0015 0.0015 0.0006 0.0018
Relative Skewness 0.9143 0.5621 2.0183 1.4761 0.6499 0.5686 0.2725 0.5801
Z-Score 7.3904 4.5667 16.541 12.097 5.353 4.706 2.277 4.8769
P-Value 1E-13 5E-06 0 0 9E-08 3E-06 0.0228 1E-06
Percent Above Mean 44.90% 49.49% 41.44% 48.64% 47.91% 47.69% 50.84% 46.93%
Number above mean 176 196 167 196 195 196 213 199
Percent above Value 38.78% 70.20% 53.85% 33.25% 38.33% 32.60% 41.05% 57.08%
Number above Value 152 278 217 134 156 134 172 242
Percent above Equal 45.66% 65.66% 46.65% 33.50% 38.57% 44.53% 42.72% 46.46%
Number above Equal 179 260 188 135 157 183 179 197

Aug-85 Sep-85 Oct-85 Nov-85 Dec-85 Jan-86 Feb-86 Mar-86
Mean -1.77% -7.56% 2.65% 7.43% 2.93% 6.90% 5.69% 4.11%
Median -2.62% -7.02% 0.83% 5.41% 1.23% 3.33% 3.77% 1.69%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 140.0% 48.5% 130.8% 107.7% 71.4% 183.3% 122.2% 117.4%
Minimum -52.8% -42.9% -70.3% -40.5% -50.0% -42.9% -54.5% -43.2%
Count 430 438 444 454 462 471 475 483
Standard Deviation 15.55% 12.65% 18.01% 18.60% 15.53% 20.06% 17.65% 16.89%
Kurtosis 19.872 2.4037 10.16 5.5095 2.7068 15.525 9.8673 7.5783
Raw Skewness 0.0103 0.0013 0.01 0.0091 0.0025 0.0214 0.0102 0.0083
Relative Skewness 2.7497 0.6219 1.7107 1.4102 0.6615 2.6585 1.8621 1.7169
Z-Score 23.278 5.3137 14.716 12.267 5.8044 23.554 16.569 15.404
P-Value 0 1E-07 0 0 6E-09 0 0 0
Percent Above Mean 45.58% 51.60% 44.59% 44.49% 46.10% 39.49% 44.63% 42.24%
Number above mean 196 226 198 202 213 186 212 204
Percent above Value 40.23% 34.47% 38.29% 45.37% 42.86% 56.05% 41.05% 39.13%
Number above Value 173 151 170 206 198 264 195 189
Percent above Equal 40.23% 42.69% 47.30% 50.44% 46.10% 47.13% 43.79% 39.96%
Number above Equal 173 187 210 229 213 222 208 193
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Table 4.12. Continued
Apr-86 May-86 Jun-86 Jul-86 Aug-86 Sep-86 Oct-86 Nov-86

Mean 2.44% 3.32% -0.62% -10.6% 1.60% -8.00% 5.15% -1.46%
Median 1.23% 0.57% -1.38% -10.8% 0.00% -8.71% 3.13% -0.87%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 116.7% 335.7% 73.8% 66.7% 109.5% 212.5% 83.3% 50.0%
Minimum -61.2% -60.8% -42.6% -44.2% -50.0% -49.2% -50.0% -50.0%
Count 491 498 512 537 555 567 577 597
Standard Deviation 16.83% 21.74% 16.01% 13.97% 14.11% 15.97% 16.67% 12.19%
Kurtosis 7.0736 109.81 2.8797 5.3648 6.6956 64.951 2.5988 1.7802
Raw Skewness 0.0051 0.0759 0.0041 0.0035 0.0033 0.0207 0.0033 0.0001
Relative Skewness 1.0729 7.3838 1.006 1.2652 1.1636 5.0749 0.7228 0.0671
Z-Score 9.7055 67.269 9.2928 11.97 11.191 49.334 7.0882 0.6696
P-Value 0 0 0 0 0 0 1E-12 0.5031
Percent Above Mean 46.64% 42.57% 47.46% 48.79% 42.70% 46.21% 45.06% 51.09%
Number above mean 229 212 243 262 237 262 260 305
Percent above Value 57.64% 38.15% 38.28% 29.80% 29.73% 45.86% 45.75% 35.51%
Number above Value 283 190 196 160 165 260 264 212
Percent above Equal 49.29% 41.77% 39.26% 34.82% 41.26% 41.27% 53.03% 47.91%
Number above Equal 242 208 201 187 229 234 306 286

Dec-86 Jan-87 Feb-87 Mar-87 Apr-87 May-87 Jun-87 Jul-87
Mean -3.93% 13.01% 10.33% 3.25% -1.45% -0.59% 1.40% 2.24%
Median -4.35% 10.55% 7.69% 0.00% -2.70% -2.36% 0.00% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 117.4% 105.9% 114.3% 233.3% 130.8% 300.0% 128.1% 81.3%
Minimum -58.6% -44.0% -40.9% -48.9% -62.5% -38.1% -50.0% -54.5%
Count 611 623 633 641 654 661 673 683
Standard Deviation 15.43% 18.61% 18.76% 19.94% 15.57% 18.00% 16.57% 14.79%
Kurtosis 8.3041 3.1103 3.5306 30.012 11.197 118.88 12.204 4.2887
Raw Skewness 0.0044 0.0064 0.0074 0.027 0.007 0.0447 0.0087 0.0035
Relative Skewness 1.2084 0.9872 1.1254 3.4049 1.8633 7.6715 1.9104 1.0869
Z-Score 12.194 10.059 11.559 35.193 19.453 80.52 20.232 11.597
P-Value 0 0 0 0 0 0 0 0
Percent Above Mean 46.15% 44.46% 43.44% 40.25% 44.65% 44.18% 45.32% 43.92%
Number above mean 282 277 275 258 292 292 305 300
Percent above Value 40.92% 44.78% 56.40% 44.31% 45.26% 35.70% 35.51% 35.72%
Number above Value 250 279 357 284 296 236 239 244
Percent above Equal 44.19% 47.19% 50.39% 39.31% 45.57% 36.01% 43.83% 39.68%
Number above Equal 270 294 319 252 298 238 295 271
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Table 4.12. Continued
Aug-87 Sep-87 Oct-87 Nov-87 Dec-87 Jan-88 Feb-88 Mar-88

Mean 2.02% -1.55% -31.1% -8.91% 6.70% 9.10% 6.86% 4.72%
Median 0.00% -2.50% -31.8% -9.67% 4.17% 4.22% 4.49% 2.70%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 132.0% 100.0% 100.0% 66.7% 142.9% 266.7% 82.4% 100.0%
Minimum -62.5% -71.4% -65.5% -63.3% -75.0% -36.6% -38.9% -37.5%
Count 696 701 709 708 705 699 694 695
Standard Deviation 15.19% 14.57% 14.68% 16.59% 23.30% 25.26% 16.18% 15.77%
Kurtosis 9.6151 6.8567 12.306 2.3274 2.9698 25.106 2.4499 4.1718
Raw Skewness 0.0046 0.0035 0.0059 0.0028 0.0102 0.0592 0.0036 0.004
Relative Skewness 1.3092 1.1314 1.8707 0.6209 0.8048 3.6739 0.8598 1.0149
Z-Score 14.101 12.229 20.335 6.7442 8.7235 39.654 9.2471 10.923
P-Value 0 0 0 2E-11 0 0 0 0
Percent Above Mean 44.83% 46.08% 46.83% 47.18% 45.39% 36.19% 43.52% 44.60%
Number above mean 312 323 332 334 320 253 302 310
Percent above Value 39.66% 47.50% 21.02% 43.36% 44.54% 48.93% 48.56% 66.91%
Number above Value 276 333 149 307 314 342 337 465
Percent above Equal 46.41% 46.08% 31.31% 36.44% 53.90% 39.34% 46.54% 47.77%
Number above Equal 323 323 222 258 380 275 323 332

Apr-88 May-88 Jun-88 Jul-88 Aug-88 Sep-88 Oct-88 Nov-88
Mean 1.79% -2.63% 6.68% -0.76% -2.23% 2.98% -2.32% -3.98%
Median 0.00% -2.87% 4.35% -2.08% -2.86% 0.00% -2.33% -4.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 100.0% 81.0% 107.4% 100.0% 100.0% 231.6% 76.2% 109.4%
Minimum -42.0% -54.2% -46.7% -41.5% -52.6% -84.8% -50.0% -52.6%
Count 696 696 699 701 702 706 708 711
Standard Deviation 13.50% 12.84% 16.39% 14.37% 14.92% 20.05% 13.12% 14.63%
Kurtosis 5.6415 4.9016 5.3203 8.5417 8.1976 37.068 3.791 11.518
Raw Skewness 0.0027 0.0013 0.0058 0.0051 0.0053 0.0335 0.0017 0.0059
Relative Skewness 1.1045 0.6145 1.3141 1.7179 1.5878 4.1576 0.7734 1.8978
Z-Score 11.896 6.6188 14.184 18.568 17.175 45.099 8.4009 20.659
P-Value 0 4E-11 0 0 0 0 0 0
Percent Above Mean 43.68% 47.70% 42.49% 46.36% 46.72% 40.08% 49.72% 49.37%
Number above mean 304 332 297 325 328 283 352 351
Percent above Value 45.98% 31.32% 47.35% 46.36% 49.15% 37.39% 31.36% 38.68%
Number above Value 320 218 331 325 345 264 222 275
Percent above Equal 45.26% 44.54% 48.50% 36.52% 47.44% 45.47% 45.20% 47.96%
Number above Equal 315 310 339 256 333 321 320 341
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Table 4.12. Continued
Dec-88 Jan-89 Feb-89 Mar-89 Apr-89 May-89 Jun-89 Jul-89

Mean 4.51% 6.44% 0.59% 1.79% 4.16% 5.06% -2.51% 4.24%
Median 2.70% 3.45% 0.00% 0.00% 2.38% 3.13% -3.92% 2.33%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 116.7% 130.8% 109.5% 208.7% 115.4% 320.0% 172.7% 93.3%
Minimum -62.5% -33.9% -50.0% -70.6% -50.0% -71.7% -56.8% -55.6%
Count 706 707 704 703 700 695 695 699
Standard Deviation 16.89% 17.73% 14.78% 15.87% 16.32% 22.06% 16.48% 15.91%
Kurtosis 5.7556 11.969 9.4833 41.942 5.5536 74.992 22.46 4.3772
Raw Skewness 0.0051 0.0136 0.0061 0.013 0.0044 0.0636 0.0122 0.0043
Relative Skewness 1.0502 2.4352 1.8747 3.2585 1.0151 5.9227 2.7196 1.0603
Z-Score 11.391 26.434 20.306 35.271 10.964 63.744 29.27 11.444
P-Value 0 0 0 0 0 0 0 0
Percent Above Mean 43.91% 40.59% 40.20% 44.10% 44.43% 42.88% 45.76% 43.78%
Number above mean 310 287 283 310 311 298 318 306
Percent above Value 52.27% 40.17% 56.25% 42.39% 42.43% 45.61% 40.14% 31.76%
Number above Value 369 284 396 298 297 317 279 222
Percent above Equal 53.12% 40.74% 40.77% 44.10% 48.00% 51.94% 40.14% 48.50%
Number above Equal 375 288 287 310 336 361 279 339

Aug-89 Sep-89 Oct-89 Nov-89 Dec-89 Jan-90 Feb-90 Mar-90
Mean 1.55% 1.20% -5.63% -0.90% -1.51% -6.33% 3.56% 3.97%
Median 0.00% 0.00% -6.25% -0.50% -1.79% -7.17% 1.44% 2.13%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 103.8% 89.5% 81.8% 116.7% 90.9% 80.0% 180.0% 130.0%
Minimum -62.5% -64.5% -67.6% -67.9% -57.1% -82.4% -66.7% -90.0%
Count 703 704 705 709 715 718 714 713
Standard Deviation 15.58% 14.84% 16.00% 16.57% 14.19% 15.74% 17.70% 16.50%
Kurtosis 7.1507 4.8781 7.1369 6.7844 4.1802 4.9213 18.791 7.9068
Raw Skewness 0.0049 0.0027 0.005 0.0045 0.0012 0.0035 0.0131 0.003
Relative Skewness 1.2937 0.8213 1.2169 0.9881 0.4327 0.908 2.3704 0.665
Z-Score 14.004 8.8962 13.191 10.741 4.7238 9.9327 25.858 7.2497
P-Value 0 0 0 0 2E-06 0 0 4E-13
Percent Above Mean 44.67% 41.90% 47.80% 50.35% 49.23% 52.79% 53.22% 53.44%
Number above mean 314 295 337 357 352 379 380 381
Percent above Value 42.67% 54.26% 35.74% 36.53% 36.22% 66.57% 67.09% 67.32%
Number above Value 300 382 252 259 259 478 479 480
Percent above Equal 44.10% 43.61% 45.39% 50.07% 48.53% 44.43% 44.82% 45.02%
Number above Equal 310 307 320 355 347 319 320 321
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Table 4.12. Continued
Apr-90 May-90 Jun-90 Jul-90 Aug-90 Sep-90 Oct-90 Nov-90

Mean -2.14% 6.76% 1.80% -4.01% -13.7% -10.0% -6.02% 5.46%
Median -2.50% 4.82% 0.00% -4.55% -14.0% -9.8% -5.88% 4.26%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 226.3% 144.4% 161.1% 111.1% 166.7% 178.3% 140.0% 125.0%
Minimum -67.4% -54.2% -72.7% -51.9% -60.0% -61.1% -80.0% -91.7%
Count 715 724 723 722 726 729 724 723
Standard Deviation 18.21% 18.93% 18.69% 15.78% 15.32% 15.99% 18.53% 21.71%
Kurtosis 40.474 5.7522 14.744 7.8619 26.289 27.681 6.3595 2.9612
Raw Skewness 0.0226 0.0076 0.0147 0.0058 0.0081 0.0097 0.0045 0.0024
Relative Skewness 3.7536 1.1242 2.2542 1.464 2.2388 2.3836 0.7031 0.2338
Z-Score 40.976 12.349 24.745 16.06 24.627 26.274 7.7239 2.5667
P-Value 0 0 0 0 0 0 1E-14 0.0103
Percent Above Mean 53.43% 52.90% 53.11% 53.32% 53.17% 53.09% 53.59% 53.80%
Number above mean 382 383 384 385 386 387 388 389
Percent above Value 67.27% 66.57% 66.80% 67.04% 66.80% 66.67% 67.27% 67.50%
Number above Value 481 482 483 484 485 486 487 488
Percent above Equal 45.03% 44.61% 44.81% 45.01% 44.90% 44.86% 45.30% 45.50%
Number above Equal 322 323 324 325 326 327 328 329

Dec-90 Jan-91 Feb-91 Mar-91 Apr-91 May-91 Jun-91 Jul-91
Mean 1.01% 13.42% 16.30% 10.85% 2.84% 3.57% -4.32% 4.06%
Median 0.00% 9.07% 10.89% 6.25% 0.00% 2.40% -5.00% 2.30%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 166.7% 300.0% 650.0% 900.0% 300.0% 110.0% 166.7% 180.0%
Minimum -57.1% -75.0% -30.4% -56.3% -57.9% -58.5% -52.8% -77.8%
Count 723 722 719 717 717 732 744 762
Standard Deviation 19.71% 29.63% 34.39% 40.51% 24.59% 17.91% 17.27% 18.47%
Kurtosis 7.4608 29.134 162.31 325.36 56.627 6.8863 25.235 17.941
Raw Skewness 0.0076 0.099 0.3911 1.0099 0.0827 0.0086 0.0172 0.0127
Relative Skewness 0.9972 3.8058 9.611 15.19 5.562 1.4973 3.3428 2.0228
Z-Score 10.947 41.748 105.21 166.06 60.801 16.538 37.224 22.796
P-Value 0 0 0 0 0 0 0 0
Percent Above Mean 53.94% 54.16% 54.52% 54.81% 54.95% 53.96% 53.23% 52.10%
Number above mean 390 391 392 393 394 395 396 397
Percent above Value 67.63% 67.87% 68.29% 68.62% 68.76% 67.49% 66.53% 65.09%
Number above Value 489 490 491 492 493 494 495 496
Percent above Equal 45.64% 45.84% 46.18% 46.44% 46.58% 45.77% 45.16% 44.23%
Number above Equal 330 331 332 333 334 335 336 337
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Table 4.12. Continued
Aug-91 Sep-91 Oct-91 Nov-91 Dec-91 Jan-92 Feb-92 Mar-92

