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Abstract 
 


 
Firm-level stock volatility has increased significantly since 1962 and varies widely across 
industries. Recent literature shows that the excessive and persistent stock volatility can be well 
explained by fundamental uncertainties. This paper conducted panel data analyses on 415 
firms during 1988-2001 in an effort to study the extent to which variation of individual stock 
returns can be explained by fundamental uncertainties. Mainly, we examined the uncertainty 
effects of demand shifts and a firm’s innovative activities as well as other firm and industry 
characteristic variables on firm level idiosyncratic stock volatility. The results from the panel 
data analyses suggest that R&D intensive firms or firms in high-tech industries have more 
volatile returns. Idiosyncratic volatility is higher when there is greater demand uncertainty. 
Data also support the prediction that idiosyncratic volatility is higher for small firms and a 
firm with higher volatility of profitability. In addition, we find some evidence that 
idiosyncratic volatility increases with variation in analysts’ earnings forecasts used as a proxy 
for changes in expectations that are associated with uncertainty and heterogeneous belief. 
Trading volume, which is used as a control variable for the information arrival, is found to 
endogenously increase idiosyncratic volatility. Furthermore, a firm’s leverage is observed to 
have a significant and positive effect on idiosyncratic volatility in our whole panel data 
sample as well as the down market sample. However, we also observed a reverse leverage 
effect in the upward market sample. Finally, various empirical tests suggest that the 
idiosyncratic volatilities are persistent.  
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Chapter 1 
 
 


Introduction 
 
One of the central insights of modern asset pricing theory is that each risky asset is subject to two 
sources of risk: systematic risk, which is known to drive all risky assets in the financial market, 
and idiosyncratic risk, which is peculiar to each individual asset. While systematic risk is 
important in asset pricing, some recent studies have begun to emphasize the role of idiosyncratic 
risk in asset pricing and risk management. Idiosyncratic risk shifts very differently from systematic 
risk. In particular, Campbell, Lettau, Malkiel and Xu (2001) point out that idiosyncratic volatility 
has trended upwards over the past three decades and varies widely across industries. Malkiel & Xu 
(2000), Goyal and Santa-Clara (2003) provide some evidence that idiosyncratic volatility is 
significant in explaining the cross-sectional expected returns. Guo (2004) shows that market 
volatility as well as idiosyncratic volatility has significant predictive power for future excess 
returns. Campbell and Taksler (2002) find that idiosyncratic volatility is important in explaining 
the cross-sectional variation in bond yield. The correlation between the average idiosyncratic 
volatility and the credit spread of A-rated bonds is found to be 0.7. Stein, Kocagil, Bohn and 
Akhavein (2003) analyze the default risk with the lens of idiosyncratic risk and systematic risk. 
Given their results, idiosyncratic risk is more important for predicting middle market default 
relative to the systematic risk. The studies of the significance of idiosyncratic or residual risk can 
also be found from some earlier works (Levy (1978) and Lehmann (1986)). 
 
The reasons to study the role of idiosyncratic volatility in asset pricing in these studies are as 
follows. First, idiosyncratic risk is important because many investors hold undiversified portfolios. 
These investors will be affected by shocks from individual firms and industries as well as by shifts 
from market volatility. Therefore, investors who are not well diversified will demand to be 
compensated for the idiosyncratic risk of the assets they hold (Merton (1987)). Campbell et al. 
(2001) decompose the total volatility of a common stock into market, industry and firm-level 
volatility. They find that firm-level idiosyncratic volatility is the largest component of the total 
volatility which account for 72%, whereas the industry and market volatility accounts for only 
12% and 16% respectively. Goyal and Santa-Clara (2003) also found that idiosyncratic volatility 
comprised about 85% of the total volatility.  Second, firm value dynamics depend on both time-
varying systematic risk and idiosyncratic risk. Default occurs when firm value falls below some 
threshold value (usually referred as the value of firm liabilities). Credit risks and default 
probabilities are found to be of systematic and idiosyncratic nature (Gatfaoui (2003)), though 
default correlations may be only of a systematic nature. Understanding these risk components can 
lead to a better understanding of the risks at an individual firm level as well as at a portfolio 
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management level of the risks associated with the portfolios they make up. Better understanding 
these two types of risks in the prediction of default is also expected to have profound implications 
in implementing the New Basel Accord II for most financial institutions. Credit portfolio 
management has to be envisioned in the light of idiosyncratic and systematic risks’ trade off. The 
consideration of both idiosyncratic risk as well as systematic risk is mostly important at the level 
of the individual firm. 
 
Now that it is clear that idiosyncratic risk is important in risk management, it is worth investigating 
the properties of this idiosyncratic volatility and the sources of factors that may change it. The 
issues of factors on stock market volatility have been extensively examined in financial economics 
literature, especially at the aggregate level. Officer (1973) and Hamilton and Lin (1996) relate the 
volatility to business cycle conditions. Black (1976) and Christie (1982) relate stock market 
volatility to financial leverage. Schwert (1989a, b) conducts macroeconomic studies of the causes 
of stock market volatility and relates stock return volatility to the time-varying volatility of 
economic state variables, including volatility of inflation, money growth, industry production, 
interest rate and financial leverage. Mazzucato and Semmlet (1998) relate stock price volatility to 
the market share instability during the industry life cycle. Schwert (2001) also compares the 
increase in volatility of the S&P 500 index and Nasdaq stocks in recent years, and attributes the 
unusual increase in Nasdaq stock volatility, relative to S&P 500 volatility, to technology. 
Sadorskey (2002) examines the effects of conditional volatilities of oil prices on the conditional 
volatility of technology stock returns.   
 
Recent studies in the New Economy relate stock market fluctuations to the information technology 
revolution (e.g., Greenwood & Jovanovic (1999), Hobijn & Jovanovinc (2000), Peralta-Alva 
(2002)) and intangible assets. These IT hypotheses document the fact that changes in technology 
coincide with some of the most dramatic fluctuations that the U.S stock market has experienced 
(see figure1 below), and argue that the arrival of IT rendered old capital obsolete and caused 
productivity to slow down during the 1970s, leading to the collapse of equity prices. The boom in 
stock prices, which occurred between 1995 and 2000, also coincides with the resurgence of US 
productivity in the late 1990s, due mainly to the IT accumulation in the 1980s and early 1990s. 
Recent literature documents that the production and use of IT has made important contributions to 
the U.S. labor productivity revival (Stiroh (2001, 2002, 2003)). In this sense, the IT revolution and 
technological change may relate to the stock market fluctuations. 
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Figure 1 
        


 
      In Figure 1, the ME/BE decreased in the early 1970s and rose after 1992 and especially after 1995 for the  
      IT-intensive industries.  ME/BE is the market value to book value ratio calculated using data from WRD’s 
          Industrial annual database.  
 


It is seen from Figure 1, we can see that the market value to book value ratio (ME/BE) rose 
significantly after 1992 and especially after 1995 for high-tech industry and varies widely across 
firms in different industries. The stock prices of firms in the drug industry are more volatile than 
those of firms in the paper industry. Since 1990, drug industry firms have been worth more than 
seven times their book value, and paper industry firms are worth more than twice their book value 
at their end of the year listing. According to the semi-strong form of the stock market efficiency 
theory, the market value of a company is, at every instant, equal to its fundamental value defined 
as the value of expected discounted future cash flow, which can be measured by the book value of 
tangible assets if we abstract from adjustment costs (Bond and Cummins (2000)). However, in 
figure 1, the book value of tangible assets is just a fraction of the market value, and for the high-
tech industry company, it’s an even smaller fraction. One explanation for this is that high-tech 
industry companies rely more on intangible assets than do low-tech industry companies. Therefore, 
the  rest  of  the  market  value  must  come  from the  value  of   intangible  assets,  if  the market 
is efficient (Hall (1999)).  When the stock market is not strong efficient, the firm’s market value 
can deviate from its fundamental value.  
 
Some recent studies argue that the excessive and persistent volatilities can be well explained by 
fundamental uncertainties.  One argument is that the high valuation of the technology-intensive 
firms and their volatile stock prices are associated with the uncertain performance of their 
intangible assets in which they engaged most. One type of intangible assets, business research and 
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development (R&D), has received much attention. In part, the interest reflects recent, widespread 
technological change, together with the high growth of productivity in the IT industry in the 1990s, 
and the amount of R&D spending in these technology industries, as well as stock prices that are 
much larger than their earnings (Chan, Lakonishok and Sougiannis (2001)). High-tech firms are 
characterized as engaging heavily in R&D activity and having few tangible assets. Firms in high-
tech industries are more likely to benefit from technological innovations. However, since the 
prospect of these firms may be tied to the success of new, untested technologies, their success is 
highly unpredictable. It is quite possible that the market may overestimate or underestimate the 
valuation and future prospects of these firms due to the uncertain results of R&D investment and 
the incomplete market information. As a result, the stock prices in these high-tech industries may 
be highly volatile because of the greater degree of uncertainty associated with the intangible assets. 
Investors constantly revise their assessment of a firm’s valuation as they discover more about a 
firm’s uncertain cash flow over time.  The excessive and persistent volatility are thus generated 
through this learning process. Stock prices will eventually converge to the true fundamental value 
as uncertainty is gradually reduced.  
 
The purpose of this study is to investigate the properties of idiosyncratic volatility and the extent to 
which variation of individual stock returns can be explained by fundamental uncertainties, which 
are proxied by industry and firm characteristic variables. Mainly, we examine the uncertainty 
effects of intangible assets proxied by R&D intensity, demand uncertainty, as well as other 
industry and firm characteristic variables, on firm level idiosyncratic volatility. Our study 
contributes to the growing stream of research regarding the role of idiosyncratic volatility in the 
following aspects:  First, the research conducts a panel data analysis of 415 firms during the period 
of 1988-2001 and wishes to add empirical evidence of the uncertainty effects of fundamental 
shocks on individual stock volatility at the firm level; Second, we adopted a new measure of the 
idiosyncratic volatility by applying the statistical Principal Component Analysis (PCA) with the 
Arbitrage Pricing Theory (APT) model and obtained  the idiosyncratic volatility from the 
EGARCH model. Most researchers (as in Campbell et. al (2001)) obtain the idiosyncratic volatility 
by separating industry and firm-level volatility from market volatility using the CAPM model. 
Some studies (as in Malkiel & Xu (2000)) use the residuals from Fama and French’s (1993) Three 
Factor Model as a measure of idiosyncratic risk. In this research, we will examine the properties of 
firm idiosyncratic volatilities using the statistical approach, as well as from the CAPM model. 
 