Mean 4.17% 1.91% 3.00% -4.47% 6.80% 14.91% 4.33% -4.27%
Median 1.41% 0.00% 0.00% -4.13% 6.25% 9.68% 1.59% -4.50%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 275.0% 129.6% 116.7% 105.9% 79.6% 500.0% 200.0% 114.3%
Minimum -42.9% -84.0% -64.6% -80.0% -87.5% -46.4% -55.0% -70.4%
Count 777 788 791 800 805 813 827 839
Standard Deviation 20.31% 18.03% 19.03% 15.88% 19.24% 30.93% 19.42% 16.44%
Kurtosis 48.676 7.6286 4.103 6.0286 1.7904 78.561 19.863 9.0922
Raw Skewness 0.0374 0.009 0.0072 0.0029 0.0003 0.1817 0.0218 0.0065
Relative Skewness 4.4626 1.529 1.0385 0.7252 0.0428 6.1434 2.9739 1.4577
Z-Score 50.784 17.523 11.924 8.3737 0.4962 71.512 34.914 17.237
P-Value 0 0 0 0 0.6198 0 0 0
Percent Above Mean 51.22% 50.63% 50.57% 50.13% 49.94% 49.57% 48.85% 48.27%
Number above mean 398 399 400 401 402 403 404 405
Percent above Value 63.96% 63.20% 63.08% 62.50% 62.24% 61.75% 60.82% 60.07%
Number above Value 497 498 499 500 501 502 503 504
Percent above Equal 43.50% 43.02% 42.98% 42.63% 42.48% 42.19% 41.60% 41.12%
Number above Equal 338 339 340 341 342 343 344 345

Apr-92 May-92 Jun-92 Jul-92 Aug-92 Sep-92 Oct-92 Nov-92
Mean -6.95% -0.91% -5.48% 2.80% -2.47% 3.39% 3.35% 11.30%
Median -7.14% -1.30% -4.96% 2.04% -3.00% 1.53% 2.20% 9.09%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 113.3% 165.4% 87.8% 100.0% 62.5% 150.0% 100.0% 233.3%
Minimum -56.7% -50.0% -56.9% -64.8% -83.3% -76.5% -50.8% -60.7%
Count 854 872 876 892 894 901 904 927
Standard Deviation 14.51% 14.69% 14.18% 16.13% 13.31% 18.00% 15.83% 20.23%
Kurtosis 7.6381 20.602 5.0878 3.3977 3.3527 14.579 2.6464 17.553
Raw Skewness 0.0028 0.0067 0.0019 0.0013 0.0002 0.0116 0.0022 0.0174
Relative Skewness 0.9272 2.124 0.6787 0.3027 0.083 1.9907 0.5518 2.0983
Z-Score 11.062 25.606 8.2009 3.6914 1.013 24.394 6.7736 26.081
P-Value 0 0 2E-16 0.0002 0.3111 0 1E-11 0
Percent Above Mean 47.54% 46.67% 46.58% 45.85% 45.86% 45.62% 45.58% 44.55%
Number above mean 406 407 408 409 410 411 412 413
Percent above Value 59.13% 58.03% 57.88% 56.95% 56.94% 56.60% 56.53% 55.23%
Number above Value 505 506 507 508 509 510 511 512
Percent above Equal 40.52% 39.79% 39.73% 39.13% 39.15% 38.96% 38.94% 38.08%
Number above Equal 346 347 348 349 350 351 352 353
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Table 4.12. Continued
Dec-92 Jan-93 Feb-93 Mar-93 Apr-93 May-93 Jun-93 Jul-93

Mean 2.80% 4.69% -4.50% 2.53% -3.19% 6.32% 0.24% -0.38%
Median 0.89% 2.53% -4.74% 1.31% -4.05% 3.76% 0.00% 0.00%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 283.3% 235.3% 76.5% 125.0% 100.0% 140.0% 93.8% 180.0%
Minimum -68.4% -87.5% -73.6% -55.0% -45.5% -42.2% -47.2% -47.1%
Count 936 952 963 974 998 1013 1025 1048
Standard Deviation 18.66% 18.82% 14.42% 16.45% 13.74% 16.00% 14.64% 15.00%
Kurtosis 57.432 28.023 3.4374 7.3193 6.2797 6.6978 4.6465 21.852
Raw Skewness 0.0293 0.0186 0.0021 0.0053 0.0031 0.006 0.0031 0.0071
Relative Skewness 4.5089 2.794 0.7106 1.1922 1.1862 1.4621 0.9797 2.0879
Z-Score 56.316 35.195 9.0022 15.189 15.299 18.998 12.805 27.594
P-Value 0 0 0 0 0 0 0 0
Percent Above Mean 44.23% 43.59% 48.70% 45.38% 45.99% 43.14% 43.90% 49.90%
Number above mean 414 415 469 442 459 437 450 523
Percent above Value 54.81% 53.99% 29.91% 45.48% 43.59% 51.63% 43.61% 49.81%
Number above Value 513 514 288 443 435 523 447 522
Percent above Equal 37.82% 37.29% 35.51% 43.12% 38.68% 49.46% 42.24% 40.74%
Number above Equal 354 355 342 420 386 501 433 427

Aug-93 Sep-93 Oct-93 Nov-93 Dec-93 Jan-94 Feb-94 Mar-94
Mean 5.08% 4.21% 4.63% -2.26% 1.63% 4.77% -0.18% -4.66%
Median 3.65% 2.17% 2.79% -2.77% 1.09% 3.33% -0.81% -5.65%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 183.3% 174.3% 122.7% 177.8% 92.5% 140.0% 63.6% 223.1%
Minimum -50.0% -57.1% -41.4% -43.8% -61.8% -52.5% -50.0% -56.3%
Count 1068 1092 1106 1126 1152 1181 1189 1216
Standard Deviation 16.24% 16.76% 16.32% 13.88% 14.50% 14.93% 12.34% 14.73%
Kurtosis 15.397 17.649 5.8766 26.611 2.9866 7.4275 2.3414 50.678
Raw Skewness 0.0078 0.0107 0.006 0.0065 0.0012 0.0044 0.0009 0.012
Relative Skewness 1.8209 2.2779 1.3732 2.4309 0.3945 1.3202 0.4936 3.7465
Z-Score 24.293 30.73 18.644 33.301 5.4664 18.521 6.9481 53.335
P-Value 0 0 0 0 5E-08 0 4E-12 0
Percent Above Mean 45.22% 42.95% 44.67% 46.71% 48.09% 44.96% 48.19% 46.38%
Number above mean 483 469 494 526 554 531 573 564
Percent above Value 48.69% 55.31% 53.71% 45.20% 47.31% 50.80% 55.76% 45.89%
Number above Value 520 604 594 509 545 600 663 558
Percent above Equal 48.69% 48.99% 46.47% 47.69% 48.26% 44.79% 49.79% 45.89%
Number above Equal 520 535 514 537 556 529 592 558
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Table 4.12. Continued
Apr-94 May-94 Jun-94 Jul-94 Aug-94 Sep-94 Oct-94 Nov-94

Mean -2.33% -1.45% -4.55% 0.95% 6.24% 1.55% 1.49% -3.65%
Median -1.64% -1.90% -3.70% 0.52% 4.18% 0.00% 0.00% -4.40%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 86.0% 150.0% 66.7% 60.0% 171.2% 150.0% 135.3% 87.5%
Minimum -66.3% -55.6% -58.3% -69.2% -50.0% -60.7% -73.7% -67.9%
Count 1235 1244 1268 1289 1294 1308 1318 1325
Standard Deviation 13.14% 14.66% 13.07% 13.57% 16.59% 15.04% 16.06% 13.60%
Kurtosis 4.9944 18.359 2.3901 2.0302 12.397 15.803 8.2488 5.3513
Raw Skewness 3E-05 0.007 0.0002 2E-05 0.0081 0.0061 0.0055 0.0021
Relative Skewness 0.0126 2.2252 0.0902 0.0075 1.77 1.7804 1.3215 0.822
Z-Score 0.1806 32.041 1.3107 0.1099 25.994 26.287 19.587 12.216
P-Value 0.8567 0 0.19 0.9125 0 0 0 0
Percent Above Mean 51.50% 46.70% 53.47% 49.11% 43.35% 45.64% 42.94% 45.89%
Number above mean 636 581 678 633 561 597 566 608
Percent above Value 38.46% 37.22% 45.35% 41.27% 49.77% 58.87% 43.10% 45.96%
Number above Value 475 463 575 532 644 770 568 609
Percent above Equal 47.21% 43.97% 45.35% 46.94% 51.08% 49.16% 52.12% 47.62%
Number above Equal 583 547 575 605 661 643 687 631

Dec-94 Jan-95 Feb-95 Mar-95 Apr-95 May-95 Jun-95 Jul-95
Mean -1.62% 2.53% 4.10% 1.98% 2.95% 2.21% 6.30% 7.57%
Median 0.00% 0.37% 3.03% 0.93% 1.13% 0.17% 4.56% 5.04%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 66.7% 142.1% 250.0% 111.8% 150.0% 190.6% 146.2% 157.1%
Minimum -68.8% -75.0% -65.6% -80.0% -71.4% -87.5% -71.4% -41.9%
Count 1329 1338 1346 1353 1359 1364 1368 1379
Standard Deviation 14.62% 17.01% 16.87% 15.98% 15.68% 16.46% 16.80% 18.47%
Kurtosis 1.7532 9.1765 47.03 6.5598 13.51 16.817 8.6752 11.005
Raw Skewness -0.0005 0.0081 0.0187 0.0029 0.0078 0.0082 0.0064 0.0132
Relative Skewness -0.1643 1.6527 3.8923 0.7131 2.0146 1.8389 1.3603 2.1006
Z-Score -2.4445 24.68 58.298 10.708 30.319 27.726 20.54 31.846
P-Value 0.0145 0 0 0 0 0 0 0
Percent Above Mean 52.52% 43.35% 45.91% 47.60% 43.19% 42.60% 44.44% 42.49%
Number above mean 698 580 618 644 587 581 608 586
Percent above Value 42.44% 45.74% 46.58% 45.31% 44.81% 38.05% 54.53% 53.52%
Number above Value 564 612 627 613 609 519 746 738
Percent above Equal 51.92% 42.68% 50.82% 47.67% 44.37% 43.33% 48.54% 48.44%
Number above Equal 690 571 684 645 603 591 664 668
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Table 4.12. Continued
Aug-95 Sep-95 Oct-95 Nov-95 Dec-95 Jan-96 Feb-96 Mar-96

Mean 3.36% 2.91% -4.85% 1.99% 0.18% 2.94% 4.46% 3.89%
Median 1.59% 1.22% -4.70% 1.26% 0.00% 0.83% 2.51% 1.89%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 129.3% 171.9% 67.6% 115.6% 154.8% 176.5% 105.9% 176.9%
Minimum -52.9% -60.0% -69.0% -65.3% -61.5% -61.3% -48.9% -53.5%
Count 1385 1388 1388 1401 1431 1458 1455 1473
Standard Deviation 16.26% 16.13% 14.93% 16.05% 17.63% 20.21% 16.01% 17.33%
Kurtosis 7.2443 13.463 2.1252 4.5337 8.1151 12.7 4.3852 14.618
Raw Skewness 0.006 0.0082 0.0013 0.0032 0.007 0.0177 0.005 0.0111
Relative Skewness 1.401 1.9476 0.3868 0.7635 1.2753 2.1439 1.2302 2.1422
Z-Score 21.286 29.622 5.8824 11.667 19.694 33.42 19.158 33.565
P-Value 0 0 4E-09 0 0 0 0 0
Percent Above Mean 43.18% 43.08% 49.71% 46.90% 46.47% 42.32% 43.92% 43.18%
Number above mean 598 598 690 657 665 617 639 636
Percent above Value 51.48% 41.07% 35.59% 39.33% 43.19% 42.87% 52.92% 52.68%
Number above Value 713 570 494 551 618 625 770 776
Percent above Equal 44.04% 43.80% 46.83% 48.25% 44.93% 41.02% 47.56% 48.13%
Number above Equal 610 608 650 676 643 598 692 709

Apr-96 May-96 Jun-96 Jul-96 Aug-96 Sep-96 Oct-96 Nov-96
Mean 10.22% 7.88% -5.95% -11.5% 6.21% 3.78% -3.97% 2.43%
Median 6.98% 4.00% -4.88% -10.5% 4.63% 1.78% -3.51% 0.55%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 194.6% 168.4% 106.9% 52.6% 150.0% 92.3% 60.4% 127.3%
Minimum -45.0% -58.0% -68.6% -66.7% -47.6% -86.4% -61.5% -67.8%
Count 1491 1501 1520 1544 1550 1560 1569 1589
Standard Deviation 19.93% 19.43% 14.32% 14.43% 15.59% 15.90% 15.85% 16.16%
Kurtosis 10.734 10.906 5.0102 1.2555 7.6937 4.1191 1.3727 7.5212
Raw Skewness 0.0173 0.0159 0.0011 -0.0008 0.005 0.0036 0.0006 0.0055
Relative Skewness 2.1869 2.1698 0.3644 -0.2826 1.3093 0.8942 0.1429 1.2926
Z-Score 34.474 34.319 5.7992 -4.5331 21.043 14.418 2.3101 21.036
P-Value 0 0 7E-09 6E-06 0 0 0.0209 0
Percent Above Mean 40.71% 40.31% 52.96% 52.78% 44.19% 43.72% 51.37% 44.30%
Number above mean 607 605 805 815 685 682 806 704
Percent above Value 62.37% 54.50% 34.67% 33.68% 54.77% 39.55% 34.23% 32.22%
Number above Value 930 818 527 520 849 617 537 512
Percent above Equal 53.66% 44.57% 43.75% 41.52% 50.19% 46.92% 44.87% 44.12%
Number above Equal 800 669 665 641 778 732 704 701
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Table 4.12. Continued
Dec-96 Jan-97 Feb-97 Mar-97 Apr-97 May-97 Jun-97 Jul-97

Mean 0.86% 6.65% -3.67% -6.65% -3.04% 12.52% 3.76% 5.54%
Median 0.00% 3.74% -3.57% -5.56% -2.75% 10.29% 2.93% 3.32%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 160.3% 225.0% 146.9% 63.3% 137.5% 138.4% 100.0% 150.0%
Minimum -66.7% -62.0% -80.0% -75.6% -67.0% -83.3% -67.2% -64.3%
Count 1604 1618 1620 1624 1627 1628 1617 1632
Standard Deviation 16.51% 20.22% 15.03% 14.41% 15.99% 18.65% 15.73% 18.40%
Kurtosis 8.0357 17.018 11.181 2.8744 5.9796 3.7631 3.6615 5.3043
Raw Skewness 0.0049 0.0195 0.0039 -0.0002 0.0027 0.0053 0.0022 0.0075
Relative Skewness 1.0856 2.3614 1.1609 -0.0821 0.6614 0.814 0.572 1.2072
Z-Score 17.75 38.778 19.076 -1.3511 10.891 13.409 9.3897 19.909
P-Value 0 0 0 0.1766 0 0 0 0
Percent Above Mean 46.95% 41.84% 49.94% 53.33% 50.77% 43.24% 47.50% 43.44%
Number above mean 753 677 809 866 826 704 768 709
Percent above Value 54.93% 44.81% 38.40% 45.81% 26.74% 58.29% 45.02% 39.15%
Number above Value 881 725 622 744 435 949 728 639
Percent above Equal 52.93% 42.65% 39.88% 47.04% 46.83% 55.59% 45.89% 46.02%
Number above Equal 849 690 646 764 762 905 742 751

Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98
Mean 4.37% 9.15% -3.85% -3.35% -4.94% 1.72% 6.97% 5.07%
Median 1.64% 6.93% -4.88% -2.86% -3.72% 0.00% 6.04% 3.57%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 104.5% 200.0% 470.0% 101.7% 67.9% 333.3% 150.0% 141.7%
Minimum -60.8% -66.7% -65.5% -90.2% -76.5% -75.0% -83.3% -76.9%
Count 1639 1639 1641 1649 1665 1669 1660 1664
Standard Deviation 16.44% 18.49% 19.05% 13.29% 16.71% 20.16% 16.41% 18.37%
Kurtosis 4.4294 11.008 234.42 6.7497 1.881 59.487 6.8448 6.3545
Raw Skewness 0.0053 0.0106 0.0682 0.0003 -0.0011 0.0383 0.0038 0.0067
Relative Skewness 1.186 1.6793 9.8591 0.148 -0.2284 4.6685 0.8674 1.0853
Z-Score 19.602 27.754 163.05 2.4529 -3.8048 77.863 14.427 18.074
P-Value 0 0 0 0.0142 0.0001 0 0 0
Percent Above Mean 40.09% 43.38% 45.70% 51.49% 52.31% 43.20% 45.96% 45.31%
Number above mean 657 711 750 849 871 721 763 754
Percent above Value 71.45% 53.45% 44.73% 27.29% 31.89% 46.79% 45.06% 45.13%
Number above Value 1171 876 734 450 531 781 748 751
Percent above Equal 46.37% 46.19% 41.32% 47.30% 46.01% 43.98% 50.00% 46.88%
Number above Equal 760 757 678 780 766 734 830 780
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Table 4.12. Continued
Apr-98 May-98 Jun-98 Jul-98 Aug-98 Sep-98 Oct-98 Nov-98

Mean 3.37% -5.30% -2.46% -6.02% -22.2% 6.05% 5.08% 9.92%
Median 1.08% -5.62% -3.03% -6.85% -21.5% 3.23% 2.86% 4.91%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 304.5% 230.6% 126.9% 247.4% 45.5% 163.0% 169.0% 937.4%
Minimum -76.3% -74.3% -70.5% -78.8% -83.0% -78.1% -85.3% -70.9%
Count 1661 1666 1669 1675 1679 1667 1647 1640
Standard Deviation 19.80% 16.32% 16.70% 18.82% 15.14% 24.21% 22.88% 36.92%
Kurtosis 57.37 38.453 5.8683 33.352 0.9177 2.5077 5.1015 269.75
Raw Skewness 0.0371 0.0145 0.0041 0.0212 -5E-05 0.0109 0.0132 0.6206
Relative Skewness 4.7797 3.3264 0.876 3.1774 -0.0139 0.7652 1.1031 12.333
Z-Score 79.527 55.428 14.611 53.088 -0.2331 12.755 18.277 203.9
P-Value 0 0 0 0 0.8156 0 0 0
Percent Above Mean 41.48% 48.38% 47.87% 47.10% 51.40% 45.35% 44.63% 39.70%
Number above mean 689 806 799 789 863 756 735 651
Percent above Value 49.97% 38.00% 31.64% 35.64% 32.88% 44.51% 39.59% 46.52%
Number above Value 830 633 528 597 552 742 652 763
Percent above Equal 45.21% 44.54% 49.01% 43.76% 44.07% 47.87% 47.91% 43.35%
Number above Equal 751 742 818 733 740 798 789 711

Dec-98 Jan-99 Feb-99 Mar-99 Apr-99 May-99 Jun-99 Jul-99
Mean 4.90% 8.67% -6.63% -1.07% 7.97% 4.30% 6.00% 0.82%
Median 2.37% 2.51% -7.69% -3.45% 5.24% 1.93% 2.84% -0.67%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 345.3% 950.0% 213.3% 203.9% 223.8% 112.7% 219.8% 209.4%
Minimum -67.5% -59.0% -72.8% -70.9% -76.7% -72.9% -49.8% -65.7%
Count 1628 1616 1615 1610 1608 1605 1598 1596
Standard Deviation 25.62% 36.26% 17.82% 22.21% 24.96% 18.57% 21.33% 19.18%
Kurtosis 32.451 289.68 20.781 8.7552 11.841 3.9856 13.442 16.127
Raw Skewness 0.0573 0.587 0.0135 0.0184 0.0313 0.0062 0.0219 0.0154
Relative Skewness 3.4094 12.308 2.3895 1.6791 2.0155 0.9754 2.2616 2.1826
Z-Score 56.16 201.99 39.203 27.505 32.995 15.954 36.908 35.597
P-Value 0 0 0 0 0 0 0 0
Percent Above Mean 43.30% 36.51% 46.69% 43.66% 43.22% 42.80% 40.49% 44.24%
Number above mean 705 590 754 703 695 687 647 706
Percent above Value 39.93% 46.53% 37.96% 32.17% 50.81% 62.74% 42.93% 55.95%
Number above Value 650 752 613 518 817 1007 686 893
Percent above Equal 51.23% 41.34% 39.07% 41.99% 42.54% 48.22% 46.93% 44.36%
Number above Equal 834 668 631 676 684 774 750 708
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Table 4.12. Continued
Aug-99 Sep-99 Oct-99 Nov-99 Dec-99 Jan-00 Feb-00 Mar-00

Mean -2.05% -0.90% 0.01% 13.02% 11.92% 6.94% 20.31% -0.70%
Median -3.64% -2.51% -1.55% 5.44% 4.48% 1.45% 6.62% -1.64%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 260.8% 204.8% 175.0% 445.5% 268.0% 500.0% 1034% 333.9%
Minimum -76.8% -83.3% -82.0% -62.5% -60.0% -63.4% -67.4% -69.1%
Count 1600 1597 1590 1596 1602 1601 1580 1568
Standard Deviation 19.47% 19.77% 22.15% 32.83% 33.85% 30.94% 52.97% 27.55%
Kurtosis 26.293 12.733 7.527 28.466 10.686 48.405 94.459 24.334
Raw Skewness 0.0191 0.0142 0.015 0.1268 0.0966 0.1287 0.9832 0.0534
Relative Skewness 2.5903 1.8419 1.3769 3.5822 2.49 4.3431 6.6134 2.5561
Z-Score 42.299 30.051 22.414 58.424 40.687 70.944 107.32 41.322
P-Value 0 0 0 0 0 0 0 0
Percent Above Mean 43.44% 43.83% 43.40% 38.41% 36.70% 38.23% 33.35% 47.45%
Number above mean 695 700 690 613 588 612 527 744
Percent above Value 40.75% 48.40% 30.13% 53.13% 42.07% 63.02% 55.51% 34.38%
Number above Value 652 773 479 848 674 1009 877 539
Percent above Equal 47.00% 45.27% 46.48% 44.17% 41.95% 41.91% 42.34% 46.49%
Number above Equal 752 723 739 705 672 671 669 729

Apr-00 May-00 Jun-00 Jul-00 Aug-00 Sep-00 Oct-00 Nov-00
Mean -10.7% -7.49% 12.52% -2.58% 8.87% -4.53% -7.22% -14.2%
Median -9.85% -7.43% 5.93% -2.98% 4.87% -4.57% -6.45% -13.1%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 495.5% 109.2% 184.4% 93.9% 336.4% 112.5% 116.7% 138.8%
Minimum -86.2% -77.3% -67.6% -73.7% -65.4% -74.8% -81.7% -83.3%
Count 1553 1544 1532 1519 1503 1494 1475 1460
Standard Deviation 26.88% 20.18% 28.86% 19.61% 24.67% 19.61% 21.56% 22.50%
Kurtosis 121.28 2.4443 5.6337 1.7973 23.785 3.1915 3.3669 3.2745
Raw Skewness 0.1332 0.0049 0.0421 0.0041 0.0378 0.005 0.0054 0.0057
Relative Skewness 6.8572 0.5936 1.7524 0.5481 2.5182 0.6571 0.5415 0.4979
Z-Score 110.32 9.5225 28.001 8.7216 39.856 10.369 8.4901 7.767
P-Value 0 0 0 0 0 0 0 8E-15
Percent Above Mean 51.58% 49.55% 37.27% 48.26% 41.45% 49.46% 51.73% 51.51%
Number above mean 801 765 571 733 623 739 763 752
Percent above Value 41.73% 41.13% 51.96% 46.08% 43.78% 50.80% 39.73% 44.04%
Number above Value 648 635 796 700 658 759 586 643
Percent above Equal 47.20% 44.88% 46.08% 46.41% 47.24% 48.66% 50.03% 47.19%
Number above Equal 733 693 706 705 710 727 738 689
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Table 4.12. Continued
Dec-00 Jan-01 Feb-01 Mar-01 Apr-01 May-01 Jun-01 Jul-01

Mean -2.10% 28.29% -10.2% -8.23% 12.06% 6.96% 1.83% -4.39%
Median -1.16% 16.67% -8.98% -7.20% 7.78% 3.81% 0.00% -3.80%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 127.9% 500.0% 269.2% 287.5% 197.6% 145.7% 158.9% 130.0%
Minimum -90.7% -65.7% -71.0% -69.7% -70.7% -76.3% -57.1% -81.5%
Count 1442 1427 1417 1405 1384 1364 1349 1337
Standard Deviation 25.13% 47.23% 22.26% 22.26% 26.76% 22.12% 19.91% 19.27%
Kurtosis 1.6279 16.047 20.873 27.713 5.2746 4.6065 6.4222 5.3245
Raw Skewness 0.0045 0.3163 0.0215 0.0264 0.0286 0.0142 0.0101 0.0047
Relative Skewness 0.2851 3.0019 1.9509 2.3958 1.4938 1.3084 1.2736 0.6566
Z-Score 4.4192 46.294 29.981 36.662 22.688 19.728 19.096 9.8022
P-Value 1E-05 0 0 0 0 0 0 0
Percent Above Mean 50.83% 37.42% 51.24% 52.24% 40.39% 41.86% 45.66% 51.01%
Number above mean 733 534 726 734 559 571 616 682
Percent above Value 41.75% 68.26% 50.81% 48.61% 48.34% 57.70% 56.12% 43.53%
Number above Value 602 974 720 683 669 787 757 582
Percent above Equal 48.54% 43.66% 46.51% 49.47% 50.29% 43.84% 47.96% 46.82%
Number above Equal 700 623 659 695 696 598 647 626

Aug-01 Sep-01 Oct-01 Nov-01 Dec-01 Jan-02 Feb-02 Mar-02
Mean -4.59% -15.9% 12.69% 10.31% 6.11% 2.90% -5.28% 10.24%
Median -4.18% -15.8% 7.27% 7.60% 3.86% 0.00% -4.20% 7.04%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 119.5% 262.5% 340.0% 206.7% 257.4% 234.4% 79.2% 347.5%
Minimum -71.7% -92.5% -79.1% -73.3% -71.9% -74.6% -78.2% -84.8%
Count 1320 1311 1305 1296 1285 1282 1270 1264
Standard Deviation 17.74% 21.86% 32.08% 21.60% 20.73% 21.75% 17.45% 22.64%
Kurtosis 6.129 30.337 21.127 7.761 35.11 13.047 2.4494 53.524
Raw Skewness 0.0047 0.0313 0.1068 0.0147 0.0309 0.0208 0.0004 0.0546
Relative Skewness 0.8341 3.0006 3.2371 1.457 3.4726 2.0245 0.0813 4.706
Z-Score 12.371 44.355 47.741 21.414 50.82 29.592 1.1826 68.304
P-Value 0 0 0 0 0 0 0.237 0
Percent Above Mean 50.98% 50.65% 38.62% 42.75% 43.27% 42.90% 52.76% 41.06%
Number above mean 673 664 504 554 556 550 670 519
Percent above Value 54.62% 32.19% 59.00% 49.23% 57.12% 55.15% 43.31% 58.47%
Number above Value 721 422 770 638 734 707 550 739
Percent above Equal 46.74% 40.35% 48.81% 48.53% 44.28% 45.24% 46.54% 49.13%
Number above Equal 617 529 637 629 569 580 591 621
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Table 4.12. Continued
Apr-02 May-02 Jun-02 Jul-02 Aug-02 Sep-02 Oct-02 Nov-02

Mean -1.38% -3.23% -9.59% -13.0% -0.8% -10.2% 7.28% 17.74%
Median -1.13% -3.48% -8.00% -12.3% -2.0% -8.8% 3.70% 9.42%
Mode 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Maximum 176.8% 262.1% 57.8% 118.8% 453.2% 83.3% 373.3% 429.4%
Minimum -66.9% -79.9% -78.3% -73.4% -66.6% -73.4% -84.8% -68.6%
Count 1254 1245 1235 1227 1214 1212 1206 1196
Standard Deviation 20.41% 20.11% 16.57% 18.53% 23.38% 17.18% 28.54% 34.02%
Kurtosis 11.476 36.747 1.3531 5.5473 121.78 2.3497 30.449 29.183
Raw Skewness 0.0134 0.0277 -0.0016 0.0052 0.0901 0.0007 0.0771 0.148
Relative Skewness 1.5764 3.4003 -0.3602 0.8105 7.047 0.1397 3.3167 3.7582
Z-Score 22.79 48.981 -5.168 11.59 100.24 1.9856 47.023 53.061
P-Value 0 0 2E-07 0 0 0.0471 0 0
Percent Above Mean 49.84% 49.24% 53.68% 51.34% 46.05% 53.55% 40.55% 34.70%
Number above mean 625 613 663 630 559 649 489 415
Percent above Value 59.33% 42.09% 46.64% 37.98% 40.94% 52.81% 40.38% 56.86%
Number above Value 744 524 576 466 497 640 487 680
Percent above Equal 47.37% 43.86% 45.75% 45.40% 41.19% 48.51% 48.09% 45.07%
Number above Equal 594 546 565 557 500 588 580 539

Dec-02 All IPOs
Mean -7.96% 1.26%
Median -6.90%
Mode 0.00%
Maximum 113.5%
Minimum -69.7%
Count 1189
Standard Deviation 17.03%
Kurtosis 4.8123
Raw Skewness 0.0027
Relative Skewness 0.5544
Z-Score 7.8042
P-Value 6E-15
Percent Above Mean 52.48%
Number above mean 624
Percent above Value 45.42%
Number above Value 540
Percent above Equal 41.30%
Number above Equal 491
 



 156

252 months are significantly positively skewed. Hypothesis 1 is supported by the 88% of 

individual cross-sectional calendar months being positively significantly skewed 

compared to only 2.4% (6) being negatively significantly skewed. The year 1980 is left 

out due to the small number of IPOs available (less than 17 monthly returns) during the 

year. 

 

4.2.3 IPO Cross-Sectional Distributions by Calendar year 

        The individual cross-sectional calendar months are now segregated by the year the 

IPO went public. The positive skewness cross-sectional by year is evaluated for each 

calendar year from 1980 to 1999. Out of the 3,000 months available, 1,563 (52.1%) are 

significantly positively skewed showing support for Hypothesis I. The results do show a 

wide difference between individual years. Table 4.13 presents these results with the 

average monthly return for the year included.  