The paper is organized as follows. Chapter 2 discusses the methodology in obtaining the 
systematic and idiosyncratic volatilities. Some descriptive statistics are presented. In chapter 3, the 
persistent property of the idiosyncratic volatility is examined. In chapter 4, a panel data analysis is 
performed at the firm level to investigate the effects of fundamental uncertainties on idiosyncratic 
volatility which is constructed from the EGARCH model in Chapter 2 as well as from the CAPM 
model. The final section provides concluding remarks.  
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Chapter 2 
 
 


Volatility of Common and Idiosyncratic Factors 
 
Stocks are claims to firms’ future cash flow from investments. The market value of a firm’s shares 
ultimately reflects the value of all its net assets. Changes in the strength of the economy, industry 
environment in which a firm operates, as well as firm-specific factors will affect a firm’s future 
cash flow expectations and cause stock prices to change. The present valuation model below 
implies that a firm’s future cash flow can be jointly determined by a set of systematic factors and 
the firm-specific factors.  
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i
tp  :  Stock price of firm i at time t 


:i
tC  Cash flow of firm i at t 
:tR  Discount rate 


SV : Vector of systematic factors 
FV : Vector of firm-specific factors 


 
When we rule out explosive “rational bubbles” in stock prices, stock returns and volatility must be 
driven either by cash flow shocks or by discount rate shocks or both (Campbell & Vulteenaho 
(2004)). Vulteenaho (1999) analyzes factors of individual stock returns and shows that shocks to 
an individual firm’s cash flow have a variance of about twice that of shocks to individual firms’ 
discount rates. In addition, cash flow shocks are less correlated across firms than discount rate 
shocks. Campbell and Vulteenaho (2004) decompose CAPM beta into cash flow beta and discount 
rate beta and find that small or value stocks have considerately higher cash flow betas than large or 
growth stocks. Their two-beta model suggests that the most important determinant of the cost of 
capital is not the discount rate beta, but its cash flow beta. These insights imply that cash flow 
shocks are important in explaining the variation of individual stock returns. Therefore, in this study, 
we will focus on the effects of cash flow shocks on firm level idiosyncratic volatility after 
accounting for systematic factors from total returns.  
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Volatilities, especially idiosyncratic volatilities, are unobservable. We need to construct them from 
asset pricing models. The commonly used asset pricing models for this purpose are the CAPM 
model and the multifactor model. The well-known CAPM model (Sharpe (1964) and Lintner 
(1965)) is an equilibrium model under the assumption of homogenous expectations and an efficient 
market framework which is often criticized by financial practioners. According to the CAPM 
model, a stock’s risk is summarized by its beta with the market portfolio; no other characteristics 
of a stock should influence the return required by a rational investor. Though it is helpful to 
structure risk quantification and decomposition, the practical implementation of the risk 
segmentation is flawed by the simplifying assumptions of the correlation between different assets 
from a common source of market portfolios, and by lack of recognition of other sources of 
correlations.  It is now generally accepted that risk is multidimensional and therefore there may be 
a multitude of risk premia associated with an individual assets, which leads to multifactor models. 
The factor model approach exploits the Arbitrage Pricing Theory (APT) (Ross (1976)) framework. 
The APT model can be thought of as a generalization of the CAPM model using a somewhat less 
restrictive set of assumptions. Unlike CAPM, APT theory doesn’t require the assumption that 
investors make decisions on the basis of a mean and variance efficient frontier; rather it depends 
on the assumption that a rational equilibrium in capital markets precludes arbitrage opportunities. 
Unfortunately, the theory doesn’t tell us how many risk factors could be at play. Empirically, there 
are three approaches available that can be used to identify these factors: Macroeconomic factor 
approach, Fundamental factor approach and Statistical factor approach. Macroeconomic factor 
models try to approximate the factor risk premia through a time series of observable 
macroeconomic variables. Although it is virtually impossible to draw up a completely exhaustive 
list of factors, there are some macroeconomic variables specified in the literature that are shown to 
be able to explain differential asset returns. Amongst these are: unexpected changes in inflation, 
industrial production growth, default risk premium, term structure and monetary growth. The 
seminal reference for this kind of model is Chen, Roll and Ross (1986).  The fundamental factor 
model uses a multitude of observable firm or asset characteristics that are assumed to play a role in 
explaining differential asset returns. Amongst these are: firm size, price earning (P/E) ratio, 
stability of earnings growth, dividend yields or index beta. The seminal reference for this kind of 
model is Fama and French ((1993) and (1996)). The drawback of these two approaches is that both 
models assume that an exhaustive set of risk factors can be exactly identified and quantified, which 
is often criticized, and the specified factors are usually correlated. If an important factor is 
overlooked, then the resulting residual variance matrix will not be diagonal because this omitted 
factor may be correlated with identified risk factors. These specific individual risks will, therefore, 
be difficult to separate from the total returns.  
 
The statistical approach is most closely associated with the original test of the APT theory which is 
used by Roll and Ross (1980). In this study, we mainly adopt the statistical approach. The 
statistical approach uses the full covariance matrix as a starting point and applies Principal 
Component Analysis to extract the systematic factors which are expected to affect all assets in the 
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underlying portfolio simultaneously. The significant advantage of the Statistical approach is that 
the extracted common factors are mutually orthogonal and orthogonal to residual risks as well. 
Idiosyncratic factors which are specific to individual firms can thus be separated from the total 
returns, which is one of the purposes of this study. Therefore, we choose the statistical approach 
(PCA) in the present analysis.  
 
Section 2.1 discusses the Statistical methodology of obtaining the volatilities of common and 
idiosyncratic factors using the PCA approach in conjunction with the GARCH types of models. 
The summary statistics of the common and idiosyncratic volatilities are presented. In section 2.2 
we slice the full sample according to the market capitalization into three approximately equal-sized 
sub-samples and further discuss the variation explained by the extracted common and idiosyncratic 
factors.  
 
2.1 Volatilities of Common and Idiosyncratic factors from the Statistical Approach 
 
APT theory implies that there may be multiple sources of risk associated with an individual asset. 
The generalized framework of the APT multifactor model is: 
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itε :   Stochastic shock of the ith idiosyncratic factor (i=1,…, n; t=1,…, T) 
:ikβ   Factor loading 


  
The assumptions associated with the Principal Component Approach are as follows: 
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where 
 
   R = ( rit  ) :  Matrix of  returns of the ith stock.      
   U = (u )  :  Matrix of conditional expected return. i


   B = (βij )  :  Factor loading matrix.  βij is the sensitivity of  ith stock to the jth factor. 
   E = ( itε  ) :  Matrix of  idiosyncratic factors for each firm. 
   F = ( ) :  Matrix of Economy-wide common factors ktf
 
The variance-covariance matrix is of the form: 


 
     V       (4) DBB +Ω= '
 
The full covariance matrix V is broken up into factor-related risks and residual risks. Since the 
factors extracted with the PCA approach are orthogonal, the factor covariance matrix Ω is a 
diagonal matrix. The variance of idiosyncratic factors  is also a diagonal matrix. D
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In matrix form 
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This procedure leads to uncorrelated components, 
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It is generally believed that the most important step in a factor analysis is to determine the number 
of factors to be extracted. There are several criteria determining this. Some of the most commonly 
used guidelines are the Kaiser-Guttman rule, the scree test, percentage of variance increment, and 
interpretability. 
 
The Kaiser-Guttman rule states that the number of factors to be extracted corresponds to the 
number of eigenvalues that are greater than 1. Using this rule, we can identify the maximum 
numbers of factors to be extracted. 
 
The scree test is performed by plotting the eigenvalue in a descending order against the factor 
numbers. The number of factors to extract corresponds to a “bend” or “break” in this plot. With a 
scree test, we can choose the range of factors. 
 
Next, the variance explained by the successive factors is examined. The proportion of variance that 
is accounted for by the ith component is given as the ratio of the ith eigenvalue divided by the sum 
of eigenvalues.  We set the cutting line at 1%.then factors will be extracted until the increment 
variance explained is less than 1%. 
 
We next apply the Principal Component Analysis to our data set, which consists of 415 firms 
during 1988-2001 periods using a weekly return series (See Appendix1 for data construction). 
With the PCA method, we can extract the latent common factors from the stock return correlation 
matrix and get the factor loadings ikβ . In all, we specify 5 common factors according to the rules 
commonly used in the literature. The output from the PCA is summarized in Table 2_1, and the 
extracted five common factors are plotted in figure 2.1. 
 
 
Table 2_1 a             The Five Largest Eigenvalues of the Correlation Matrix 
 
 
                                     Eigenvalue       Proportion       Cumulative 
 
               1    48.3148253        0.1164        0.1164 
               2    13.7046977        0.0330        0.1494 
               3     6.4880272        0.0156        0.1651 
               4     5.5435281        0.0134        0.1784 
               5     5.3379813        0.0129        0.1913 
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Table 2_1b                     Factor Pattern 
 
 


              Factor1       Factor2       Factor3       Factor4       Factor5 
 
firm1         0.39978       0.20897       0.07902      -0.11454      -0.04933 
firm2         0.17917      -0.03834       0.07588       0.11489       0.05231 
firm3         0.19436       0.36702       0.05515      -0.07926       0.08210 
firm4         0.34525       0.08908       0.07391      -0.09041      -0.04417 
firm5         0.32124       0.13085      -0.01381       0.16016       0.06797 
firm6         0.33637      -0.26855       0.59307       0.03993       0.01783 
firm7         0.26163       0.20537       0.00218      -0.00628       0.16944 
firm8         0.40794       0.00974      -0.07232       0.10956      -0.01484 
firm9         0.43450       0.17582       0.04925      -0.07673      -0.15758 
firm10        0.28967       0.17414       0.09563       0.13167       0.08519 
firm11        0.17016       0.17395       0.01843      -0.01111       0.14384 
firm12        0.07757       0.04855       0.00511       0.10724      -0.08889 
firm13        0.31976       0.40919       0.04349      -0.05354       0.05472 
firm14        0.09931       0.01213      -0.08806       0.10291       0.05609 
firm15        0.55961      -0.36901      -0.12192      -0.05087      -0.06324 
firm16        0.46713      -0.06717      -0.12673       0.09620      -0.01961 
firm17        0.19206       0.08562      -0.05402       0.09566       0.10099 
firm18        0.51691      -0.23342      -0.24079      -0.26752      -0.04474 
firm19        0.42663      -0.18454      -0.16469      -0.05738       0.04859 
firm20        0.22066       0.26702       0.03096      -0.00056       0.06622 
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Figure 2.1          Common Factors of the Largest Five Principal Components 
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Table 2_1c                                 Summary Statistics 
 