 

4.3 Comparisons of the Cross-Sectional IPO Return Distributions versus the Market 

 This section will now examine whether or not the cross-sectional IPO return 

distribution is significantly different from the return distribution for the market. The 

return distribution for individual cross-sectional calendar months is defined as all IPOs in 

the sample that have a monthly return available for the calendar month tested. The market 

is all available NYSE, AMEX and NASDAQ monthly returns on CRSP available for the 

calendar month tested. In Table 4.14, the compiled results from the t-test assuming 

unequal variances and the f-test for variances are presented. The number of individual 

calendar months with at least either the mean or the variance statistically significantly 
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different is 223 (84.5%).  The number of months with both significantly different is 111 

(42.1%).  The significantly different number of monthly means is 156 (59.1%). The 

significantly different number of variances is 178 (67.4%). These results show that the 

distributions of IPOs and the market are significantly different supporting Hypothesis II.  

Table 4.13. Cross-Sectional Monthly Distributions 
 
This table summarizes the cross-sectional monthly return data segregated by the year in 
which the IPO went public. An evaluation is then made as to the level of positive 
skewness cross-sectionally, that is present in the monthly returns for IPOs, which share a 
common IPO calendar year. The number of months, the number of positive skewed 
months, the percent of positive skewed months and the average monthly return for all 
available months for each year is presented. The sample is comprised of 2,537 initial 
public offerings in 1980-1999 meeting the following criteria: (1) identified as an initial 
public offering by TFSD, (2) the IPO has at least the first 36 months returns on CRSP, (3) 
the IPO has at least the first three years of balance sheet information on RI, (4) the 
company is listed on CRSP within 30days of the offer date, and (5) ADRs, banks, other 
depository institutions, and funds are eliminated from the sample. 

Year IPO Number of Number of  Percent of  Average return 
Went Public Months Positive Skewed Positive Skewed for the Year with 

    Months Months All Months Included 
1980 264 19 7.20% 0.835% 
1981 252 102 40.48% 1.137% 
1982 240 65 27.08% 1.168% 
1983 228 168 73.68% 1.048% 
1984 216 100 46.30% 1.665% 
1985 204 92 45.10% 1.180% 
1986 192 137 71.35% 1.421% 
1987 180 117 65.00% 1.355% 
1988 168 78 46.43% 1.485% 
1989 156 72 46.15% 1.281% 
1990 144 83 57.64% 1.768% 
1991 132 89 67.42% 1.485% 
1992 120 78 65.00% 1.406% 
1993 108 82 75.93% 1.377% 
1994 96 67 69.79% 1.130% 
1995 84 58 69.05% 1.580% 
1996 72 56 77.78% 1.267% 
1997 60 48 80.00% 1.071% 
1998 48 31 64.58% 1.409% 
1999 36 21 58.33% 0.050% 
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Table 4.14. Cross-Sectional Comparisons of Individual Months versus the market 
 
This table presents the compiled comparisons of the average return distributional 
characteristics for the cross-sectional monthly IPO returns and a CRSP equal weighted 
return for all available stocks in the calendar month for comparison. A t-test for the 
means assuming unequal variances and an f-test for the variances compared the two 
distributions. The number and percent that are significantly different in the 264 calendar 
months is reported. 

 Means Variance 
Mean and 
Variance Mean or Variance

 Significantly Significantly Significantly Significantly 
 Different Different Different Different 
Number 156 178 111 223 
Percent 59.09% 67.42% 42.05% 84.47% 
 

4.4 Comparisons of the Event Time IPO Distributions versus the Market 

 Event time distributions for IPO returns refers to the matching of all IPOs first 

month public regardless of the actual calendar time the IPO went public. The first month 

is the first publicly traded month for an IPO which could be any month in the sample 

period from April 1980 to December 1999. The cumulative event time series returns 

range from the first year to the 20th year. The market is proxied by both the value and 

equally weighted CRSP indices. These returns are matched with the corresponding 

returns of the IPOs. Each IPO return and the matching corresponding market return is 

aligned so that the first month public for all IPOs is matched up. The cumulative returns 

for years 1 to 20 are calculated for both the IPOs and markets. 

 The comparison of the yearly event time IPO returns distributions and the 

matched market returns will be presented in four sub-sections. The first sub-section will 

present the cumulative event time IPO returns without failures versus the cumulative 

matched value weighted market returns. The second sub-section will present the 

cumulative event time IPO returns without failures versus the cumulative equally  
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weighted market returns. The third sub-sections will present the cumulative event time 

IPO returns with failures versus the cumulative matched value weighted market returns. 

The last sub-section will present the cumulative event time IPO returns with failures 

versus the cumulative matched equally weighted market returns. 

 

       4.4.1 Cumulative Event Time IPO Returns without Failures Versus the  

Cumulative Matched Value Weighted Market Returns 

 In previous literature, the comparison of the matched cumulative value weighted 

market return and the cumulative IPO has consistently shown over the three and five year 

horizon that IPOs are poor investments.  In this research, the poor performance of IPOs is 

demonstrated in these investment horizons. The average cumulative return per IPO was 

40% in Table 4.15, as compared to the matched market of 54.1% in the three year 

horizon. The difference is statistically significant at the 1% level. The average cumulative 

return per IPO was 80.4%, compared to the matched market of 105.3%. The difference is 

statistically significant at the 1% level. These results support Hypothesis II. 

        The difference is statistically significant at the 1% level. In Table 4.16, the 

comparisons are made up to twenty years. The results tend to show that there is a 

difference between the cumulative IPO returns and cumulative matched market 

supporting Hypothesis II.  

 Table 4.16 repeats the comparison of IPO returns with the market. The equally 

weighted cumulative return is now calculated. A reversal of the literature results with 

value weighted market returns is observed with equally weighted returns.  The three year  
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cumulative return is 40% for IPOs and 39.8% for the matched equally weighted return. 

The difference is not statistically significant. For five year investment horizon, the 

cumulative return is 80.4% for IPOs compared to 74.9% for the equally weighted market. 

With the matched equally weighted market, the difference is not statistically significant.  

In numerical values, the cumulative IPO returns are higher. The IPOs do not appear to be 

as poor of investments if they are compared to the equally weighted index for the three 

and five year investment horizons typically reported in the literature. The table reports 

Table 4.15. Comparisons between the Cumulative Returns and Matched Market Returns 
 
This table presents the comparison between the cumulative IPO returns and the 
cumulative matched value weighted market return for up to 20 years. Descriptive 
statistics will be present for both the cumulative IPO returns and the cumulative matched 
market returns. The matched market returns are matched with the initial month the IPO 
went public and then carried forward. The first year could be for any particular IPO and 
matched market could be any year in the sample period of 1980 to 1999. The cumulative 
returns distribution comparison of means (t-test) and variances (f-test) will be presented. 
IPO Returns 1 2 3 4 5 6 7 
Mean 1.140 1.309 1.400 1.656 1.804 2.129 2.605 
Standard Deviation 0.846 1.682 2.280 3.026 3.151 5.555 6.629 
Count 2537 2537 2537 2190 1843 1507 1194 
Relative Skewness 3.831 8.459 9.030 9.534 6.428 19.486 12.791 
Z-score 78.777 173.932 185.691 182.140 112.664 308.821 180.445 
P-value 0 0 0 0 0 0 0 
        
        
Value Index 1 2 3 4 5 6 7 
Mean 1.140 1.333 1.541 1.822 2.053 2.382 2.663 
Standard Deviation 0.135 0.206 0.322 0.390 0.472 0.531 0.565 
Count 2537 2537 2537 2190 1843 1507 1194 
Relative Skewness 0.021 -0.087 -0.406 -0.026 0.215 -0.030 0.012 
Z-score 0.429 -1.779 -8.358 -0.499 3.774 -0.468 0.164 
P-value 0.668 0.075 0 0.618 0 0.640 0.870 
        
        
t-test for Means  (-0.0198)  (-0.718)  (-3.1)***  (-2.6)***  (-3.35)***  (-1.76)**  (-0.300) 
f-test for Variances  (39)***  (66.4)***  (50.1)***  (60.1)***  (44.57)***  (109)***  (137)***
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Table 4.15. Continued. 
IPO Returns 8 9 10 11 12 13 14
Mean 3.026 3.872 5.999 6.184 7.608 8.280 12.400
Standard Deviation 7.647 12.620 35.518 26.032 33.406 34.054 54.684
Count 1011 831 650 514 407 343 294
Relative Skewness 10.621 17.092 19.434 10.816 10.653 10.117 8.663
Z-score 137.866 201.143 202.279 100.113 87.743 76.491 60.642
P-value 0 0 0 0 0 0 0
        
        
Value Index 8 9 10 11 12 13 14
Mean 2.943 3.199 3.678 4.246 5.141 6.008 7.087
Standard Deviation 0.595 0.646 0.620 0.779 0.762 0.998 1.315
Count 1011 831 650 514 407 343 294
Relative Skewness 0.410 0.359 0.562 -0.041 -0.061 -0.667 -0.415
Z-score 5.318 4.222 5.851 -0.375 -0.506 -5.044 -2.905
P-value 0 0 0 0.707 0.613 0 0.004
        
        
t-test for Means  (0.344)  (1.54)**  (1.67)**  (1.69)**  (1.49)*  1.235  1.67** 
f-test for Variances  165***  382***  3279***  1117***  1921***  1163***  1729*** 
        
        
        
IPO Returns 15 16 17 18 19 20  
Mean 10.671 14.139 18.581 27.774 37.433 55.223  
Standard Deviation 35.215 47.723 73.952 138.972 181.530 196.844  
Count 248 202 136 100 75 33  
Relative Skewness 7.503 7.526 8.466 8.853 8.250 5.473  
Z-score 48.239 43.670 40.308 36.141 29.167 12.835  
P-value 0 0 0 0 0 0  
        
        
Value Index 15 16 17 18 19 20  
Mean 7.755 9.086 11.248 11.563 11.939 13.485  
Standard Deviation 2.032 2.657 2.451 3.081 4.465 2.587  
Count 248 202 136 100 75 33  
Relative Skewness -0.137 -0.358 -0.559 0.850 0.299 0.479  
Z-score -0.878 -2.077 -2.660 3.468 1.057 1.123  
P-value 0.380 0.038 0.008 0.001 0.290 0.261  
        
        
t-test for Means  (1.30)*  (1.50)*  (1.156)  (1.166)  (1.216)  (1.218)  
f-test for Variances  300***  322***  910***  2035***  (653***  5789***  



 162

 results out to twenty years. The means become statistically different at 7 years. The 

variances are always significantly different. The significant difference supports 

Hypothesis II. 

The survivorship bias in IPOs can potentially cause the average return presented 

in previous literature to overstate the return that investors can receive because only 

surviving firms are used to compute the average. The bankrupt firms are not included in 

the average causing it to be higher than it should be. The five-year investment horizon 

Table 4.16. Comparisons between the Cumulative Returns and Matched Market Returns 
 
This table presents the comparison between the cumulative IPO returns and the 
cumulative matched equally weighted market return for up to 20 years. Descriptive 
statistics will be present for both the cumulative IPO returns and the cumulative matched 
market returns. The matched market returns are matched with the initial month the IPO 
went public and then carried forward. The first year could be for any particular IPO and 
matched market could be any year in the sample period of 1980 to 1999. The cumulative 
returns distribution comparison of means (t-test) and variances (f-test) will be presented. 
IPO Returns 1 2 3 4 5 6 7
Mean 1.140 1.309 1.400 1.656 1.804 2.129 2.605
Standard Deviation 0.846 1.682 2.280 3.026 3.151 5.555 6.629
Count 2537 2537 2537 2190 1843 1507 1194
Relative Skewness 3.831 8.459 9.030 9.534 6.428 19.486 12.791
Z-score 78.777 173.932 185.691 182.140 112.664 308.821 180.445
P-value 0 0 0 0 0 0 0
        
        
Equal Index 1 2 3 4 5 6 7
Mean 1.103 1.261 1.398 1.584 1.749 1.981 2.192
Standard Deviation 0.172 0.192 0.237 0.314 0.411 0.444 0.550
Count 2537 2537 2537 2190 1843 1507 1194
Relative Skewness 0.350 0.211 0.355 -0.405 0.316 0.323 0.220
Z-score 7.192 4.335 7.301 -7.744 5.533 5.115 3.099
P-value 6.42E-13 1.46E-05 2.88E-13 9.77E-15 3.15E-08 3.14E-07 0.00194
        
        
t-test for Means  (2.14)**  (1.411)*  (0.041)  (1.096)  (0.738)  (1.032)  2.14** 
f-test for Variances  24.33***  76.52***  92.23***  93.1***  58***  156***  145***
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Table 4.16. Continued. 
IPO Returns 8 9 10 11 12 13 14
Mean 3.026 3.872 5.999 6.184 7.608 8.280 12.400
Standard Deviation 7.647 12.620 35.518 26.032 33.406 34.054 54.684
Count 1011 831 650 514 407 343 294
Relative Skewness 10.621 17.092 19.434 10.816 10.653 10.117 8.663
Z-score 137.866 201.143 202.279 100.113 87.743 76.491 60.642
P-value 0 0 0 0 0 0 0
        
        
Equal Index 8 9 10 11 12 13 14
Mean 2.452 2.677 3.046 3.385 3.723 4.165 4.710
Standard Deviation 0.574 0.620 0.595 0.617 0.627 0.533 0.609
Count 1011 831 650 514 407 343 294
Relative Skewness 0.234 0.787 0.841 -0.002 0.397 0.544 0.623
Z-score 3.038 9.257 8.753 -0.015 3.272 4.116 4.359
P-value 0.00238 0 0 0.987864 0.001069 3.85E-05 1.31E-05
        
        
t-test for Means  2.3***  2.73***  2.12**  2.44*** 2.35***  2.24**  2.41*** 
f-test for Variances  177***  414***  3566***  1781*** 2842***  4085***  8076*** 
        
        
        
IPO Returns 15 16 17 18 19 20  
Mean 10.671 14.139 18.581 27.774 37.433 55.223  
Standard Deviation 35.215 47.723 73.952 138.972 181.530 196.844  
Count 248 202 136 100 75 33  
Relative Skewness 7.503 7.526 8.466 8.853 8.250 5.473  
Z-score 48.239 43.670 40.308 36.141 29.167 12.835  
P-value 0 0 0 0 0 0  
        
        
Equal Index 15 16 17 18 19 20  
Mean 5.048 5.663 6.688 7.041 7.880 9.650  
Standard Deviation 0.953 1.132 1.118 1.661 2.537 1.514  
Count 248 202 136 100 75 33  
Relative Skewness 0.516 1.214 0.608 1.518 0.237 1.441  
Z-score 3.316 7.043 2.896 6.197 0.836 3.380  
P-value 0.00091 1.9E-12 0.003775 5.77E-10 0.403044 0.000725  
        
        
t-test for Means  2.5***  (2.52)***  (1.88)**  (1.49)*  (1.41)*  (1.33)*  
f-test for Variances  1365**  1776***  4377***  6996***  5120***  16905***  
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 comparison has shown that cumulative IPO returns when compared to matched value 

weighted market returns are significantly lower. With survivorship bias causing the mean 

to be higher than it would be, the difference in means is actually more significant. In 

Table 4.17, the cumulative IPO returns with failures are compared to the matched value 

weighted market. The five year cumulative return for IPOs with failures drops to 61.6% 

compared to 104.2% for the cumulative matched value weighted returns. The difference 

is statistically significant at the 1% level. In the twenty year horizon the cumulative value 

Table 4.17. Cumulative Comparisons with Failures Included 
 
This table presents the comparison between the cumulative IPO returns with failures and 
the cumulative matched value weighted market return for up to 20 years. This sample 
includes the surviving IPOs that had returns for each event time year plus the IPOS 
deemed as failures. In this sample, there are 494 IPOS considered failures. To be 
considered a failure, the IPO must be delisted with less than 20% of the original first 
day’s price (cumulative loss of at least 80%).  Descriptive statistics will be present for 
both the cumulative IPO returns and the cumulative matched market returns. The 
matched market returns are matched with the initial month the IPO went public and then 
carried forward.  
IPO Returns 1 2 3 4 5 6 7
Mean 1.140 1.309 1.400 1.575 1.616 1.856 2.131
Standard Deviation 0.846 1.682 2.280 2.937 2.984 5.212 6.056
Count 2537 2537 2537 2270 2012 1731 1458
Relative Skewness 3.831 8.459 9.030 10.027 6.970 20.676 13.946
Z-score 78.777 173.932 185.691 195.026 127.628 351.190 217.393
P-value 0 0 0 0 0 0 0
        
        
Value Index 1 2 3 4 5 6 7
Mean 1.140 1.333 1.540 1.819 2.042 2.376 2.656
Standard Deviation 0.136 0.206 0.322 0.391 0.478 0.542 0.564
Count 2537 2537 2537 2270 2012 1731 1458
Relative Skewness 0.021 -0.086 -0.407 -0.007 0.172 -0.014 0.009
Z-score 0.427 -1.764 -8.364 -0.137 3.152 -0.237 0.134
P-value 0.669 0.078 0.000 0.891 0.002 0.813 0.893
        
        
t-test for Means  -0.11  -0.716  -3.1***  -3.9***  -6.3***  -4.1***  -3.2*** 
f-test for Variances  39***  66***  50***  56***  38***  92***  115*** 
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Table 4.17. Continued. 
IPO Returns 8 9 10 11 12 13 14
Mean 2.296 2.930 4.152 4.400 5.193 5.021 7.372
Standard Deviation 6.078 11.125 29.820 22.231 27.815 26.933 42.804
Count 1274 1089 880 715 596 544 489
Relative Skewness 11.698 19.264 24.041 12.701 12.830 13.106 11.162
Z-score 170.461 259.532 291.153 138.653 127.870 124.798 100.770
P-value 0 0 0 0 0 0 0
        
        
Value Index 8 9 10 11 12 13 14
Mean 2.930 3.179 3.641 4.241 5.143 5.985 7.002
Standard Deviation 0.591 0.634 0.610 0.763 0.746 1.005 1.354
Count 1274 1089 880 715 596 544 489
Relative Skewness 0.446 0.364 0.510 -0.029 0.138 -0.681 -0.425
Z-score 6.499 4.898 6.181 -0.319 1.374 -6.487 -3.838
P-value 8.15E-11 9.69E-07 6.39E-10 0.749 0.169 8.82E-11 0.0001
        
        
t-test for Means  -3.7***  -0.737  0.508  0.191  0.044  -0.834  0.191 
f-test for Variances  105***  308***  2392***  847***  1391***  718***  1000*** 
        
        
        
IPO Returns 15 16 17 18 19 20  
Mean 6.031 7.331 9.395 12.782 16.226 9.527  
Standard Deviation 26.960 35.329 53.399 95.770 120.512 25.334  
Count 439 374 268 214 173 75  
Relative Skewness 9.894 10.455 11.791 12.902 12.468 3.288  
Z-score 84.630 82.546 78.805 77.053 66.950 11.625  
P-value 0 0 0 0 0 0  
        
        
Value Index 15 16 17 18 19 20  
Mean 7.419 7.806 7.672 11.115 11.208 13.968  
Standard Deviation 2.300 3.532 5.275 3.176 4.877 2.429  
Count 439 374 268 214 173 75  
Relative Skewness -0.818 -0.608 -0.269 0.237 -0.001 0.313  
Z-score -6.994 -4.798 -1.801 1.413 -0.007 1.108  
P-value 2.69E-12 1.61E-06 0.072 0.158 0.995 0.26783  
        
        
t-test for Means  (-1.075)  (-0.259)  (0.526)  (0.255)  (0.547)  (-1.511)*  
f-test for Variances  137***  100***  102***  909***  610***  108***  
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 of IPOs goes from 55.22 to 9.53. The twenty year value weighted value wealth is 13.97. 

These results show that an investor would have been better off with the average return for 

the value weighted index than the average return for IPOs with failures included. The 

risk- return trade off of mean and variance does not make IPOs look like a very viable 

investment on average. Hypothesis II is again supported by the difference between the 

cumulative value weighted index and the cumulative IPOs. 

The cumulative IPO returns with failure are compared with matched equally 

Table 4.18. Cumulative Comparisons with Failures Included 
 
This table presents the comparison between the cumulative IPO returns with failures and 
the cumulative matched equally weighted market return for up to 20 years. This sample 
includes the surviving IPOs that had returns for each event time year plus the IPOS 
deemed as failures. In this sample, there are 494 IPOS considered failures. To be 
considered a failure, the IPO must be delisted with less than 20% of the original first 
day’s price (cumulative loss of at least 80%).  Descriptive statistics will be present for 
both the cumulative IPO returns and the cumulative matched market returns. The 
matched market returns are matched with the initial month the IPO went public and then 
carried forward.  
IPO Returns 1 2 3 4 5 6 7
Mean 1.140 1.309 1.400 1.575 1.616 1.856 2.131
Standard Deviation 0.846 1.682 2.280 2.937 2.984 5.212 6.056
Count 2537 2537 2537 2270 2012 1731 1458
Relative Skewness 3.831 8.459 9.030 10.027 6.970 20.676 13.946
Z-score 78.777 173.932 185.691 195.026 127.628 351.190 217.393
P-value 0 0 0 0 0 0 0
        
        
Equal Index 1 2 3 4 5 6 7
Mean 1.103 1.261 1.398 1.595 1.746 1.977 2.178
Standard Deviation 0.172 0.192 0.237 0.311 0.406 0.446 0.543
Count 2537 2537 2537 2270 2012 1731 1458
Relative Skewness 0.351 0.211 0.356 -0.453 0.351 0.319 0.184
Z-score 7.210 4.332 7.316 -8.820 6.431 5.417 2.864
P-value 5.6E-13 1.48E-05 2.58E-13 0 1.28E-10 6.07E-08 0.0042
        
        
t-test for Means 2.14**  1.41*  0.043  -0.314  -1.94**  -0.958  -0.293 
f-test for Variances  24.3***  76.4***  92.2***  89.3***  54.1***  136***  124***
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Table 4.18. Continued. 
IPO Returns 8 9 10 11 12 13 14
Mean 2.296 2.930 4.152 4.400 5.193 5.021 7.372
Standard Deviation 6.078 11.125 29.820 22.231 27.815 26.933 42.804
Count 1274 1089 880 715 596 544 489
Relative Skewness 11.698 19.264 24.041 12.701 12.830 13.106 11.162
Z-score 170.46 259.532 291.153 138.653 127.870 124.798 100.770
P-value 0 0 0 0 0 0 0
        
        
Equal Index 8 9 10 11 12 13 14
Mean 2.440 2.670 3.022 3.346 3.690 4.168 4.661
Standard Deviation 0.573 0.616 0.568 0.607 0.623 0.531 0.588
Count 1274 1089 880 715 596 544 489
Relative Skewness 0.251 0.752 0.842 0.015 0.433 0.551 0.623
Z-score 3.659 10.133 10.196 0.163 4.320 5.245 5.624
P-value 0.0003 0 0 0.8705 1.5E-05 1.57E-07 1.87E-08
        
        
t-test for Means  -0.841  0.772  1.124  1.267  1.319*  0.738  1.401* 
f-test for Variances  112**  326***  2757***  1340***  1996***  2570***  5292*** 
        
        
        
IPO Returns 15 16 17 18 19 20  
Mean 6.031 7.331 9.395 12.782 16.226 9.527  
Standard Deviation 26.960 35.329 53.399 95.770 120.512 25.334  
Count 439 374 268 214 173 75  
Relative Skewness 9.894 10.455 11.791 12.902 12.468 3.288  
Z-score 84.630 82.546 78.805 77.053 66.950 11.625  
P-value 0 0 0 0 0 0  
        
        
Equal Index 15 16 17 18 19 20  
Mean 5.040 5.639 6.620 6.528 6.824 8.614  
Standard Deviation 0.922 1.089 1.107 1.565 2.704 2.974  
Count 439 374 268 214 173 75  
Relative Skewness 0.488 1.115 0.570 -0.825 -0.449 -1.752  
Z-score 4.171 8.807 3.808 -4.925 -2.413 -6.194  
P-value 3E-05 0 0.0001 8.43E-07 0.01583 5.89E-10  
        
        
t-test for Means  0.769  (0.178)  (0.850)  (0.955)  (1.026)  (0.310)  
f-test for Variances  854**  1053***  2326***  3744***  1986***  72.5***  
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 weighted market returns for up to 20 years in Table 4.18. In the five- year horizon, the 

61.6% return for IPOs is statistically significantly less than the 74.6% for the equal 

weighted cumulative returns. The result is different from Table 4.16 when there was no 

difference. Now, the equally weighted index is higher than the IPOs when failures are 

included. The IPOs cumulative return is insignificantly different at the twenty year 

horizon. The IPOs value is 9.53 compared to 8.61 for the equal weighted market. This 

shows that when failures are included in IPOs computations, the IPOs do not statistically 

return more than the market. The significant difference in variance does support 

Hypothesis II.  

In conclusion, the event time series return distributions with and without failures 

included do appear to be different than the matched market return distributions. The value 

weighted matched market means are slightly higher than the equal weighted matched 

market means. Overall, the matched market appears to be a better investment considering 

the trade off of risk (standard deviation) and return (average) given results presented in 

Tables 4.15, 4.16, 4.17 and 4.18. Many times the mean for the market is significantly 

higher than the IPOs.  

4.5 Asset Pricing Models 

 This section will present results for asset pricing model’s test on the monthly IPO 

returns. Portfolios are formed to test the asset pricing models. The rationale for 

employing portfolios rather than individual stocks is based upon the fact that betas and 

co-skewness for individual stocks tend to have larger measurement errors than when 

portfolios are used. Portfolios are formed based on: Scholes-Williams beta, beta then by 

gamma, book-to-market then by size, size then by book-to-market and size then by 
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gamma. Two types of regressions are ran to test Hypothesis II. First, cross-sectional 

regression using Kraus and Litzenburger’s (1976) methodology will be presented. 

Second, time series regressions using Fama and French’s (1993) methodology will be 

presented.  

4.5.1 Cross-Sectional Regression 

 Similar to Fama and Macbeth (1973) methodology, a cross-sectional test on the 

various asset- pricing models presented is used. Ordinary least squares estimates are 

made for b0, b1 and b2   for each month in the sample period of January 1985 to December 

2002.  For each individual calendar month, estimates for b0, b1 and b2 are obtained from a 

cross-sectional regression of rit on βit and γit. Thus, 216 individual estimates for b0, b1 and 

b2   are obtained using OLS regressions. Like KL (1976), rit   is excluded from the 

calculation of βit   and γit   to avoid a spurious correlation problem for month t leaving 215 

months for each of beta and gamma. The average of 216 estimates and t-test are reported 

in the regression tables. The estimate for βit   and γit    are:  

Βi = ∑t
s≠t ( rms – E(rm)) ( ris – E(ri)) /  ∑t ( rms – E(rm))2    (4.1) 

γit = ∑t
s≠t ( rms – E(rm))2 ( ris – E(ri)) / ∑t

s≠t ( rms – E(rm))3    (4.2) 

 

4.5.1.1 Cross-Sectional Regressions on Beta from  

Equally Weighted Market Index 

In Table 4.19, the regression of monthly IPO returns on KL betas are presented. 

25 portfolios are formed on beta using the CRSP equally weighted market index. The 

average value of the 216 individual monthly estimates with corresponding t-statistics is 

reported. Beta does not appear to be significant in the period or sub-periods. This could  
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be due to the wide variation in beta estimates obtained for different cross-sectional 

calendar months on the portfolios. Even when formed in portfolios, the estimates for b1, 

is positive some months and negative some months. With only beta as a variable, the KL 

beta does not seem to predict the returns of the 25 portfolios. The asset pricing model 

with only the equally weighted beta does not explain IPO returns.  

 

4.5.1.2 Cross-Sectional Regressions on Beta from 

Value-Weighted Market Index 

 Table 4.20 reports the average estimates for b0 and b1   when the 25 portfolios are 

formed beta based on the CRSP value weighted market index. The average of the 216 

cross-sections estimates for b1 is -0.00093 and not statistically significant. Beta is not 

significant in either sub-period. In panel C, the intercept is statistically significant. The 

KL beta does not predict the returns of the 25 portfolios using the value weighted index. 

The asset pricing model with only the value weighted beta does not explain IPO returns. 

With the results from Tables 4.19 and 4.20, beta does not seem to explain cross sectional 

IPO returns.  

4.5.1.3 Cross-Sectional Regressions on Beta and Gamma 

Portfolios formed on beta then by gamma using the CRSP equally weighted 

market index are used in the regressions of monthly returns using beta and gamma 

presented in Table 4.21. Gamma is not significant in the sample period or either sub-

period. Gamma is the average of the 216 estimates of the cross-sectional OLS regressions 

using KL beta and gammas. Beta is statistically significant in panel B at the  

5% level. In panel C, the intercept is statistically significant at the 1% level. With the 
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Table 4.19. Cross-Sectional Regressions of Monthly Returns on Beta for Portfolios  
       Formed on Beta Using Equally-Weighted Market Index: 
       January 1985 to December 2002 

  
 
Beta is calculated using the Kraus and Litzenburger methodology. The formula is: 
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Intercept     Beta     R2 

 

 
Panel A. 1985-2002 

 
 
0.008662    0.000198    .114 
(0.99879)    (0.027927) 
 

 
Panel B. 1985-1993 

 
 
-0.0054    0.009556    .075 
(-0.46955)    (1.04876) 
 
 

Panel C. 1994-2002 
 

 
0.02272    -0.009159    .154 
(1.76118)*    (-0.84196) 
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Table 4.20. Cross-Sectional Regressions of Monthly Returns on Beta For Portfolios  
       Formed on Beta Using Value-Weighted Market Index: 
       January 1985 to December 2002 

 
 
Beta is calculated using the Kraus and Litzenburger methodology. The formula is: 
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Intercept     Beta     R2 

 

 
Panel A. 1985-2002 

 
 
0.010001    -0.000929    .126 
(1.71804)*    (-0.17139) 
 

 
Panel B. 1985-1993 

 
 
0.00169    0.005547    .081 
(0.21191)    (0.801192) 
 
 

Panel C. 1994-2002 
 

 
0.018312    -0.007404    .172 
(2.169)**    (-0.88936) 
 



 173

Table 4.21. Cross-Sectional Regressions of Monthly Returns on Beta and Gamma For  
Portfolios Formed on Beta and Then Gamma Using Equally-Weighted                               
Market Index: January 1985 to December 2002 

 
 
Beta is calculated using the Kraus and Litzenburger methodology. The formula is: 
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Gamma is calculated using the Kraus and Litzenburger methodology. The formula is: 
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Intercept     Beta   Gamma   R2 

 

 
Panel A. 1985-2002 

 
 
0.003315   0.004194  -0.000284   .207 
(0.469301)   (0.724005)  (-0.091508) 
 

 
Panel B. 1985-1993 

 
 
-0.016128   0.015372  0.004887   .148 
(-1.952638)*   (2.395911)**  (1.627029) 
 
 

Panel C. 1994-2002 
 

 
0.022758   -0.006985  -0.005455   .266 
(2.875805)***   (-1.033612)  (-1.429499) 
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insignificance of beta and gamma, the KL model does not perform well in these cross-

sectional regressions.  

Table 4.22 reports the regressions of monthly returns on KL beta and gammas for 

portfolios formed on beta then by gamma using the CRSP value-weighted market index. 

Gamma is not significant in the sample period or sub-periods. Beta is significant only in 

the 1985-1993 sub-period. The t-statistics are calculated from the average of the 216 

estimates. 

The conclusion is that beta and gamma in the presented model do not predict the 

returns when portfolios are formed by beta or by beta then gamma in the cross-sectional 

regressions. Thus, the need for another model to explain IPO’s return is required. 