 


Variable         T         Mean    Std Dev         Sum     Minimum     Maximum 
 
Factor1        731           0     1.00000           0    -7.55569     3.69444 
Factor2        731           0     1.00000           0    -6.48428     5.12659 
Factor3        731           0     1.00000           0    -7.74078     4.74161 
Factor4        731           0     1.00000           0    -5.58410     3.90473 
Factor5        731           0     1.00000           0    -4.01425     5.11145 
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Table 2_1d              Correlations between five common factors 
 


 
                       Pearson Correlation Coefficients, T = 731 
 


              Factor1       Factor2       Factor3       Factor4       Factor5 
 


Factor1       1.00000       0.00000       0.00000       0.00000       0.00000 


Factor2       0.00000       1.00000       0.00000       0.00000       0.00000 


Factor3       0.00000       0.00000       1.00000       0.00000       0.00000 


Factor4       0.00000       0.00000       0.00000       1.00000       0.00000 


Factor5       0.00000       0.00000       0.00000       0.00000       1.00000 
 
Table 2_1a gives the eigenvalues and the corresponding amount of variations in the equity return 
portfolio that can be explained by the five largest principal components. The proportion of the total 
variation in stock returns that can be explained by the ith principal factor is equal to the ith 
eigenvalue divided by the sum of the eigenvalues. The largest eigenvalue is 48.31, which explains 
11.64% of the total variation. The other four common factors explain only a small portion of the 
total variation, between 1% and 3.5% each. Unlike the highly correlated system, such as the fixed 
income securities, the first few principal components can explain above 90% of the total variation, 
the five common factors from the stock return system explain only 19.13% of the total variation in 
the system, which leaves about 81% of the total variation to the idiosyncratic factors. This result is 
consistent with the findings as in Campbell et al. (2001) and Goyal and Santa-Clara (2003). This 
makes sense because of the idiosyncratic nature of the equity returns, which leads to a very low 
correlation of the stock returns in the system.  
 
Table 2_1b lists the factor loadings for the first 20 firms in our data set. Factor loadings measure 
how each of the observed returns relates to each principal component factor. That is, what are the 
correlations between each observed returns and the underlying components. As it can be seen from 
Table 2_1b, most of the firms in the data set have the largest correlations with the first principal 
components. Table 2_1c and 2_1d list the summary statistics and the correlation of the extracted 5 
latent common factors. We normalized the data before conducting the PCA analysis, so the 
principal components all have zero mean and unit unconditional variances that satisfy the 
assumption in our model. The correlation matrix shows that these common factors are uncorrelated.  
 
The most advantageous characteristic of this method is that the extracted common factors are 
orthogonal.  Let   Λ = diag (  denote the diagonal matrix of the variance 


of the common factors in a time-varying stochastic volatility framework. When the volatilities of 
these common factors are obtained by using the GARCH (1,1) model, this method is called the 
Orthogonal GARCH model (Alexander 2001). The model is: 


t ))(),(),( 21 nttt fVfVfV L
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Where kα is the mean of the common factor  (here the mean is 0) and e is the error term. From 
equation (9), we can get the risk measures for each common factor in a framework of 


stochastic volatility. The measure of persistent property of the variance of each factor in GARCH 
is the sum of


ktf
σ̂


kt
2


,tXk


θδ + . As this sum approaches unity, the persistence of shocks to volatility becomes 
greater. The conditional volatilities of the largest 5 common factors are presented in figure 2.2. 
The figures show that volatilities of these common factors are higher during the late 1990s, 
indicating a volatility clustering effects. 
 
Figure 2.2                     Conditional Volatilities of Common Factors 
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We then can obtain the idiosyncratic factors itε  for each firm from equation (2) after we obtain the 
principal common factors and the factor loadings from the PCA statistical procedure, that is: 
 


                       (10) ∑
=


−−=
n


k
ktikiitit fur


1
βε ),0(..~ 2


εσε diiit


 
Figure 2.3 plots the idiosyncratic factors itε  for the top twenty firms ranked by the market 
capitalization. It can be seen from figure 2.3 that all residual series are stationary series and 
fluctuate around its zero mean. The patterns of these series are quite different from each other as 
well as from systematic factors, which shows idiosyncratic nature of firm-specific risk. This 
evidence can also be observed from the plots of idiosyncratic volatility in figure 2.4. 
 
Figure 2.3                     Idiosyncratic Factors of the Top 20 Firms 
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Figure 2.3                     Idiosyncratic Factors of the Top 20 Firms   (continued) 
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Idiosyncratic volatilities are not directly observable. Hence, it is necessary to construct them from 
the idiosyncratic factors itε . The general approach to model volatility is through the so-called 
GARCH class of Autoregressive Conditional Herteroscedasticity models (Engle 1982 and 
Bollerslev 1986). To capture the time-varying volatility, it was necessary to set tititi hz ,,, =ε , 


where is the conditional variance of ith itε , and tititi hz ,,, /ε=


.1)(,


  are standardized residuals. By 


assumption, the series is i.i.d. with tz 0)(1 ==− z tzVARttE  Among these types of models, the 
Exponential GARCH model of Nelson (1991) is generally found to be the preferred specification 
for use with equity returns, as it accommodates the so-called ‘leverage-effects’, that is, the 
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asymmetric effect of innovations on volatility. A typical form of the EGARCH process modeled 
the log of the conditional variance as follows:  
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where are the conditional volatilities of the idiosyncratic factors, ith γ is the parameter measuring 
the asymmetry of news releases on volatility. The asymmetric effect was first noticed by Black 
(1976), who found that positive returns have a smaller impact on future volatility than negative 
returns of the same absolute magnitude, and if so,γ should be negative. From this model, we can 
obtain the time series measures of the idiosyncratic volatility of  for each firm. Figure 2.4 plots 
the conditional idiosyncratic volatilities obtained from the EARCH model for the top twenty firms 
ranked by the market capitalization. From Figure 2.4, we can see that the patterns of the obtained 
idiosyncratic volatility series are dramatically heterogeneous from each other as well as from those 
of the common factors. Most of these series are persistent and show volatility clustering effects. 
We will further examine the persistent and excessive volatile properties of the idiosyncratic 
volatility series in Chapter 3 and Chapter 4, respectively.   


ith


 
 
Figure 2.4         Conditional Idiosyncratic Volatilities of the Top 20 Firms 
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Figure 2.4         Conditional Idiosyncratic Volatilities of the Top 20 Firms (continued) 
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Table 2_2 lists the summary statistics of the idiosyncratic volatility series for the top ten firms. See 
Appendix 2 for the summary statistics of the idiosyncratic volatility series for the 415 firms. It can 
be seen from Table 2_2, most of these series skew to the right and exhibit fat tails. 
 
Table 2_2       Summary Statistics of Idiosyncratic Volatilities                                      
                                               of the Top Ten Firms 
 
 
Firms  cnum   T       mean        std       min         max    skew     kurt 
 
   1 260543 731 .000770609 .000345235 .000288437 .002427802 1.74818   3.6927 
   2 620076 731 .001585806 .000846018 .000576540 .005427089 1.23011   1.1067 
   3 097023 731 .001265394 .000645866 .000490526 .003430941 1.09254   0.1812 
   4 780257 731 .000344614 .000173897 .000125447 .001149757 1.88551   3.7611 
   5 370442 731 .001231166 .000206812 .001075592 .002575585 2.92871  11.0079 
   6 002824 731 .000575123 .000201913 .000305775 .001288937 1.35409   1.2142 
   7 532457 731 .001010073 .000527125 .000343492 .002981330 1.11911   0.6428 
   8 166764 731 .000448574 .000106323 .000266288 .001092117 1.53475   4.2406 
   9 263534 731 .000737547 .000369104 .000304825 .001835640 1.08932   0.1490 
  10 458140 731 .001623180 .000423940 .000935028 .004318879 1.86211   6.0054 
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2.2 Subsample Discussion 
 
In this section, we split the whole sample into three subsamples of approximately equal size by 
market capitalizations. We further examine the pattern of the extracted systematic factors and the 
components of the variations that can be explained by the systematic and idiosyncratic factors for 
each sample size.  
 
1. Large Size Sample 
 
 


    Table 2_3a    


 
Eigenvalues of the Correlation Matrix: Total = 139 


 
                    Eigenvalue     Proportion    Cumulative 
 
               1    30.0442918        0.2161        0.2161 
               2     7.1866262        0.0517        0.2678 
               3     5.5015644        0.0396        0.3074 
               4     4.0169933        0.0289        0.3363 
               5     2.2357708        0.0161        0.3524 


 
Table 2_3b 
                                   Factor Pattern 
 
                Factor1        Factor2        Factor3        Factor4        Factor5 
 
 firm1          0.35866        0.33338        0.04659        0.06915        0.02243 
 firm2          0.33643        0.16450        0.05239        0.00819       -0.13486 
 firm3          0.40925       -0.18755        0.59808       -0.00334       -0.08330 
 firm4          0.39527        0.33102        0.04743       -0.01920       -0.02520 
 firm5          0.62483       -0.23838       -0.13915       -0.14035       -0.00790 
 firm6          0.57665       -0.11556       -0.31000       -0.07623       -0.27075 
 firm7          0.45554       -0.11112       -0.19148        0.00480        0.00704 
 firm8          0.29973        0.13623        0.34675        0.15143       -0.05358 
 firm9          0.44301        0.54299       -0.08642        0.04042       -0.06456 
 firm10         0.38778        0.31803       -0.03945        0.05525        0.13507 
 


 


Table 2_3a gives the eigenvalues and the corresponding number of variations that can be explained 
by the largest five principal components for the large sample size. The largest eigenvalue is 30.04. 
The proportion of the total variation that it explains is 21.61%, which is about ten percent higher 
than that of the whole sample. The five common factors in the large size sample can explain about 
35.24% of the total variation in the portfolio. Though it is much higher than that of whole sample, 
it still leaves most of the total variation, which is about 65.76%, to the idiosyncratic factors.  
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Table 2_3b lists the factor loadings for the first 10 firms in our data set. It is seem that most stock 
returns are very sensitive to the first principal component. The first factor loading for all firms in 
the large sample are in the range of 0.2-0.7; most of the firms are between 0.3-0.6. Figure 2.5 plots 
the extracted five common factors for the large sample size. Figure 2.6 plots their conditional 
volatility. The patterns of these series are similar to that of whole sample, though a slighly 
different. 
 