 

4.5.1.4 Cross-Sectional Regressions on Market Risk Premium, 

Size and Book-to-Market for Portfolios formed on Book-to-Market and then Size 

 In Table 4.23, portfolios are formed on book-to-market then by size like Fama 

and French’s methodology. The regression uses FF regression factors. The market risk 

premium factor (Rm-Rf) and size factor (SMB) do appear to be very important in IPO  

cross-sectional returns. The factors are statistically significant at the 1% level. The factor 

loading on the market risk premium factor is greater than one. These results means that 

the average portfolio beta estimate is greater than theoretical market beta of 1, so the 

average portfolio of IPOs has more systematic risk that the market.. The book-to-market 

factor (HML) is significant at the 10% level in the 1985-2002 period. The book-to-market 

factor does not seem to be as important when compared to the market risk premium  

factor and size factor. The intercept is not statistically significant. Table 4.23 shows that 
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Table 4.22. Cross-Sectional Regressions of Monthly Returns on Beta and Gamma for  
Portfolios Formed on Beta and Then Gamma Using Value-Weighted Market 
Index: January 1985 to December 2002 

 
 
Beta is calculated using the Kraus and Litzenburger methodology. The formula is: 
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Gamma is calculated using the Kraus and Litzenburger methodology. The formula is: 
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Intercept     Beta   Gamma   R2 

 

 
Panel A. 1985-2002 

 
 
0.002999   0.00297  0.001384   .199 
(0.381722)   (0.277889)  (0.108162) 
 

 
Panel B. 1985-1993 

 
 
-0.004258   0.023066  -0.010505   .143 
(-0.548001)   (2.145718)**  (-1.05147) 
 
 

Panel C. 1994-2002 
 

 
0.010256   -0.017126  0.013272   .256 
(1.061532)   (-1.321488)  (0.796671) 
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Table 4.23. Cross-Sectional Regressions of Monthly Returns on Beta, Size and Book- 
        to-Market For Portfolios Formed on Book-to Market and then Size Using  
        Value-Weighted Market Index: January 1985 to December 2002 

 
 
The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page.  Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
 
 
 
Intercept  Rm-Rf   SMB   HML  R2 

 

 
Panel A. 1985-2002 

 
 
0.00124  1.134342  1.236335  0.149584 .738 
(0.369962)  (38.8271)***  (23.31094)***  (2.033189)* 
 

 
Panel B. 1985-1993 

 
 
0.001426  1.036033  1.290172  -0.044047 .723 
(0.392476)  (38.46437)***  (26.86036)***  (-0.390884) 
 
 

Panel C. 1994-2002 
 

 
0.002046  1.193157  1.223152  0.194771 .767 
(0.628159)  (38..1205)***  (21.39064)***  (2.707012)** 
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in cross-sectional regression on the IPO portfolios the market risk premium and size 

factors do seem to explain IPO returns when portfolios are formed on book-to-market and 

then size. 

 

4.5.1.5 Cross-Sectional Regressions on Market Risk Premium, 

Size and Book-to-Market for Portfolios formed on Size and then Book-to-Market 

 Table 4.24 presents the regression of FF factors for portfolios formed on size then 

by book-to-market. The market risk premium factor (Rm-Rf) and size factor (SMB) are 

significant in the sample period and both sub-periods. These factors predict the IPO 

portfolio’s return. The book-to-market factor (HML) is significant at the 5% leveling in 

panel A and C. In the Table 4.24 and Table 4.25, the Fama and French three factor model 

does a good job in predicting the cross-sectional returns of IPOs. The r-squared values 

are above 70%. For cross sectional asset pricing models, the FF market risk premium and 

size factors do explain the IPO portfolio return when portfolios are formed on size then 

on book-to-market . 

 

4.5.1.6 Cross-Sectional Regressions on Market Risk Premium, 

Size and Book-to-Market for Portfolios formed on Beta and then Gamma 

 In Table 4.25, the market risk premium factor, size factor, book-to-market factor 

and Harvey and Siddique’s co-skewness factor are used in regression for portfolios 

formed on size then by gamma. The market risk premium factor (Rm-Rf) and size factor  

(SMB) are statistically significant in all periods. The book-to-market factor (HML) is 

statistically significant in the sample period and the 1994-2002 sub-period. The co- 



 178

Table 4.24. Cross-Sectional Regressions of Monthly Returns on Beta, Size and Book- 
        to-Market  For Portfolios Formed on Size and then Book-to-Market Using  
        Value-Weighted Market Index: January 1985 to December 2002 

 
 
The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
 
 
 
Intercept  Rm-Rf   SMB   HML  R2 

 

 
Panel A. 1985-2002 

 
 
0.001189  1.123153  1.222517  0.175777 .739 
(0.360541)  (44.85888)***  (25.89527)***  (2.252548)** 
 

 
Panel B. 1985-1993 

 
 
0.001214  1.035262  1.304999  -0.002791 .721 
(0.331264)  (40.78362)***  (24.42308)***  (-0.022176) 
 
 

Panel C. 1994-2002 
 

 
0.002115  1.172512  1.196303  0.213664 .773 
(0.674706)  (44.77358)***  (24.40131)***  (2.946677)*** 
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Table 4.25. Cross-Sectional Regressions of Monthly Returns on Beta, Size Book- 
to-Market and Skewness For Portfolios Formed on Size and then Gamma        
Using Value-Weighted Market Index: January 1985 to December 2002 

 
 
The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 
 
Intercept  Beta  SMB  HML  SKS  R2 

 

 
Panel A. 1985-2002 

 
 
0.000225  1.09857 1.21661 0.18314 -0.01976 .724 
(0.09403)  (30.710)*** (27.397)*** (2.6524)** (-0.6909)  
 

 
Panel B. 1985-1993 

 
 
0.000166  1.0244  1.28844 0.0226  0.016826 .700 
(0.06232)  (30.450)*** (23.833)*** (0.1853) (0.7982) 
 
 

Panel C. 1994-2002 
 

 
0.001527  1.04011 1.16977 0.10062 -0.19466 .779 
(0.66019)  (38.639)*** (26.339)*** (2.085)** (-2.365)** 
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skewness factor (SKD) is only statistically significant in the 1994-2002 sub-period. 

Unfortunately, SKD has the wrong sign in that sub-period.  

 

4.5.1.7 Cross-Sectional Regressions on Market Risk Premium, 

Size and Book-to-Market for Portfolios formed on Size and then Gamma 

 The KL gamma is added to FF factors for the regression on portfolios formed on 

size then by gamma. The market risk premium factor (Rm-Rf) and size factor (SMB) are 

statistically significant in Table 4.26. Book-to-market factor (HML) is significant at the 

10% level in the 1985-2002 period and the 1994-2002 sub-period. Gamma is statistically 

significant at the 1% level when added to the FF factors. The negative sign on gamma 

shows that investors are willing to trade return for co-skewness with the positively 

skewed market. The evidence gives support that KL co-skewness is important in the 

pricing of IPOs when the other factors are included in the regression.  The r-squares of 

the model improved slightly when gamma is included. 

 In summary, the Kraus and Litzenberger beta does not appear to be a factor in 

predicting IPO portfolio monthly returns. The Fama and French market risk premium and 

size factor are important factors. The book-to-market factor is predictive power in some 

IPO portfolio returns. The Harvey and Siddique co-skewness factor did not predict the 

IPO returns. The KL gamma was only significant when added to the FF factors. Gamma 

was significant and had the right sign when it was included with the market risk premium 

factor, size factor and the book-to-market factor. There is little support for co-skewness  

in predicting cross sectional IPO portfolio returns. The cross sectional results do not 
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Table 4.26. Cross-Sectional Regressions of Monthly Returns on Beta, Size Book- 
to-Market and Gamma For Portfolios Formed on Size and then Gamma 
Using Value-Weighted Market Index: January 1985 to December 2002 

 
 
The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 
 
Intercept  Beta  SMB  HML  Gamma R2 

 

 
Panel A. 1985-2002 

 
 
4.37704  0.77709 0.85792 0.14555 -3.30531 .749 
(12.671)***  (15.120)*** (16.215)*** (1.733)* (-13.094)***  
 

 
Panel B. 1985-1993 

 
 
5.17328  0.66326 0.85206 0.02250 -3.5951 .700 
(11.459)***  (14.377)*** (15.297)*** (0.1769) (-12.249)*** 
 
 

Panel C. 1994-2002 
 

 
3.95037  0.84939 0.86946 0.17042 -2.7442 .784 
(9.198) ***  (13.738)*** (12.530)*** (2.003)* (-9.511)*** 
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support Hypothesis III. The FF factors of market risk premium and size do seem to be 

important in cross sectional asset pricing models for IPOs. 

 

4.5.2 Time Series Regressions 

 Fama-French (1993) time series regression methodology was employed for all the 

time series regressions on the monthly IPO returns. The FF factors of market risk 

premium, size and book-to-market are provided by the data library available on the 

Kenneth French web site. The 1985 to 2002 sample period factor returns were pulled 

from this data research page. The Harvey and Siddique co-skewness factor is calculated 

from firms in the market returns. Twenty five portfolios are formed based on beta, beta 

then by gamma, size then by gamma, size then by book-to-market and book-to-market 

then by size. The eight models were used in time series regression for the five different 

ways the portfolios are formed. The following are the eight models: 

rit – rft = (rmt – rft) βi + εt         (4.3) 

rit – rft = (rmt – rft) βi + sSMBi +  εt        (4.4) 

rit – rft = (rmt – rft) βi + hHMLi + εt        (4.5) 

rit – rft = (rmt – rft) βi + bSKDi + εt        (4.6) 

rit – rft = (rmt – rft) βi + sSMBi + hHMLi + εt       (4.7) 

rit – rft = (rmt – rft) βi + sSMBi + bSKDi + εt       (4.8) 

rit – rft = (rmt – rft) βi + hHMLi + bSKDi + εt       (4.9) 

rit – rft = (rmt – rft) βi + sSMBi + hHMLi + bSKDi + εt     (4.10) 

where 

 rit = the monthly return on portfolio i 
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 rft= the 30 day treasury bill 

 rmt-rft = Fama and French’s market risk premium factor 

 SMB = Fama and French’s size factor 

 HML = Fama and French’s book-to-market factor 

 SKD = Harvey and Siddique’s co-skewness factor 

 

4.5.2.1 Time Series Regressions for Portfolios Formed on Value Weighted Beta 

 Panel A of Table 4.27 presents the time series regressions of the FF factors plus 

HS co-skewness factor on IPO returns. In six out of the eight models, the intercept is 

significant, but the sign is negative in two of the significant models. With the intercept 

being significant in six out of the eight models, an interpretation could be that the models 

are not fully explaining the portfolio returns. The market risk premium factor is 

significant in all eight regression models when the 25 portfolios are formed on beta. The 

size factor is significant in the all four models. The book-to-market is significant in the 

four models but the sign is negative in two models. When size is included, the book-to-

market factor has the right sign and is statistically significant. Without the size factor, the 

book-to-market factor becomes statistically significant with a negative sign. The co- 

skewness factor is significant in two models. The market risk premium and size factor are 

clearly important factors in IPO returns. These results show some support for the HS co-

skewness factor (SKD) as being important to IPO returns. When the market risk premium 

and size factors are included with co-skewness, the significance of co-skewness drops. 
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Table 4.27. Time Series Regressions of Monthly Returns on Beta, Size, Book-to- 
Market, Co-Skewness and Gamma Factors For Portfolios Formed on Beta 
Using Value-Weighted Market Index: January 1985 to December 2002 

 
 
The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 

Panel A. 1985-2002 
 
Intercept  Rm-Rf  SMB  HML  SKD        R2 

 
 
0.001427  1.1328        .434 
(1.7228)*  (64.343)*** 
 
0.002192  0.99868 1.09731     .627 
(3.2594)***  (68.809)*** (52.874)*** 
 
0.001793  1.09737   -0.1187   .437 
(2.1618)**  (58.133)***   (-5.119)*** 
 
0.001637  1.143075     0.047697 .435 
(1.96884)**  (63.571)***     (2.777)*** 
 
0.001533  1.05784 1.18106 0.2326    .637 
(2.3000)**  (69.673)*** (54.460)*** (11.800)*** 
 
0.002297  1.00398 1.09616   0.023894 .627 
(3.401)***  (67.664)*** (52.801)***   (1.7119)* 
 
0.002242  1.10527   -0.15009 0.07995 .439 
(2.687)***  (58.398)***   (-6.205)*** (4.469)*** 
 
0.001357  1.05454 1.18766 0.24680 -0.03113 .637 
(2.022)**  (69.125)*** (54.237)*** (11.871)*** (-2.141)** 
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Panel B. 1985-1993 
 

The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 

 
 
Intercept  Rm-Rf  SMB  HML  SKD      R2 

 
-0.00185  1.11411       .413 
(-1.5618)  (43.532)*** 
 
0.00059  0.97532 1.27049     .559 
(0.5742)  (43.027)*** (29.884)*** 
 
-0.001456  1.08939   -0.0983   .413 
(-1.2109)  (37.424)***   (-1.7799)* 
 
0.004933  1.16476     0.02348 .458 
(4.208) ***  (45.321)***     (1.0436) 
 
0.00017  1.00209 1.28509 0.11276   .560 
(0.1627)  (39.464)*** (29.929)*** (2.332)** 
 
0.004375  1.02601 1.02864   0.02730 .696 
(4.9829)***  (52.666)*** (45.967)***   (1.6203) 
 
0.005476  1.13131   -0.13745 0.05927 .463 
(4.675) ***  (42.870)***   (-5.156)*** (2.528)** 
 
0.003243  1.07567 1.14807 0.27023 -0.04263 .713 
(3.782)***  (55.672)*** (48.496)*** (12.735)*** (-2.470)** 
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Panel C. 1994-2002 
 

The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 

 
 
Intercept  Rm-Rf  SMB  HML  SKD   R2 

 
0.004757  1.1558        .458 
(4.10066)***  (47.721)*** 
 
0.00417  1.015598 1.02846     .696 
(4.7982)***  (55.204)*** (45.948)*** 
 
0.004991  1.115499   -0.1175   .462 
(4.31458)***  (43.467)***   (-4.6095)*** 
 
-0.00162  1.11859     0.11183 .416 
(-1.372)  (43.791)***     (4.054)*** 
 
0.0036   1.08721 1.14095 0.2536    .713 
(4.2555)***  (57.939)*** (48.511)*** (12.592)*** 
 
0.000621  0.97657 1.26606   0.01928 .559 
(0.6035)  (42.976)*** (29.526)***   (0.7969) 
 
-0.00087  1.07552   -0.1751 0.13655 .418 
(-0.7151)  (36.909)***   (-3.055)*** (4.7568)*** 
 
0.000178  1.00191 1.28441 0.11141 0.00221 .560 
(0.1701)  (39.322)*** (29.420)*** (2.193)** (0.0869) 
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The sub-period presented in panels B and C support the market risk premium and size 

factors as being very important factors in IPO returns in the sub-periods. The book-to-

market factor is statistically significant in all four models of panel B and C, but the sign 

reverses to a negative in two models in each sub-period. The co-skewness factor is 

significant in two models of panel B, but has a negative sign in one model. In panel C, 

co-skewness is significant in two models. This evidence shows that the co-skewness 

factor has some ability to predict the IPO portfolio returns in the sub-periods. 

 In conclusion, when the portfolios are formed on beta, the market risk factor and 

size factor are clearly important. The book-to- market factor is significant in all four 

models, but has the wrong sign in half the models. The co-skewness factor is significant 

when the size factor is not included. When the size factor is included, the co-skewness 

factor becomes insignificant. These results show little support for co-skewness. 

Hypothesis III is not supported when the portfolios are formed by beta. 

 

4.5.2.2 Time Series Regressions for Portfolios Formed on Beta and then Gamma 

 Table 4.28 presents the time series regressions for portfolios formed on beta then 

by gamma. The market risk premium and size factors are very important. They are 

statistically significant in all models. The book-to- market factor is statistically significant 

in all four of the models in panel A. The HML factor has a negative sign in two models.  

Again when size is not in the model, the book-to-market factor takes on the wrong sign. 

The co-skewness factor is significant in two models. When the size factor is included the 

significance of the co-skewness factor disappears. 

 Panel B and C present the sub-periods for the portfolios formed on beta then by  
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Table 4.28. Time Series Regressions of Monthly Returns on Beta, Size, Book-to- 
       Market, Co-Skewness and Gamma Factors or Portfolios Formed on Beta and 
       Then Gamma Using Value-Weighted Market Index: January 1985 to  
       December 2002 

 
 

The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 

 
Panel A. 1985-2002 

 
Intercept  Rm-Rf  SMB  HML  SKD   R2 

 
 
0.000375  1.1875        .440 
(0.4378)  (65.179)*** 
 
0.00117  1.04822 1.13982     .633 
(1.6843)*  (69.926)*** (53.176)*** 
 
0.000889  1.13789   -0.1663   .445 
(1.0371)  (58.367)***   (-6.947)*** 
 
0.000551  1.19614     0.04001 .441 
(0.6405)  (64.266)***     (2.250)** 
 
0.000622  1.09740 1.20945 0.1934    .639 
(0.8993)  (69.666)*** (53.753)*** (9.4572)*** 
 
0.001237  1.05161 1.13908   0.01527 .633 
(1.7729)*  (68.609)*** (53.114)***   (1.0594) 
 
0.001352  1.14606   -0.1988 0.08274 .447 
(1.5697)  (58.632)***   (-7.960)*** (4.478)*** 
 
0.000447  1.09412 1.21603 0.2075  -0.0310 .639 
(0.6413)  (69.124)*** (53.522)*** (9.6215)*** (-2.055)** 
 
  



 189

Panel B. 1985-1993 
 

The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 

 
 
Intercept  Rm-Rf  SMB  HML  SKD  R2 

 
-0.002074  1.15564       .479 
(-1.9363)*  (49.834)*** 
 
0.000382  1.01574 1.28057     .640 
(0.42706)  (51.520)*** (34.631)*** 
 
-0.001294  1.106289   -0.19614   .482 
(-1.1906)  (42.038)***   (-3.930)*** 
 
-0.00187  1.15966     0.10051 .482 
(-1.7487)*  (50.101)***     (4.021)*** 
 
0.000328  1.01917 1.28244 0.01444   .640 
(0.36125)  (46.100)*** (34.305)*** (0.3430) 
 
0.000393  1.01620 1.27896   0.00701 .640 
(0.4391)  (51.411)*** (34.290)***   (0.3332) 
 
-0.0007  1.09215   -0.2745 0.13927 .488 
(-0.6436)  (41.505)***   (-5.304)*** (5.372)*** 
 
0.000349  1.01874 1.28081 0.01119 0.00530 .640 
(0.3821)  (45.924)*** (33.697)*** (0.2530) (0.2395) 
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Panel C. 1994-2002 
 

The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 

 
 
Intercept  Rm-Rf  SMB  HML  SKD   R2 

 
0.002945  1.2212        .415 
(2.2047)**  (43.786)*** 
 
0.002327  1.07346 1.08408     .630 
(2.1899)**  (47.730)*** (39.618)*** 
 
0.003253  1.16833   -0.1542   .421 
(2.4447)**  (39.580)***   (-5.2613)*** 
 
0.003088  1.22850     0.01904 .416 
(2.2874)**  (41.505)***     (0.7349) 
 
0.001806  1.13891 1.18689 0.2317    .642 
(1.7238)*  (49.016)*** (40.755)*** (9.294)*** 
 
0.00250  1.08225 1.08423   0.02306 .631 
(2.3284)**  (45.431)*** (39.625)***   (1.1197) 
 
0.003784  1.18564   -0.1761 0.06489 .423 
(2.808)***  (39.057)***   (-5.7425)*** (2.407)** 
 
0.001462  1.12779 1.19374 0.247795 -0.04105 .642 
(1.3759)  (47.118)*** (40.705)*** (9.426)*** (-1.920)* 
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models. In panel B, the book-to-market factor is statistically significant in three models 

with a negative sign. Book-to-market factor is statistically significant in all four models 

but has a negative sign in two models in panel C. With out the size factor, the HML 

factor has the wrong sign. The co-skewness factor is significant at the 5% level in two 

models in panel B and C. With the size factor co-skewness becomes insignificant. This 

evidence shows little support for co-skewness in IPO returns when formed by beta then 

gamma. Hypothesis III is not supported due to the insignificance of co-skewness when 

size is included.  

 

4.5.2.3 Time Series Regressions for Portfolios Formed on Size and then Gamma 

 The time series regressions on portfolios formed by size then beta are presented in 

Table 4.29. Panel A presents all eight regressions for the whole sample period. The FF  

factors of  market risk premium and size are significant in all models. The book-to-

market factor is significant but the sign changes in two of the four models when size is 

not included. The co-skewness factor is significant in two models when size is not 

included.  

In Panel B, The market risk premium and size factors are significant in every model. The 

book-to-market factor is significant in two models but has a negative sign. Co-skewness 

is significant in two models when size is not included.  

 In Panel C, the FF factor of market risk premium and size are significant in all 

models. Book-to-market factor is significant in all four models, but the sign is negative in 

two models. Co-skewness factor is significant in two models. 
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Table 4.29. Time Series Regressions of Monthly Returns on Beta, Size, Book-to-Market,  
       Co-Skewness and Gamma Factors or Portfolios Formed on Size and  
       Then Gamma Using Value-Weighted Market Index: January 1985 to 
       December 2002 

 
 

The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 

 
Panel A. 1985-2002 

 
Intercept  Rm-Rf  SMB  HML  SKD  R2 

 
 
0.000049  1.19683       .446 
(0.0578)  (65.962)*** 
 
0.00085  1.05648 1.14855     .641 
(1.2366)  (71.212)*** (54.143)*** 
 
0.000571  1.14639   -0.1691   .451 
(0.6995)  (59.059)***   (-7.093)*** 
 
0.000232  1.20583     0.04166 .447 
(0.2712)  (65.056)***     (2.3526)** 
 
0.000303  1.10561 1.21811 0.1932    .647 
(0.4422)  (70.930)*** (54.711)*** (9.547)*** 
 
0.000923  1.06019 1.14775   0.01674 .641 
(1.3373)  (69.892)*** (54.078)***   (1.173) 
 
0.001049  1.15480   -0.20258 0.08519 .454 
(1.2227)  (59.343)***   (-8.146)*** (4.6312)*** 
 
0.000137  1.10251 1.22434 0.20658  -0.02931 .647 
(0.1985)  (70.389)*** (54.457)*** (9.678)*** (-1.964)** 
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Panel B. 1985-1993 
 

The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 

 
 
Intercept  Rm-Rf  SMB  HML  SKD  R2 

 
-0.0013   1.17853       .469 
(-1.1657)  (48.8207)*** 
 
0.001204  1.03592 1.30536     .626 
(1.2814)  (50.021)*** (33.606)*** 
 
-0.000436  1.12391   -0.21708   .472 
(-0.3858)  (41.042)***   (-4.180)*** 
 
-0.00111  1.18234     0.09522 .472 
(-0.9936)  (49.045)***     (3.658)*** 
 
0.001214  1.03526 1.30500 -0.00279   .626 
(1.2728)  (44.579)*** (33.232)*** (-0.0631) 
 
0.001203  1.03591 1.30541   -0.00021 .626 
(1.280)   (49.891)*** (33.318)***   (-0.0095) 
 
0.000147  1.11003   -0.29401 0.13674 .477 
(0.1302)  (40.515)***   (-5.457)*** (5.066)*** 
 
0.001215  1.03524 1.30493 -0.00294 0.000241 .626 
(1.2679)  (44.426)*** (32.682)*** (-0.0633) (0.9917) 
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Panel C. 1994-2002 
 

The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 

 
 
Intercept  Rm-Rf  SMB  HML  SKD  R2 

 
0.002638  1.23621       .443 
(2.0619)**  (46.286)*** 
 
0.002013  1.087068 1.09415     .670 
(2.0458)**  (52.187)*** (43.172)*** 
 
0.002955  1.18175   -0.1588   .449 
(2.3205)**  (41.841)***   (-5.6618)*** 
 
0.002773  1.24312     0.01808 .443 
(2.1452)**  (43.859)***     (0.7286) 
 
0.001496  1.152092 1.19628 0.23022   .682 
(1.5454)  (53.664)*** (44.458)*** (9.993)*** 
 
0.002179  1.09551 1.09429   0.22138 .671 
(2.192)**  (49.654)*** (43.180)***   (1.1604) 
 
0.003487  1.19913   -0.1808 0.06514 .450 
(2.7048)***  (41.288)***   (-6.161)*** (2.525)** 
 
0.001147  1.14081 1.20324 0.24651 -0.04164 .683 
(1.1684)  (51.592)*** (44.412)*** (10.151)*** (-2.108)** 
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With portfolios formed on size then gamma, the market risk premium and size factors are 

always significant. The book-to-market factor has the wrong sign when it is included in a 

model without the size factor. The co-skewness factor seems important when the size 

factor is not included. The size factor appears to encompass the significance of co-

skewness. With the insignificance of co-skewness when size is included, the models with 

portfolios formed on size and then gamma do not support Hypothesis III. 

 

4.5.2.4 Time Series Regressions for Portfolios Formed on Size and then Book-to-Market  

Table 4.30 presents the time series regression of IPO returns on portfolios formed 

on size then book-to-market. The market risk premium factors are statistically significant 

in all models. The book-to-market factor is significant in all four models with two having 

a negative sign when size in not included. The co-skewness factor is significant in two 

models when size is not included.  

Panel B presents the sub-period of 1985-1993. The market risk premium and size 

factors are significant in all models. The book-to-market factor is significant in two  

models but has a negative sign. The co-skewness factor is statistically significant in two 

models.  

 In panel C, the intercept is statistically significant in five models. The market risk 

premium and size factors is significant in all models. The book-to-market factor is  

significant in two models but the sign is negative on two models. The co-skewness factor 

is significant in two models. 

When portfolios are formed on size then book- to-market, the market risk premium and 

size factor are important in explaining returns. The book-to-market factor 
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Table 4.30. Time Series Regressions of Monthly Returns on Beta, Size, Book-to- 
       Market, Co-Skewness and Gamma Factors for Portfolios Formed on Size and  
       Then Book-to-Market Using Value-Weighted Market Index: January 1985 to 
       December 2002 

 
 

The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 

 
Panel A. 1985-2002 

 
Intercept  Rm-Rf  SMB  HML  SKD  R2 

 
 
0.000879  1.22011       .459 
(1.0372)  (67.733)*** 
 
0.001687  1.07845 1.15923     .656 
(2.4950)**  (73.897)*** (55.551)*** 
 
0.001459  1.16408   -0.1879   .466 
(1.7245)*  (60.474)***   (-7.9458)*** 
 
0.001031  1.22757     0.03452 .460 
(1.2115)  (66.699)***     (1.9632)** 
 
0.001189  1.12315 1.22252 0.1758    .661 
(1.7646)*  (73.159)*** (55.750)*** (8.819)*** 
 
0.001728  1.08053 1.15888   0.00936 .656 
(2.545)**  (72.406)*** (55.497)***   (0.6665) 
 
0.001917  1.17215   -0.21998 0.08179 .468 
(2.254)**  (60.735)***   (-8.919)*** (4.4833)*** 
 
0.001002  1.11964 1.22956 0.19092  -0.03321 .661 
(1.4755)  (72.586)*** (55.533)*** (9.082)*** (-2.2590)** 
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Panel B. 1985-1993 
 

The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 

 
 
Intercept  Rm-Rf  SMB  HML  SKD  R2 

 
 
-0.002392  1.158812       .455 
(-2.1186)**  (47.423)*** 
 
0.000073  1.01843 1.28502     .607 
(0.0761)  (48.039)*** (32.317)*** 
 
-0.001644  1.11155   -0.18785   .457 
(-1.435)  (40.064)***   (-3.570)*** 
 
-0.00217  1.16317     0.10888 .458 
(-1.9264)*  (47.699)***     (4.134)*** 
 
-0.000015  1.02405 1.28808 0.02366   .607 
(-0.0154)  (43.078)*** (32.044)*** (0.5226) 
 
0.000097  1.01942 1.28153   0.01519 .607 
(0.10115)  (47.965)*** (31.954)***   (0.6714) 
 
-0.00102  1.09661   -0.2706 0.14708 .463 
(-0.8870)  (39.531)***   (-4.960)*** (5.382)*** 
 
0.000034  1.02302 1.28414 0.01583 0.01276 .607 
(0.0351)  (42.891)*** (31.421)*** (0.3328) (0.5369) 
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Panel C. 1994-2002 
 

The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 

 
 
Intercept  Rm-Rf  SMB  HML  SKD  R2 

 
0.003224  1.26231       .455 
(2.528)**  (47.424)*** 
 
0.002595  1.11216 1.10151     .682 
(2.665)***  (53.955)*** (43.922)*** 
 
0.003573  1.20217   -0.1754   .462 
(2.820)***  (42.766)***   (-6.282)*** 
 
0.003337  1.26808     0.01509 .455 
(2.590)***  (44.890)***     (0.6103) 
 
0.002115  1.17251 1.19630 0.21366   .692 
(2.203)***  (55.069)*** (44.828)*** (9.351)*** 
 
0.002739  1.11948 1.10164   0.01918 .682 
(2.783)***  (51.272)*** (43.926)***   (1.0158) 
 
0.004118  1.21993   -0.19781 0.06660 .464 
(3.209)***  (42.207)***   (-6.775)*** (2.594)*** 
 
0.001778  1.16163 1.20301 0.22937 -0.04017 .693 
(1.827)*  (52.968)*** (44.771)*** (9.523)** (-2.050)** 
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takes on the wrong sign when the size factor is not included. The co-skewness factor is 

only significant when the size factor is not included. The models show little support for 

Hypothesis III because of the insignificance when size is included. 

 

4.5.2.5 Time Series Regressions for Portfolios Formed on Book-to-Market and then Size 

 In Table 4.31, the time series regression on portfolios formed on book-to-market 

and then size is presented. The intercept is significant in four models with two hving a 

negative sign. The market risk premium and size factors are significant in all models. The 

book-to-market factor is significant in all four models, with two models having a negative 

sign when size is not included. The co-skewness factor is significant in two models when 

size is not included.. 

 In panel B, the market risk premium factor is significant in all models. The 

size factor is significant in all four models. The book-to-market factor is significant in 

two models, but has a negative sign. The co-skewness factor is significant in two models. 

In panel C, the intercept is significant in seven models. The market risk premium factor is 

significant in all eight models. The size factor is significant in all four models. The book-

to-market factor is significant in all four models, but has a negative in two models. The 

co-skewness factor is significant in one model. 