 
Figure 2.5                 Five Common Factors from the Large Size Sample  
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Figure 2.6                      Conditional Volatilities of the Five Largest 
                                     Common Factors from the Large Size Sample  
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2. Medium Size Sample 
 
 
Table 2_4a             Eigenvalues of the Correlation Matrix: Total = 138  
 
 


                    Eigenvalue     Proportion    Cumulative 
 
               1    16.9186540        0.1226        0.1226 
               2     4.3036494        0.0312        0.1538 
               3     2.2579438        0.0164        0.1701 
               4     2.0462343        0.0148        0.1850 
               5     1.9696206        0.0143        0.1992 


 


 
Table 2_4b                                  Factor Pattern 
 
 


                Factor1        Factor2        Factor3        Factor4        Factor5 
 
 firm1          0.17695       -0.07812        0.08955        0.04765       -0.06109 
 firm2          0.29659        0.19524       -0.16286        0.13897        0.07806 
 firm3          0.41983       -0.12545        0.09389       -0.18341        0.01361 
 firm4          0.38154        0.43423        0.01271        0.02629        0.00893 
 firm5          0.47850       -0.14313        0.00401       -0.02972        0.12101 
 firm6          0.26757        0.29116       -0.01387        0.16989        0.03657 
 firm7          0.28762       -0.06711       -0.10264        0.22269        0.08892 
 firm8          0.33303        0.03145       -0.10331       -0.12546       -0.23586 
 firm9          0.39663       -0.13058       -0.00957        0.26218       -0.02767 
 firm10         0.27037        0.31410        0.09425       -0.15138       -0.12704 
 


 
Table 2_4a gives the eigenvalues and the corresponding number of variations that can be explained 
by the five largest principal components for the medium sample size. The largest eigenvalue is 
16.92, which explains 12.26% of the total variation. The five common factors from the large 
sample size portfolio can explain about 19.92% of the total variation in the portfolio, which leaves 
about 80% of the total variation to the idiosyncratic factors. Theses results are close to those of 
whole sample 
 
Table 2_4b lists the factor loadings for the first 10 firms in our data set. As you can see, most of 
the stock returns are still very sensitive to the first principal component. The first factor loading for 
most of the firms in the medium sample are in the range of 0.2-0.4, which is a little lower than that 
of the large size sample. Figure 2.7 plots the five extracted common factors from the medium size 
sample. Figure 2.8 plots their conditional volatility. The patterns of these series are similar to those 
of the large sample and the whole sample though still some what different. 
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Figure 2.7            Five Largest Common Factors from the Medium Size Sample 
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Figure 2.8                     Conditional Volatilities of the Five Largest  
                                      Common Factors from the Medium Sample 
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3. Small Size Sample 
 
 
Table 2_5a                 Eigenvalues of the Correlation Matrix: Total = 138  
 


                    Eigenvalue    Proportion    Cumulative 
 
               1    9.51104548        0.0689        0.0689 
               2    2.54339701        0.0184        0.0874 
               3    2.05473430        0.0149        0.1022 
               4    1.99999658        0.0145        0.1167 
               5    1.91817249        0.0139        0.1306 


 


 
Table 2_5b            Factor Pattern 
 
 
 
                Factor1        Factor2        Factor3        Factor4        Factor5 
 
 firm1          0.35589       -0.26789       -0.10533        0.11115        0.23776 
 firm2          0.39742       -0.02642        0.03286       -0.09015        0.05782 
 firm3          0.36383       -0.02655        0.07227        0.06253        0.03352 
 firm4          0.26688       -0.12972        0.10803        0.01953       -0.00807 
 firm5          0.12247        0.04561        0.00499       -0.05117       -0.03941 
 firm6          0.13174        0.08261       -0.02485       -0.04521        0.15919 
 firm7          0.25146        0.14587        0.29787        0.03690        0.11018 
 firm8          0.11403       -0.01232        0.03069       -0.02581       -0.01633 
 firm9          0.30068       -0.05257       -0.09334        0.05326        0.08051 
 firm10         0.10125        0.01422       -0.03238       -0.04083        0.11460 
 
 


Table 2_5a gives the eigenvalues and the corresponding number of variations that can be explained 
by the five largest principal components from the small size sample. The largest eigenvalue is 9.51. 
The proportion of total variation that it explains is 6.9%, which is much lower than that of all 
samples mentioned above. The five common factors from the large sample size portfolio can 
explain about 13.06% of the total variation in the portfolio, which leaves the largest proportion, 
about 87% of the total variation to the idiosyncratic factors.  
 
Table 2_5b lists the factor loadings for the first 10 firms in our data set. As you can see, though 
most of the stock returns are more sensitive to the first principal component relative to the other 
principal components, the factor loadings for most of the firms in the small sample are relative 
lower than the other samples. Figure 2.9 plots the five extracted common factors for the large 
sample size. Figure 2.10 plots their conditional volatility. The patterns of these series are 
somewhat different from those of the other samples. 
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Figure 2.9                 Five Common Factors from the Small Sample  
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Figure 2.10                     Conditional Volatilities of the Five  
                                    Common Factors from the Small Sample  
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The general insight from this section is that systematic factors can explain a relatively larger 
variation of stock returns for large size stocks, while for small stocks, idiosyncratic risk account for 
a large proportion of the total risk, which indicates that idiosyncratic volatility is higher for small 
firms. We will further analyze the size effect on idiosyncratic volatility in Chapter 4, which indeed 
shows a negative effect. 
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Chapter 3 
 
 


The Persistent Properties of Idiosyncratic Volatilities 
 


 
It is well known that the conditional mean and volatility of stock returns change over time. 
Empirical evidence in the literature indicates that though the change in conditional mean is 
independent and hardly predictable, movements in conditional variance and covariance of stock 
returns are highly persistent and predictable. The high degree of persistence in the volatility 
process is well documented by the “GARCH” types of models (Engle (1982), Bollersler (1986)). 
Campbell et al (2001) decompose the volatility of a typical stock into market, industry and 
idiosyncratic volatility, finding that the time-varying idiosyncratic volatility component is highly 
persistent. Santa-Clara (2003) also has similar findings. This section examines the persistent 
properties of firm level idiosyncratic volatilities of stock returns obtained in Chapter 2 over the 
period of 1988-2001 by examining the autocorrelogram, unit root as well as the impulse response 
function of the volatility series of each firm. 
 
3.1 Autocorrelogram of the volatility series 
 
We first examine the persistence of volatilities by calculating the autocorrelations of the volatility 
series. The Autocorrelogram for the weekly conditional volatility series of the top 20 firms are 
reported in Table 3_1. Most of these series exhibit fairly high serial correlations. The table also 
reports the Ljung and Box (1978) portmanteau test for the joint significance of the autocorrelations 
of the volatility series from lag 1 to lag i using the formula of equation (12):  
    


 Q ~           (12) ∑ −
−−+≡


k


l
tttkl hhcorriTTTh ),()()2()( 1


21
,


2
1+−lkχ


 
The null hypothesis of no volatility clustering can be tested using the Ljung and Box (1978) 
portmanteau test. Asymptotically, it follows chi-square distribution. Among the 415 firms, all but 
22 firms failed to reject the null; the test statistics for most of the firms show high significance at 
lags of 96. These results are consistent with some recent studies which show that the long-run 
volatility dynamics of financial time series are best characterized by a fractionally integrated or 
long-memory process (Bollerslev and Mikkelsen (1999)). The general findings in this literature are 
that volatilities of stock returns are highly persistent and predictable. 
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Table 3_1       Autocorrelation Structure 
 


 
  Firm cnum     acf1     acf2    acf3     acf4   acf12   acf24    acf48   acf96     Q12     Q24      Q48       Q96 
 
   1 001957  0.99456  0.98853 0.98306  0.97748 0.93165 0.86856  0.70450 0.64626 8239.93 15499.36 27217.46 38133.16 
   2 002824  0.98359  0.96685 0.95082  0.93592 0.85025 0.73860  0.45130 0.38371 7341.00 13054.89 19740.61 21599.57 
   3 097023  0.98658  0.97289 0.95705  0.94145 0.81295 0.73482  0.59603 0.57491 7192.94 12474.41 20452.27 29281.26 
   4 110122  0.95169  0.89414 0.85276  0.83127 0.61440 0.39569  0.20987 0.19544 5239.68  7475.01  8842.92 10197.34 
   5 166764  0.87035  0.76126 0.67853  0.59143 0.19240 0.09931 -0.05836 0.01493 2266.53  2364.12  2455.52  2626.63 
   6 260543  0.97062  0.94120 0.91215  0.88467 0.71318 0.54787  0.36335 0.31345 6322.59  9669.15 13802.34 15578.35 
   7 263534  0.98779  0.97509 0.96291  0.94871 0.86085 0.74200  0.57130 0.55617 7525.06 13298.09 20977.59 32263.35 
   8 30231G  0.99175  0.98450 0.97787  0.97008 0.91752 0.84252  0.69553 0.66762 8081.20 15015.99 25873.11 37852.63 
   9 369604  0.99036  0.98006 0.97143  0.96329 0.90652 0.81626  0.59796 0.52710 7959.48 14620.74 23925.71 29834.30 
  10 370442 -0.04313 -0.01195 0.02386 -0.06796 0.02287 0.01264  0.05155 0.00528   15.82    30.85    65.25    107.88 
  11 458140  0.91481  0.83256 0.76591  0.71968 0.34623 0.06491  0.13622 0.15877 3528.51  3789.21  3945.41   4237.88 
  12 459200  0.96889  0.94210 0.91195  0.87874 0.69804 0.55619  0.33233 0.30228 6042.29  9392.95 12994.79 14463.84 
  13 478160  0.95767  0.91543 0.87814  0.84479 0.63489 0.48893  0.24541 0.22423 5436.13  8164.69 10763.55 13266.14 
  14 532457  0.98667  0.97416 0.96262  0.95254 0.87202 0.77604  0.62926 0.60019 7674.49 13751.24 22776.24 33162.12 
  15 589331  0.99166  0.98328 0.97514  0.96847 0.91037 0.80582  0.63671 0.60335 8031.68 14624.98 23976.66 31745.01 
  16 594918  0.97721  0.95400 0.93323  0.90772 0.74186 0.55862  0.29104 0.20752 6532.16 10189.44 13988.67 14656.37 
  17 620076  0.96538  0.93570 0.90600  0.88102 0.71618 0.59019  0.40841 0.41535 6160.48  9707.76 14078.12 17979.29 
  18 717081  0.96358  0.92368 0.88795  0.84781 0.67995 0.54997  0.23611 0.21087 5684.43  9096.24 11709.32 12607.90 
  19 742718  0.93764  0.88415 0.84766  0.81872 0.52004 0.38921  0.31356 0.25452 4670.53  6454.12  8762.56 10301.24 
  20 780257  0.95383  0.91291 0.88208  0.84633 0.55785 0.26398  0.43987 0.49690 5165.64  6404.00  8272.71 14108.97 
 
This table reports the Autocorrelation Structure of weekly conditional volatilities. acf i is the autocorrelation of lag i.  Qi is the Ljung and 
Box(1978) portmanteau test for the joint significance of the autocorrelations of the volatility series of  from lag 1 to lag i. Ljung and 
Box(1978) portmanteau test is used to test the null hypothesis of no volatility clustering. Asymptotically it follows chi-square distribution. 
 