In conclusion, the market risk premium factor and size factor are clearly the two 

factors that predict the IPO portfolio returns very well. When looking at an asset pricing  

model for IPO returns, the FF factors of market risk premium and size appear to be the 

factors needed to explain the returns. In all models, these two factors were statistically 

significant at the 1% level. The estimate on the market risk premium was greater than one 
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Table 4.31. Time Series Regressions of Monthly Returns on Beta, Size, Book-to- 
Market, Co-Skewness and Gamma Factors For Portfolios Formed on Book-        
to-Market and Then Size Using Value-Weighted Market Index: January 1985 
to December 2002 

 
 

The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 

 
Panel A. 1985-2002 

 
Intercept  Rm-Rf  SMB  HML  SKD  R2 

 
 
0.000847  1.24080       .461 
(0.985)   (67.917)*** 
 
0.001671  1.09630 1.18248     .659 
(2.445)**  (74.314)*** (56.057)*** 
 
0.00152  1.17573   -0.2182   .469 
(1.775)   (60.334)***   (-9.115)*** 
 
0.000964  1.24654     0.02658 .461 
(1.116)   (66.772)***     (1.490) 
 
0.001247  1.13434 1.23633 0.14958   .663 
(1.827)*  (72.943)*** (55.659)*** (7.409)*** 
 
0.001675  1.09650 1.18244   0.000898 .659 
(2.440)**  (72.686)*** (56.021)***   (0.0633) 
 
0.00197  1.18365   -0.2497 0.080226 .471 
(2.287)**  (60.576)***   (-9.998)*** (4.343)*** 
 
0.001043  1.13052 1.24340 0.16605  -0.03612 .663 
(1.517)   (72.359)*** (55.471)*** (7.799)*** (-2.426)** 
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Panel B. 1985-1993 
 

The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 

 
 
Intercept  Rm-Rf  SMB  HML  SKD  R2 

 
-0.001224  1.18806       .482 
(-1.116)  (50.066)*** 
 
0.001262  1.04649 1.29588     .638 
(1.372)   (51.619)*** (34.080)*** 
 
-0.000206  1.12368   -0.2559   .486 
(-0.185)  (41.801)***   (-5.020)*** 
 
-0.00105  1.19152     0.08648 .484 
(-0.957)  (50.261)***     (3.378)*** 
 
0.001426  1.03603 1.29017 -0.04405   .638 
(1.5275)  (45.582)*** (33.568)*** (-1.0177) 
 
0.001248  1.04595 1.29780   -0.00839 .638 
(1.3565)  (51.460)*** (33.838)***   (-0.3879) 
 
0.000363  1.11015   -0.3308 0.13320 .491 
(0.3267)  (41.276)***   (-6.255)*** (5.027)*** 
 
0.001419  1.03618 1.29073 -0.04293 -0.01810 .638 
(1.5129)  (45.432)*** (33.029)*** (-0.944) (-0.0798) 
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Panel C. 1994-2002 
 

The Rm-Rf, SMB and HML factors are supplied by Kenneth French’s “research factors” 
on his web page. Rm-Rf is the market risk premium factor. SMB is the return of the 
portfolios of small firms minus the portfolios of large firms. HML is the return on the 
portfolios of value firms minus the return of portfolios of growth firms. 
SKD factor is calculated using Harvey and Siddique methodology. Three portfolios are 
formed based on co-skewness each month. S- is the portfolio with 30% of the most 
negative co-skewness return. S0 is the portfolio with the middle 40%. S+ is the portfolio 
with the 30% most positively co-skewness returns. SKD is S- - S+. 
 

 
 
Intercept  Rm-Rf  SMB  HML  SKD  R2 

 
0.003132  1.29309       .449 
(2.370)**  (46.872)*** 
 
0.00248  1.13814 1.13674     .677 
(2.453)**  (53.111)*** (43.599)*** 
 
0.003537  1.22348   -0.2030   .459 
(2.698)***  (42.070)***   (-7.028)*** 
 
0.003208  1.29697     0.01015 .449 
(2.402)**  (44.297)***     (0.3960) 
 
0.002046  1.19316 1.22315 0.1948    .685 
(2.042)**  (53.702)*** (43.923)*** (8.169)*** 
 
0.002591  1.14362 1.13684   0.14368 .677 
(2.533)**  (50.377)*** (43.598)***   (0.7319) 
 
0.004102  1.24190   -0.2263 0.6907  .460 
(3.090)***  (41.532)***   (-7.490)*** (2.600)*** 
 
0.00171  1.18230 1.22984 0.021045 -0.04008 .685 
(1.683)*  (51.659)*** (43.858)*** (8.372)*** (-1.9605)* 
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in the most models for the various portfolios. This value shows that IPOs on average have 

more systematic risk than the over all market. The large values on size factor means that 

the premium for the difference between small firms and large firms is very important in 

predicting IPOs returns. The size factor appears to capture the explanatory value of co-

skewness. The book-to-market factor had mixed results. While significant in many 

models, the sign reversed itself when size was included. The book-to-market factor only 

had the correct sign when the size factor was also included. The co-skewness factor only 

showed ability to predict the IPO returns when size was not included in the model. When 

the size factor was included, the significance of the co-skewness factor disappeared. The 

overall conclusion is that co-skewness does have some ability to predict the IPO returns 

but the size factor encompasses this and more. If size is included, the co-skewness factor 

in time series regressions is not needed. With the results on the asset pricing models, 

Hypothesis III is not supported.
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                                                          CHAPTER IV 

SUMMARY AND CONCLUSION 

 

 The problem of the consistently poor performance of IPOs in the long run and 

how to price them was introduced as the major concerns in this research. The literature 

review pointed out that numerous studies have found that the returns on IPOs were not 

compensating investors properly in the mean-variance risk-return trade-off. Skewness 

was presented as an explanation of why the two moment risk-return trade-off does not 

describe IPO performance. The analysis examined skewness of IPO returns to explain the 

observed IPO market.  

  The literature review presents many theories to explain the short run abnormal 

return without addressing the reason for the poor performance of IPOs when compared to 

the market in the long run. The previous literature does show that the IPO returns on 

average, does not seem to be compensating investors for the risk they generally take. 

With an efficient market, the price of IPOs should fall on average. With this decrease in 

price, the expected returns should increase to compensate investors for the risk they are 

taking. Adding the third moment, Skewness, allows for explanation of this anomaly. 

 In this research, skewness, the third moment, is used to explain this anomaly 

observed in previous studies of IPOs. Skewness was examined both in the event time and 

the cross sectional settings. Rational investors should be willing to trade off expected 

return for positive skewness. The investor’s average return would be lower. With positive 

skewness in the distributions, the investor’s chance for a high return in the right tail 

would increase, offsetting the loss in expected return. 
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 The event time distributions show the monthly returns of IPOs matched up by the 

length of time since their public offering. Distributions of event time series returns are 

reported by month, month by calendar year the IPO went public, cumulative returns, 

cumulative returns by calendar year the IPO went public, cumulative returns with failures 

and cumulative returns with failures by the year the IPO went public. Monthly event time 

return distributions for months 1 to 240 showed that only one month in the first fifteen 

years was not significantly positively skewed at the 5% level of significance. Breaking 

the monthly event time returns down by calendar year demonstrates that there is some 

variation in percent of positively skewed months. Overall, the monthly event time return 

distribution for IPOs was significantly positively skewed.  

 The event time cumulative returns for IPOs from the 1st year to the 20th year show 

significant positive skewness plus interesting results about the often reported average 

return. The cumulative return distributions for each of the twenty years were all 

significantly positively skewed. With this positive skewness, the mean reported is larger 

because of these outliers in the right tail of the return distribution. The difference between 

the mean and median reveal the overstatement in using the mean as the measure of IPOs 

returns typically reported in the literature. With the mean sizably larger than the median, 

the mean is not representing a true picture of the IPO return for an expected investor. 

With up to 88% of returns below the mean, the likelihood of investing in an IPO above 

the mean randomly is small. The chance of receiving an above average return from IPOs 

by randomly investing in IPOs is even smaller than shown in these results when failures 

are included in the sample. 
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 The disappearing of IPOs from CRSP brings up an important problem, 

survivorship bias. When IPOs are delisted, then the return stream is no longer available 

for examination in this research. A total of 1,348 firms were delisted during the sample 

period out of the available 2,537 firms. For IPOs that delisted due to a performance issue, 

the survivorship problem is introduced. In examining only the firms in the long run that 

survived the results overstate the returns. The poor performing IPOs returns are no longer 

listed and thus not included in typical evaluations. In this research, a method to correct 

for some of the survivorship bias was developed. IPOs that delisted could be classified as 

a failure. Out of the 1,348 IPO firms that delisted during the sample period, 494 of these 

firms were categorized as failures. An IPO was deemed a failure if the month the IPO 

was delisted the cumulative value for the IPO was at least 80% below the opening days’ 

price. Thus, using this standard a failed IPO has less than twenty percent of its value 

when it disappeared from CRSP. The delisted IPOs classified as failures were assigned 

the cumulative return the IPO had when it disappeared for the remaining monthly returns 

the IPO would have been available for inclusion in the sample period. Adding the failure 

group into the sample corrects for some of the survivorship bias that appears in long run 

IPO research. 

 The event time cumulative return for IPOs with the failures was then examined 

from the 1st year to the 20th year. Skewness in the twenty yearly distributions was 

statistically significant at the 1% level for all years. With failures included, the 

distributions were all still highly positively skewed. The results show the mean for each 

distribution dropped. The mean value for IPOs without failures was $55.22 in the 20th 

year compared to $9.52 for the sample with failures included. The mean of the sample 
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with failures might not represent the distribution as the difference between mean and 

median is still quite large. The median of cumulative returns is less than 100% for all 

twenty cumulative distributions with failures. This means that the median return with 

failures included is a net loss to the investors if they receive just the median return. The 

investor at the median would not have his original value left. The number of IPOs above 

the mean is lower for each cumulative return period. The number of IPOs that delisted 

with less value than their first day’s close was 837. The average could overstate the mean 

return by more if firms delist before they lost all their value. With survivorship of IPOs 

being a significant problem, the mean return does not imply to investors the return they 

would likely receive due to the outliers in the right tail and the number of failures in the 

IPO market. 

 The distribution of the cross-sectional individual calendar months in the sample 

period of April 1980 to December 2002 was examined. For each individual calendar 

month, the return for all IPOs in the sample that had an available return was used in the 

distribution. IPOs in each individual calendar month could be in their 1st month from 

offering to any month after offering. First, almost all the months were statistically 

significantly positively skewed. The range of the individual calendar months mean shows 

how volatile the returns on IPOs can be. The mean ranged from a loss of 31% in an 

individual month to a gain of 28% in an individual month. The sign of the mean would 

often change from a positive to negative or negative to positive many times each year. 

The overall monthly mean return for the sample period was 1.26%. The wide difference 

between the maximum value and minimum value each month shows that during 

individual calendar months there are some big winners and some big losers.  
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 The event time series and cross-sectional distributions clearly show that IPOs 

return distributions are positively skewed. The event time monthly distributions were 

almost all positively skewed. The event time cumulative distributions with and without 

failure are all positively skewed. The cross-sectional individual calendar months are 

almost all positively skewed. IPO returns appear to be positively skewed. Positive 

skewness could explain why an investor might be willing to still purchase IPOs in the 

long run. 

 Comparisons are made between the individual calendar months and the market to 

determine if IPOs returns are significantly different than the overall markets return. The 

market distribution for each calendar month is made up of all available returns reported 

on CRSP. F-test and t-test are employed to see if the distributions of the cross-sectional 

IPO calendar months are significantly different from the CRSP equal weighted calendar 

months. The means were statistically significantly different in 59% of the months. The 

variance was statistically significantly different in 67% of the months. In 84% of the 

months, at least the mean or variance was statistically significantly different than the 

market. IPO cross-sectional return distributions seem to be different than the market. 

Comparisons between the cumulative event time series IPO returns and a matched 

cumulative market return were presented for distribution up to 20 years. The matched 

market returns are based on the return an IPO had in calendar time then adjusted to event 

time. The comparisons used t-tests and f-tests to compare the event time IPO returns 

against their matched market returns. The variances are statistical significantly different 

in every comparison for both the equal and value weighted matched market cumulative 

returns. The means were different in many of the yearly comparisons. Due to the 
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survivorship bias problem, the means for the cumulative event time IPO returns might be 

overstating the average IPO return. Using the cumulative event-time IPO returns with 

failures, the comparisons with the value weighted matched cumulative returns are more 

significantly different. The comparisons with the equal weighted matched cumulative 

returns become slightly less significantly different. Overall, the cumulative IPO returns 

with and without failures appear to be different than the matched market cumulative 

returns with either the value or equally weighted indices. This evidence suggest IPO 

return distributions are different than the market. 

 Cross-sectional regression of IPOs monthly returns are used on portfolios formed 

five different ways. The variable used to predict returns is beta. Beta formed by using the 

KL methodology found no support for it important in predicting returns. The FF factor, 

market risk premium, is highly significant in predicting the cross-sectional returns of 

IPOs. The market risk premium factor is significant in every model. The estimated 

coefficient would be the equivalent to an average beta for the 25 portfolios. IPOs should 

be considered more risky than the average market. Fama and French (1993) found values 

close to 1 for their portfolios. Logically, the value on IPOs would be expected to be 

greater than 1 to account for more risk in IPOs. In most models, the estimate is greater 

than 1. 

 Gamma, the measure of co-skewness by Kraus and Litzenberger, had mixed 

results in the models. Gamma is significant when added with the three FF factors. 

Gamma has a negative sign and is statistically significant in this model. The r-squared 

improved when gamma was added to the other factors. The negative sign shows that with 

a positively skewed market, investors are willing to give up return for this positive 
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skewness. The gamma factor was not significant when the FF factors were not in the 

model. The co-skewness factor of SKD was not important in the cross-sectional 

regressions. 

 The market risk premium factor and the size factor were important in the cross-

sectional regressions. The market risk premium factor and the size factor were was 

significant in the models. The factor of small minus big firms does appear to be highly 

important in the cross-sectional regression. This FF factor along with the market risk 

premium factor are the two dominating factor in the cross-sectional regressions. 

 The book-to-market factor had mixed results in the different models. Book-to-

market factor was statistically significant in one out of the four models for the whole 

sample period. While not statistically significant, the sign did change in two sub-periods. 

 The cross-sectional regression shows that the market risk premium factor and the 

size factor were significant. These factors do seem to explain a significant amount of the 

variability of IPO returns. The co-skewness factor, gamma was only significant when 

added to the other factors. The co-skewness factor, SKD, was not important. It was 

significant in only one sub-period with a negative sign. Hypothesis II was not supported 

in cross sectional regressions. 

 The time series regression on IPOs returns on market risk premium, size, book-to-

market and co-skewness for portfolios for the eight different models show which 

variables predict the returns of IPOs. The market risk premium variable in the time series 

regression is Rm-Rf. The size variable is the SMB factor. The book-to-market is the HML 

factor. The co-skewness is the SKD factor. 
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 The market risk premium factor is always statistically significant in all models on 

the different portfolios aggregation process used.  The estimated coefficient of beta is 

almost always greater than one. By theory, the market has a beta of one. With the 

coefficient greater than one, IPOs would have on average more systematic risk than the 

average in the market. 

 The size factor is statistically significant in every model. The logic of the small 

firms minus big firms factor being important to IPOs seems reasonable considering the 

difference in returns and corresponding size in the FF 1993 article. This factor appears to 

encompass the effect of co-skewness. The co-skewness factor is significant when size is 

not included. When size is included, co0skewness is not significant.  

 The high minus low book-to-market factor does appear to statistically significant 

in many models. Unfortunately, the sign on the HML factor does appear to change if size 

is not included in the model. With the size factor included, the HML factor is generally 

positive. 

 The direct co-skewness factor, SKD, is significant in some models. The factor is 

positive and significant when size is not included. This reversal of significance could 

mean that size picks up the explanatory of co-skewness for IPOs. 

  The time series regressions show that the market risk premium and size factors 

are clearly predict the returns of IPOs. The book-to-market factor is statistically 

significant in many models but the sign is often different between the models. The co-

skewness measure shows moderate ability to predict IPO returns in some models. 

 In conclusion, significant evidence is provided in this research that there is 

positive skewness in the return distribution of IPOs for both the event time and cross-
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sectional horizons. Hypothesis I is accepted. These IPO return distributions are 

significantly different from the markets’ distribution. Hypothesis II A and B are accepted. 

The co-skewness factors are only significant in some models. Hypothesis III is not 

supported.  
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