 







3.2 Unit Root Test 
 
On the other hand, the high serial correlation of the volatility series raises the possibility that they 
may contain unit roots. If a volatility series deviates from its long-run mean for a long period of 
time, then it will raise doubt about the existence of stationarity. We next employ the (Augmented) 
Dicky and Fuller (1979)(ADF) t-test, which is based on the regressions of a time series on their lag 
values and lagged difference terms that account for serial correlation. If the null hypothesis of a 
unit root is rejected, then it indicates that the series is stationary. The number of lagged differences 
to be included can be determined by the standard t-test of significance on the last lagged difference 
term. Table 3_2 and Table 3_3 report the unit-root test result for the conditional idiosyncratic 
volatility series of 10 firms each. See Table 3_2 and 3_3 in Appendix 5. Table 3_2 shows that the 
hypothesis of a unit root is rejected for 330 firms’ volatility series at the 10% level, which is in 
favor of the alternative hypothesis of stationary.  Table 3_2 shows that the hypothesis of a unit root 
is failed to be rejected for the 90 firms’ volatility series at the 10% level.  
 
 
Table 3_2                                       Unit Root Test 
 
                                  Obs    lag order      ADF_t   firm 
 
                            1        7        -6.8148     1 
                            2        0        -6.8500     2 
                            3        6        -2.9739     3 
                            4        4        -8.4022     5 
                            5        7        -6.8864     7 
                            6        5        -3.7226     8 
                            7        0       -11.4000    10 
                            8        4        -5.6027    11 
                            9        1       -12.8850    12 
                           10        1        -3.3003    13 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 35







Table 3_3         Unit Root Test 
 
                                  Obs    lag order      ADF_t   firm 
 
 
                            1        6        0.0590      4 
                            2        4       -2.1817      6 
                            3        2       -2.1895      9 
                            4        7       -2.0647     15 
                            5        5       -2.4591     30 
                            6        2       -2.4173     34 
                            7        5       -1.8200     44 
                            8        6       -1.7044     45 
                            9        6       -1.2095     50 
                           10        6       -1.2405     52 
 
 
*  These two tables reports the unit-root tests for the conditional idiosyncratic weekly volatility series using ADF_t 
statistic which is based on the regression that contain a constant. The number of lags is determined by the standard t-
test of significance on the last lagged difference term and is reported in the table.  These two tables show the 
hypothesis of a unit root is rejected or failed to be rejected respectively at 10% level.   
 


 
3.3 Impulse Response Function 
 
The persistence of shocks on volatility can also be studied in the context of impulse response 
analysis. The impulse response function measures the time profile of the effect of a shock on the 
behavior of the volatility series. Technically, as discussed in Hamilton (1994), the interpretation of 
an impulse-response function is the effect of a primitive impulse itε on  and can be obtained 


in a VAR setting by simulation. With EGARCH model, the impulse-response function, that is, the 
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The simulation process is as follows (we omit i for the present): 
 
Set the value of initial shock at time 0, 10 =z , and set the value of z  for all other dates to 0. The 
initial value of volatility  is set to its unconditional mean, that is, 1−th ))1/(exp(0 β−= wh . Then we 
can compute the value of  for  from the above equation. th 1=t
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Next, substitute along with back into equation 1) and calculate    1h 1z 2h
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Continue in this fashion, then the value at step t gives the effect of a one-unit change in  on . 0z th
 
Figure 3_1 shows the impulse response function at weekly frequency for the top 20 firms ranked 
by the market capitalization.  
 
 
Figure 3_1 Impulse Responses on the Conditional Idiosyncratic Volatilities  
                                                     of the Top 20 Firms 
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Figure 3 shows that the impulse response affects of the 20 firms are in general different. For some 
of the firms, the impulse response affects last more than 54 weeks. 
 
The general finding in this section is that firm level idiosyncratic stock volatilities are persistent.  
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Chapter 4 


 


Fundamental Uncertainties and Idiosyncratic Volatility 


 


4.1 Literature Review 


There are two interesting empirical findings about stock return volatility in the financial economics 
literature. First, changes in return volatility tends to be persistent, giving rise to the well-known 
volatility clustering and “GARCH-type” behavior of the return series as we discussed in chapters 2 
and 3. Second, there is an excess volatility of stock price relative to the fluctuation in fundamentals. 
Shiller (1981) shows that the stock price is about five times volatile to be justified by changes in 
fundamentals, and could not be matched by the variability of perfect foresight prices from the 
present valuation model. Their evidence shows an obvious violation of variance bounds implied by 
the efficient market theory. The variance bounds literature refers to testing stock price valuation 
models with an assumption of constant discount rates. The fundamentals used in the valuation 
model can be dividends or earnings. Shiller (1981) examined the real Standard and Poor 
Composite Stock Price series using the following dividend model: 
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where is the stock price at time t, r is the assumed constant discount rate, C  is the dividend at 
time t. The perfect foresight stock price at time t obtained from the realized dividend series  is 
defined as: 
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The perfect foresight stock price p  is the price at time t given the investors know the whole 


future path of a firm’s cash flow. Equation (19) says  , which leads to the variance 
bound: 
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This unequal condition is violated by the U.S. stock price indices, which implies that US stock 
prices appear to be too volatile given the relatively smooth process for aggregate dividends. 
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Much effort in the literature has been devoted to the sources of this excess stock price volatility by 
testing whether stock prices and dividend series are non-stationary or the discount rate is time-
varying. The general conclusions from these studies are, first, that time-varying expected returns 
cannot account for the excess volatility unless strong risk aversion is assumed (Grossman & Shiller 
(1981)), and second, the non-stationary dividend process cannot fully explain the violation of the 
variance bounds. The critical assumption in the volatility test is that dividends were trend 
stationary (Shiller (1981)); but this assumption was subsequently criticized by Kleidon (1986b), 
who found some evidence that excess volatility in stock prices could be partially explained by 
assuming a non-stationary dividend process. For such a process, the warranted stock price does 
move proportionally with dividends, which is in contrast to the warranted stock price process 
implied by Shiller’s stationary model. However, Dejong and Whiteman (1991) conducted unit root 
tests on price and dividend process and could not find unit roots in these series, so the non-
stationary dividend process was rejected. The findings from these studies imply the assumed 
properties of the cash flow process can be important for the outcome of the volatility test.  


One of the explanations of this anomaly could be the assumption throughout the literature that 
investors have perfect information about the cash flow process. That is, the fundamentals evolve 
according to a known stochastic process, so that agents form rational expectations based on the 
true cash-flow generating process and the true parameter values associated with this process. This 
is criticized by some recent studies. If we look back to the variance bounds equation in 
(15), , we realize that the perfect foresight price P is based on the perfect 
information of the realized and known cash flow process, while P  is the ex ante price which is 
based on the expectation of the unknown cash flow process. With perfect information and rational 
investors, the bounds may hold. However, when imperfect information about the true cash flows 
generating process is present, the excess volatility will be created during the pricing and trading 
process due to uncertainty. The ex post  P  from the realized dividend process will in general 


differ from the expected ex ante value of P from the present valuation model. Uncertainty 
amplifies volatility due to heterogeneous belief and risk aversion of investors during the pricing 
process. It is quite possible that rational investors’ valuations of the underlying unknown cash flow 
process diverge from each other. The higher the degree of uncertainty, the greater the dispersion of 
the expectations and the valuation of a stock (Miller (1977)) associated with a cash flow path. The 
larger the disagreement about a stock’s valuation, the higher the deviation of the market price 
relative to the true value. In addition, the expectations of the present value of a firm’s cash flow 
will be updated over time as more information is available. As the degree of uncertainty gradually 
reduced, volatility will become lower and the stock price will eventually converge to the true value. 
Excess volatility is generated through the learning process of the valuation of a firm.  Therefore, 
stock prices variability is argued to be determined by two components in some recent studies: One 
is the variability of the fundamentals themselves and the other is the learning process associated 
with fundamental uncertainty and the information asymmetry.   
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Bulkley et al. (1998) conducted an empirical test of excess volatility on a large cross-sectional 
sample of equity prices of a U.K. data set. Their evidence shows that indeed there is excess 
dispersed cross-sectional volatility. However, unlike previous work, which was based on the 
aggregate time series analysis, their finding show that the cross section mis-pricing can not be 
explained by the macro-component of time-varying risk premium, which can cause movement of 
all stocks in the cross-section, their results identified both underpricing of some stocks and 
overpricing of others in the same period, which implied that a micro-component is required to 
explain their results. They further tested the hypothesis proposed by Lakonishok, Shleifer and 
Vishny (1994) that this cross-sectional mis-pricing is due to excessively dispersed earnings growth 
expectations. They conclude that some part of the excessive volatility of actual stock prices can be 
attributed to the revisions of an agent’s estimation of the dividend process. 


There is a growing body of literature that explains the excess and persistent volatility by assuming 
the unknown stochastic cash flow process and parameter uncertainty that is associated with this 
process (e.g., Timmermann (1993, 1996); Veronesi (1999); Brennan & Xia (2000); Lewellen & 
Shanken (2002); Pastor and Veronset (2002)). The underlying cash flow process contains the 
unknown and time-varying parameters that have to be re-estimated and updated each period 
through the observed realized cash flows or whatever information is available when making 
decisions. This can be modeled as Bayesian updates (Lewellen & Shanken (2002)). Uncertain cash 
flow process necessarily affects prices at a given point in time through its impact on investors’ 
beliefs. The existence of uncertainty causes the appearance of overreaction.  As long as the 
estimates of the expected cash flows diverge from the true fundamental values, stock prices will 
deviate from their true value and be excessively volatile. In addition, the parameters associated 
with the cash flow generating process may change over time, so investors will never learn the true 
cash flow process, which may be the reason for the high persistence of the component of long-run 
volatility. Uncertainty declines over time due to learning. Stock prices tend to move toward 
fundamental values over time as investors update their beliefs using the Bayes rule. If current 
belief about expected value is greater than the true mean, prices will be temporarily inflated and 
will drop in the future. If current belief about expected value is below the true mean, prices will be 
temporarily depressed and will eventually rise.  


Timmermann (1993, 1996) adds learning to the present valuation model, which explains excess 
volatility by introducing uncertainty about the mean and variance of the growth rate of dividends 
in a non-stationary dividend process in 1993, and uncertainty about drift, trend and persistence 
parameters in a trend-stationary dividend process in 1996, respectively. In addition to the volatility 
caused by changes in the dividends process itself, learning adds additional stock price variability as 
learning entails constant updating of estimated parameter values of the uncertain cash flow process. 
These estimates change over time through Bayesian updates, and the variance of the estimates will 
be high during the periods when there is high uncertainty, which contributes to the excess volatility.  
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Brennan and Xia (2000) developed a general equilibrium model of stock price with rational 
learning which can explain the excess volatility and equity premium puzzle by assuming that the 
dividends follows a stochastic lognormal process with a time-varying stochastic, but mean-
reverting growth rate of the dividend flow. The uncertainty of the growth rate of the dividend 
process introduces an additional element of learning into the stock valuation process, which 
increases the volatility of the underlying stock prices. This study shows that volatility is stochastic 
and depends on the investors’ current assessment of the uncertainty of the growth rate in the 
dividend process, the volatility of the dividend itself, and the covariance between these two.  


When focused on firm specific uncertainty, firm level stock volatility should be contributed by 
uncertainty about a firm’s earning prospect. Pastor and Veronset (2002) developed a continuous-
time framework for valuing the stock of a firm whose profitability is mean-reverting to incorporate 
uncertainty and learning into the valuation model; the firm’s specific uncertainty about average 
profitability raises the firm’s valuation and variance in stock prices. In their model, the 
idiosyncratic volatility is contributed by two parts: the idiosyncratic volatility of profitability and 
the uncertainty about a firm’s profitability. They use firm age and market value to book value ratio 
(M/B), leverage, dividend dummy as proxies for uncertain profitability, and find that the proxies of 
these firm characteristic variables, as well as volatility of profitability, have significant effects on 
firm idiosyncratic return volatility.  


The general conclusion from these studies is that the excess and persistent stock volatility observed 
in the data is mainly contributed by the uncertainty of the hidden state variables and the learning 
effects over the unknown stochastic fundamental process. Stock return volatility increases with the 
volatility of a firm’s profitability, which is present even when there is no uncertainty and a firm’s 
average profitability is known. When a firm’s profitability is unknown, uncertainty generates the 
excess and persistent stock volatility during the learning process. We will test this hypothesis by 
examining the variables that are associated with the uncertainty about a firm’s profitability and 
change in the expectations of a firm’s profitability. In section 4.2, we will discuss the theoretical 
foundation in specifying a number of measures to capture the fundamental sources of uncertainties 
at the firm level. Section 4.3 develops an empirical model and performs various hypotheses tests of 
fundamental uncertainty, which are proxied by a firm’s characteristic variables, on firm 
idiosyncratic volatility.  


4.2 Theoretical Foundation 


The present valuation model implies that changes in stock prices should be caused by changes in 
the expectations of a firm’s entire uncertain cash flow stream. If there are no destabilizing forces 
that can change a firm’s future net cash flow, the expectations about a firm’s value and stock price 
will not change. In this chapter, we will focus on studying the effects of firm- specific risk factors 
on firm-level idiosyncratic volatility.  
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The disequilibria forces that change the time path of a firms’ profitability can either arise from 
demand shocks or a shift in technology opportunities, or both (Gort (1963), Gort and Wall (1986)). 
Therefore, a firm’s investment decision and its profit are subject to both technology and demand 
shocks. Rapid change in technology can affect a firm’s investment decision and alter its relative 
competitive strength and market shares. On the other hand, the exogenous demand shift factors can 
affect a firm’s earning prospect through its direct effect on a firm’s sales and investment decisions. 
Investment activities may rise in response to the exogenous random shocks as a result of changes 
in consumers’ tastes or quality-enhancing product innovations and so forth.  


The model in this part mainly comes from  Jovanovic and MacDonald (1994a) who shows that for 
a price taking firm, the firm’s actions can be represented by a vector ( q ), where q is the rate of 
output and l represents its learning efforts, including the level of R&D investment in the usual 
sense.”  Both demand and technology shocks can affect a firm’s profitability through its effects on 
a firm’s R&D investment and output or other innovative cost saving activities depending on a 
firm’s state of technology and relative efficiency (


l,


θ ), where θ  is often modeled as a random 
variable and can be changed through learning by doing (Gort & Lee (2002)). Firms differ in their 
relative efficiency which is found to be related to a firm’s age and size. A firm’s innovative 
activities are endogenously determined by a firm’s relative efficiency and the ability to adopt new 
technology. Firms may not respond to the technology shock simultaneously and with the same 
magnitude, with the result that the relative competitive position and a firm’s market shares being 
altered.  Therefore, we take the demand uncertainty (d), a firm’s R&D investment ( l ) and output 
( q ) as well as a firm’s relative efficiency (θ ) which can be proxied by firm size as the main 
determinants of a firm’s earnings. A firm’s profit function or cash flow at time t thus can be 
written as: 


),,,( dlqct θ              


In order to specify the evolution of θ , let ),,,|'( dlq θθΦ  be the posterior probability that θ ≤ 'θ . 
The next periodθ of a firm is not known at the beginning of each period. The posterior probability 
will be updated based on the firm’s current technology state and the prior belief about θ  in each 
period.  In addition, suppose d  is a realization of a Markov process , which has transition law 


 is given. Let V denote the valuation function at time t. Then, at the beginning of 
each period, a firm’s management will face the following problem of maximizing: 


t


t


tD


01 );|( dddF tt+


)}|'(),,,|'()','(),,,({max),(
),(


dddFdlqddVdlqcdV
lq


θθθβθθ Φ+= ∫   (22) 


where β  is the discount factor. The decision variables for a firm in each period are its R&D 
investment ( ) and output ( ). l q


 Stock price related to the fundamentals according to the following present valuation model: 
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Demand shock and technological opportunities will alter a firm’s profitability through changes in 
the variables of θ,, lq . The market will thus reevaluate of a firm’s relative competitive position 
and earning’s prospect, which will cause the change in stock prices. As argued by Pake (1985), “if 
an event does occur that causes the market to reevaluate the accumulated output of a firm’s 
research laborites, its full effect on stock market value ought to be recorded immediately. This full 
effect is, of course, the expected effect of the event on future net cash flows and need not be equal 
to the effect that actually materializes.” Thus stock prices are valued by expectations rather than 
realizations of fundamental changes. The constant revision process on the expectations generates 
the persistent and excessive fluctuations in stock prices.   


4.3 Hypotheses and Empirical Framework 


The empirical approach is then to specify a model with variables that contain information of the 
degree of uncertainty of a firm’s net cash flow that either comes from demand shocks or 
technological opportunities. Our primary purpose is to examine the extent to which variation of 
individual stock returns can be explained by fundamental uncertainties which are proxied by a 
firm’s characteristic variables. Mainly, we will test the hypothesis that a firm’s idiosyncratic 
volatility increases with a firm’s R&D intensity and demand uncertainty using a firm level panel 
data set. A firm’s R&D intensity contains information about the uncertainty of a firm’s 
profitability. Given the uncertain results associated with a firm’s R&D expenditure, it is plausible 
to think that the net cash flow of a R&D intensive firm is highly uncertain. In addition, a firm’s 
R&D expenditure is an important type of a firm’s intangible assets which is usually not reported in 
financial statements. The market value of a firm with substantial intangible assets is more difficult 
to estimate because less disclosed information is available. We also constructed a variable that can 
be used as a proxy for demand uncertainty which is known to affect a firm’s earning’s prospect. 
Other variables that can be used as proxies for a firm’s uncertain cash flows are: firm size, which 
can be used as a proxy for a firm’s relative efficiency, a firm’s focus variable, leverage, 
unexpected change of a firm’s productivity as well as industry technology intensity. In addition, 
we use trading volume to control the volatility generated from the trading process either because of 
noisy traders or trades for the liquidity purpose, which is shown to be closely related to the short-
run volatility dynamics (Andersen (1996), Liesenfeld (1998b, 2001)). Furthermore, we will 
examine the effects of changes in market expectations and heterogeneous belief proxied by 
variability of analysts’ earnings forecasts.  
 


a) Idiosyncratic stock volatility increases with a firm’s R&D intensity; 
b) Idiosyncratic stock volatility increases with demand uncertainty; 
c) Idiosyncratic stock volatility increases as the volatility of a firm’s profitability rises; 


 45







d) Idiosyncratic stock volatility increases with firm’s leverage; 
e) There is a very significant and negative relationship between firm size and idiosyncratic 


volatility; 
f) The stock returns of firms in R&D intensive industries are more volatile than those in less 


R&D intensive industries; 
g) Changes in earnings expectations positively affects idiosyncratic stock volatility 


 
We organize the structure in this section as follows: In section 4.3A, we will discuss each variable 
and the associated hypothesis and specify the empirical model. In section 4.3B, we will discuss the 
relationship between volatility and trading volume. In section 4.3C, we perform the panel data 
analysis to test the above listed hypothesis. In section 4.3D, we perform the panel data analysis of 
analysts’ earnings forecasts variability on idiosyncratic volatility. In section 4.3E, we will further 
examine the above listed hypothesis using the idiosyncratic volatility measure from the CAPM 
model with two unbalanced panel data sample. We conclude in each section. 
 
 4.3A Empirical Model   


4.3A1 Variables Discussion 


According to the discussion in section 4.2, we specify the following variables in our empirical 
model: 


1) Firm size 


Firms are created to pursue profitability ventures based on innovative ideas and technologies 
which are sometimes patent-protected. A new firm’s investment decision is made by leveraging its 
initial endowments, skills and capabilities (i.e., resources); however, a firm might be confronted 
with substantial uncertainty about the degree to which its resources will generate economic rents, 
which may lead to less initial investment. The higher the uncertainty, the more difficult it would be 
to obtain the initial funds and the less the initial investment will be. The profitability of a new firm 
can be abnormal for an extended period of time. However, uncertainty declines over a firm’s 
lifetime due to learning. If a firm survives in the competitive market, it should be a more efficient 
firm. One way that firms learn about their resources is by gradually undertaking investments and 
observing their outcomes (Jovanovic (1982)). As a firm learns more about its efficiency through 
learning by doing, it will invest more and will have much easier access the capital market for funds. 
Firm size thus can be used as a proxy for a firm’s relative efficiency which reflects the degree of 
uncertainty that is associated with its future earning prospects. The realizations of various 
performance measures, such as profits, revenues, and the growth in market shares, provides signals 
about the degree of the firm’s resources for generating profit. The signals are valuable for guiding 
future investment decisions. Hall (1987) found some evidence that the variance of firm growth rate 
depends on firm size in a small-firm sample. Agarwal and Gort (2002) also use firm size as a 
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proxy for the uncertainty of a firm’s future prospect. Uncertainty will decrease as firm size 
increases through learning by doing. The negative relationship between firm size and total stock 
volatility is found in Cheung and Ng (1992). In addition, larger firms tend to have a better 
information environment and more disclosure than smaller firms, which also reduces information 
asymmetry about a firm’s earnings prospect, so that investors can have a more precise estimation 
of the value of a firm and stock price. All in all, we will expect that idiosyncratic volatility is also 
negatively correlated with firm size. 


2) Firm and Industry Technology Intensity  


A firm’s R&D activity contains information about the uncertainty of the firm’s profitability. Firms 
with more intangible assets tend to have higher earnings variability and are found to have more 
volatile returns (Chan, Lakonishok & Sougiannis (1999)) and higher volatility persistence (Peng & 
Xiong (2001)). Given that technology-based firms devote a large portion of their resources to 
research and development, it is fair to suspect that a firm’s fortune may rise or fall depending on 
the results of its R&D activity.  The effect of uncertainty on the valuation of R&D can be 
explained by the option theory of investments (Oriani & Sobrero (2001)). An option is a choice 
between doing nothing and paying a fixed amount of premium to purchase an uncertain asset. In 
this setting, the asset is the investment in R&D for creating or adopting new technology, which has 
uncertain benefits and costs that may change over time. If a firm has an option on a new 
technology investment, and if it sees that an uncertain payoff reaches a certain value (the strike 
price), the firm will exercise the option. So a firm decides to invest in new technology or adopt a 
new technology only when the expected benefits of doing so are greater than its associated 
expected costs. Uncertainty about the costs, benefits or the length of the life of a new technology 
determines the R&D investment and the rate of diffusion (Hall 2004). Uncertainty positively 
affects the value of the R&D expenditure and capital because it has a direct impact on the 
variability of expected profits from potential innovations. The creation and capture of technology 
through R&D expenditures will be reflected in the outcome of R&D investments and will be a 
source of higher profitability. Due to the uncertainty of the R&D outcome, a firm with a large 
proportion of R&D expenditure, which is measured by a firm’s R&D intensity, is expected to have 
excess idiosyncratic volatility.  


Similarly, we can use the unexpected change of a firm’s productivity as a measure of uncertainty 
from technology shock. A firm with greater uncertainty, as reflected by a higher R&D intensity or 
an unexpected change of productivity, we can expect its profitability stream and so the stock price 
to be more volatile. 


The uncertainty degree of a firm’s profitability stream also depends on the industry environment in 
which a firm operates. Firms differ in the amount of R&D investment due to their relative ability 
to create and adopt new technologies and the competitive industry environment. While it is 
difficult to measure the degree of uncertainty, Audretsch, Menkveld and Thurik (1996) show that 
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industries where R&D plays an important role tend to be characterized by high uncertainty, 
asymmetric knowledge and the high costs of transacting that knowledge. If a firm is in a high-tech 
industry, it has to invest more in R&D in order to maintain its competitive advantage, compared to 
a firm in a low-tech industry. Thus, the industry technology intensity can also serve as a proxy for 
firms’ uncertain prospects. Table 4_1 below provides the summary statistics on R&D activity for 
some selected industries in which R&D intensity is greater than 3%. Industry R&D intensity is 
calculated as the average industry expenditure of research and development as a percentage of 
average sales during the period of 1988-2001.  


The figures in the table illustrate that R&D spending is heavily concentrated in technology or 
science-intensive industries. By far, the largest value of R&D intensity is in the pharmaceutical 
industry where R&D spending is about 10% of industry net sales. The next in the industry ranking 
is the computer programming and software industry in which this spending is 7.8%.  


Table 4_1 
 


       Intensity of Research and Development Activity for some Selected Industries 
 
SIC Industry R&D Intensity No. of firms 
283 Pharmaceuticals 10.73 34 
737 Computer programming, software  


& services 
7.78 29 


36 Electronic and other electric 
equipment  


7.00 58 


35 Industry Machinery and equipment 5.29 52 
38 Measuring Instruments 5.01 51 
37 Transportation Equipment 4.35 19 
138 Oil and gas extraction 3.77 3 
 
The numbers in the third column are the average R&D Intensity for the selected industries over the periods of  
1989-2001 of all firms in our data set. R&D Intensity is defined as R&D expenditure as a percentage of net sales.  


3) Demand Uncertainty 


One of the hypotheses we postulate is that increased demand uncertainty, for example from 
changes in consumer’s taste or quality-enhancing technology improvement results in uncertain 
profit opportunities leading to increases in idiosyncratic volatility. We will test this hypothesis by 
performing an empirical analysis of the relationship between demand uncertainty and idiosyncratic 
volatility, and we will expect a positive relationship between them as in Agarwal, Bharath and 
Viswanathan (2004), who perform a cross-section analysis and find a positive relationship using 
quarterly sales data. We construct a similar measure of demand uncertainty using a firm’s annual 
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sales of data. Yearly data are used because the long-run effects of changes in fundamentals on 
equity market. For each firm, we can obtain the measure of demand uncertaintyUNd  by running 
the following AR (1) process for the growth rate of sales: 


it


ittit gsgs εαα ++= −110     (24) 


Where  refers to the growth rate of sales for firm i in year t. Demand uncertaintyUNd  is 
proxied by the absolute value of the residuals |


itgs it


itε |. It measures the unexpected change of a firm’s 
sales growth.  


4) Diversification effect  


The equity stake in a multi-segment firm can be viewed as a call option for a portfolio of business 
segments (Black and Sholes (1973)). If the correlation between the return to each segment is less 
than 1.0, and if a firm becomes more focused by divesting one or more segments, standard 
portfolio theory predicts that the volatility of equity returns will increase. We use a dummy 
variable as a measure of a firm’s focus. If a firm operates in a multiple business line, then it is 
equal to 1; and if in a single business line, it is equal to 0. 


5) Leverage  


Black (1976) and Christie (1981), among others, have pointed out that an increase in leverage 
could amplify the volatility of stock returns. We will expect that leverage also has a positive effect 
on a firm’s idiosyncratic stock volatility. 


6) Volatility of Profitability 
 
Stock return volatility increases as the volatility of a firm’s profitability rises, which is present 
when its average profitability is known. When a firm’s profitability is unknown, uncertainty 
amplifies the volatility of stock returns due to learning (Pastor & Veronset (2002)). Therefore, 
stock prices are much more volatile than the underlying fundamentals. In this study, we use return 
on equity (ROE) as a measure of a firm’s profitability, as in Pastor and Veronset (2002). ROE is 
defined as earnings divided by last year’s book equity. Volatility of a firm’s profitability (V_PROF) 
is estimated as the absolute value of residuals | |eitε  from the following AR (1) model for each 
firm’s return on equity (ROE).  
 


eittiit ROEROE εββ ++= −1,10     (25) 
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7) Trading Volume 


Stock volatility is also generated during the trading process. Trading volume, which is used as a 
proxy for the latent information arrival process, is found to be closely correlated with volatility 
dynamics. Trading volume can be measured by either the raw trading volume or turnover in the 
literature. With the raw trading volume, we have to detrend each series for 415 firms.  Here we 
adopted the measure of turnover as used by Anderson (1996) among others. Turnover can be used 
as a proxy for trading volume and is defined as the transaction volume divided by the number of 
shares outstanding. We take turnover as a measure of trading volume which is used as a control 
variable for the short run volatility dynamics in the model. 


4.3A2 Empirical Model 


With the considerations in 4.3A1, we specify the following empirical model: 
 


tttt uXVolh 110 +++= βαα                       (26) 
 
where  is the annualized idiosyncratic stock volatility. Vol  is trading volume, X  is the set of 
the exogenous industry and firm specific variables. The variables included in as well as in the 
model are listed in Table 4_2 (See Appendix 1 for data construction). 


th t t


tX
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Table 4_2      Variables Used in the model 
_________________________________________________________  


  Variables  Description    
  _________________________________________________________   


SIZE  Measured by firm assets and is used in its log forms 
RD A firm’s R&D intensity, which is defined as a  


firm’s R&D expenditure as a percentage of net sales 
lRD  One lag of a firm’s R&D intensity  
UNd    Demand uncertainty measured by unexpected change in  


the growth rate of sales 


LEV A firm’s leverage ratio is equal to the value of long- 
term debt divided by the market value of a firm’s equity.    


INRD   Industry technology intensity. 
V_PROF Volatility of a firm’s profitability. 
VOL  Trading volume. 
h  Idiosyncratic volatility (h_e below represents the  


idiosyncratic volatility obtained from EGARCH model). 
UNp *  Unexpected change of a firm’s productivity measured  


by the absolute value of the surprise from an AR (1)  
model of labor productivity on its first lag  


lUNp * Lagged unexpected change of a firm’s productivity 
  __________________________________________________________ 


* Labor productivity is defined as the number of employees divided by net sales. 
The unexpected change of a firm’s labor productivity is obtained from an AR(1) 
model for each firm. We use the unexpected change of a firm’s labor productivity 
and the lagged unexpected change of a firm’s labor productivity as substitutes for 
R&D intensity and lagged the R&D intensity for a robust check in the model. 


 
 


4.3B Volatility and Trading Volume  
 
Volatility can be generated from the trading process. Movements in stock prices and trading 
volume are influenced by the flow of new information and the process that incorporates this new 
information into the market prices. There are two theoretical explanations for the observed 
volume-volatility relations of stock. These are the sequential information arrival of information 
hypothesis (SIAH) of Copeland (1976) and the mixture of distribution hypothesis (MDH) 
advanced by Clark (1973). The SIAH suggests that information is disseminated in a random 
sequential fashion. This sequential reaction to information implies that lagged volume may have an 
influence power on current volatility and vice versa. On the other hand, the MDH posits a joint 
dependence of returns and trading volume on the rate of information flows. The empirical studies 
in recent literature focus on the contemporaneous relationship between volume and the absolute or 
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squared values of stock return which is used as a proxy for volatility and documented a positive 
correlation between these two variables in data sampled at various frequencies. Here we revisit the 
MDH and examine the contemporaneous correlations between volatility and volume to see how 
the variable of trading volume enter the model of (26)(We will test the causal relationship of SIAH 
between volatility and volume in Appendix 6).  
 
Numerous tests as well as the test in our study found contemporaneous positive correlations 
between volatility and volume(the Pearson correlation coefficient between trading volume and the 
volatility from the EGARCH model at annual frequency in our data set is 0.26789 and statistically 
significant). Though empirical evidence from these tests support MDH in that price changes and 
volume are contemporaneously and positively correlated and might follow a bivariate distribution 
with the number of information arrival serving as mixing variables, one might question the 
asserted causality or endogeneity between trading volume and volatility. The estimates may have 
simultaneity bias if assuming volume is weakly exogenous as pointed out by some studies.  In 
addition, the results of Anderson (1996) and Liesenfeld (1998b, 2001) revealed that the arrival of 
the latent information arrival process cannot fully account for the persistence of the volatility. Both 
Andersen’s and Liesenfeld’s studies, which estimate the bivariate mixture models with an 
autocorrelated latent information arrival process, found that using the bivariate mixture model, the 
measure of volatility persistence drops significantly relative to the univariate specification for 
volatility only. So the bivariate mixture model fails to capture the high persistence in the volatility 
of price change process. The empirical findings in Liesenfeld (2001) suggest that movements in 
volatility and trading volume are caused by the simultaneous interaction of the News information 
arrival process and traders’ sensitivity to the news information process which is directed by the 
degree of fundamental uncertainty. The information arrival process which determines the volume 
and short-run return volatility is substantially less persistent and hence more difficult to predict 
than investors’ time-varying sensitivity to information arrival process. Therefore, volume and 
volatility are connected via the information arrival process. The factors associated with the 
investors’ sensitivity to news information are the major factors that determine the behavior of 
long-run volatility persistence.  
 
In sum, a firm’s future cash flow is uncertain and unknown. Informed investors use all available 
private and public information, such as inflation, oil prices, firm earning announcements, the 
firm’s financing decisions, new investment plans and current and past investment activities, to 
constantly update their beliefs about the value of the risk assets such as stocks they purchase.  The 
variance of stock returns reflects the arrival of private information which may induce a dynamic 
evaluating and learning process that results in prices fully revealing the content of private 
information through the sequence of trades. Thus the numbers of information arrival as well as 
investors’ sensitivity to the news information that is determined by the degree of fundamental 
uncertainties are important factors accounting for the volatilities of stock returns. With the above 
consideration, in our empirical model, we use trading volume as a proxy for the latent information 
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arrival process, and the industry and variables in  specified in Model (26) as the proxy variables 
for fundamental uncertainties. We postulate that volatility and trading volume are jointly and 
simultaneously determined by the fundamental uncertainties and volatility of a firm’s profitability. 


tX


 
Next, we test the endogeneity of trading volume in the volatility equation of (26).  
 


tttt uXVolh 110 +++= βαα                       (26) 
 
We do this by specifying a dynamic model for trading volume as in Covrig and Ng (2004) in the 
equation (26).  
 


tttt uXVolVol 2110 +++= − βγγ          (27) 
 
The instrument variables for Vol  in this model are the predetermined variableVol  together with 
the exogenous variables in . 


t


t


1−t


X β  reflect the extent to which the market evaluates and assimilates 
news information that contained in these fundamental variables. When any variables in change, 
the market will reevaluate firm’s earnings prospect, if the new evaluated market value of the stock 
is different from the current price, then both the price and volume will change.  


tX


 
Before we perform this endogenuity test, we first differentiated (FD) all the variables in both 
equation (26) and (27) in order to remove the unobserved firm specific effects in the panel data set 
and get the following two equations. This is also favorable for the highly persistent data such as 
volatility and volume. 
 


tttt uXVolh 110 +∆+∆+=∆ βαα          (28) 
 


tttt uXVolVol 2110 +∆+∆+=∆ − βγγ                    (29)  
           
We then test the endogenuity of trading volume to volatility with the following equation using the 
method in Wooldridge (2002). We first estimate u  from equation (29) using the LS estimation 
technique, then we test the endogenuity with the equation (30) obtained from equation (28). The 
tested null hypothesis is: 


t2ˆ


01 =δ . If the null hypothesis of 01 =δ is rejected, then we can conclude 
that Vol  is endogenous.  t


 
ttttt uuXVolh 12110 ˆ ++++= δβαα             30) 


 
We use two sets of variables. One set of variables in X  contains R&D intensity of RD & lRD. 
The other set of variables in contains unexpected change in productivity and its lagged value 


and lUNp . Therefore, the two sets of instrument variables are listed as follows respectively:  


t


tX
UNp


 53







 
IVs1= (SIZE, RD, lRD, UNd , LEV, INRD, V_PROF, the lag of VOL) 
IVs2= (SIZE, UNp, lUNp, UNd , LEV, INRD, V_PROF, the lag of VOL) 


 
The t values for the null hypothesis test of H0: 01 =δ  using the above two sets of variables are 
8.12 and 8.08 respectively. The null hypothesis of no endogeneity is rejected with both sets of the 
variables, which proved that volume endogenously causes volatility.  
 
4.3C Fundamental Uncertainty and Idiosyncratic Volatility 


In this section, we perform panel data analysis to test the hypothesis that fundamental uncertainty 
which is proxied by some firm characteristic variables contribute to idiosyncratic volatility. Mainly, 
we test the positive relationship between idiosyncratic volatility and demand uncertainty as well as 
the uncertainty from technological opportunities proxied by a firm’s R&D intensity. Our panel 
data set consists of 415 firms over the period of 1988-2001.  As volume endogenously caused 
idiosyncratic volatility, we perform the panel data analysis using (28) and (29) as a two equations 
structured system.  


tttt uXVolh 110 +∆+∆+=∆ βαα          (28) 
 


tttt uXVolVol 2110 +∆+∆+=∆ − βγγ                    (29)  
 


We also use the two sets of variables in X  same as above, one with the variables of a firm’s 
current and lagged R&D intensity, the other with the variables of a firm’s unexpected change in 
current and lagged productivity. Variables of RD, lRD and UNp and lUNp are variables used as 
proxies for the uncertainty from technology shock respectively in the two sets, and the unexpected 
change of sales Und is used as a proxy for the demand uncertainty.  The results for the panel data 
analysis with the 2SLS estimation technique using the two sets of the first differenced variables in 


 as IVs are reported in Table 4_3 A and 4_3B respectively. The dependent variable in equation 
(28) is the annualized idiosyncratic volatility.  The annualized idiosyncratic volatility is calculated 
as the average value of weekly volatility estimated in Chapter (2) for each firm.  


t


tX
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Table 4_3A 
 


2SLS Estimates of Fundamental Uncertainty on Idiosyncratic Volatility  
 


SIZE 
 
RD 
 
lRD 
 
LEV 
 
UNd 
 
V_PROF 
 
INRD 
 
VOL 
 


-0.14236*                    -0.15574*                    -0.14314* 
   (-5.27)                          (-5.64)                         (-5.31)                    
 0.16577*                                                            0.1661* 
  (12.85)                                                              (12.91) 
 0.06553*                                                          0.05103* 
    (4.81)                                                                (3.67) 
 0.07651*                      0.07357*                     0.07331* 
    (4.30)                           (4.05)                           (4.13) 
                                      0.17198*                     0.16978* 
                                         (5.29)                           (5.22) 
   0.0127*                      0.01252*                    0.01236* 
    (5.12)                            (4.95)                          (5.00) 
 0.00583                         0.00698                       0.00578 
    (0.39)                            (0.46)                          (0.39) 
 0.41043*                       0.43446*                       0.4125* 
   (4.76)                             (4.93)                          (4.79) 


Adj-Rsq 
      N 


 0.04667                         0.01701                       0.05115 
     4565                              4565                            4565 


           2SLS estimation on the panel data set of 415 firms during the period of 1988 to 2001. The 
dependent variable is the annualized idiosyncratic volatility which is the average value 
of weekly volatility estimated in Chapter (2) for each firm. The independent 
variables include: SIZE (firm size), RD (R&D Intensity), lRD (lagged R&D Intensity), 
LEV (leverage), Und (unexpected change of sales), V_PROF (variability of profitability), 
INRD(industry technology intensity), VOL (trading volume). The t statistics adjusted for 
heteroscedasticity are reported in the parenthesis.  


          * indicates estimates are significant at 1%.    
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Table 4_3B 
 


2SLS Estimates of Fundamental Uncertainty on Idiosyncratic Volatility  
 


SIZE 
 
UNp 
 
lUNp 
 
LEV 
 
Und 
 
V_PROF 
 
INRD 
 
VOL 
 


-0.15811*                    -0.15574*                    -0.15893* 
   (-5.69)                          (-5.64)                         (-5.73)                    
-0.08876*                                                         -0.08531* 
  (  4.15)                                                               (-4.00) 
 -.00840                                                            -0.02214 
  (-0.38)                                                                (-0.99) 
 0.07618*                      0.07357*                     0.07324* 
    (4.19)                           (4.05)                           (4.04) 
                                      0.17198*                     0.16315* 
                                         (5.29)                           (4.96) 
 0.01299*                       0.01252*                    0.01260* 
    (5.12)                            (4.95)                          (4.98) 
 0.00689                         0.00698                      0.00750 
    (0.45)                            (0.46)                          (0.49) 
 0.44133*                       0.43446*                    0.44285* 
   (4.98)                             (4.93)                         (5.01) 


Adj-Rsq 
 
      N 


0.01414                          0.01701                      0.01861 
 
     4565                               4565                          4565 


         We applied 2SLS to the panel data set of 415 firms during the period of 1988 to 2001. The 
dependent variable is the annualized idiosyncratic volatility which is the average value 
of weekly volatility estimated in Chapter (2) for each firm. The independent 
variables include: SIZE (firm size), UNp (unexpected change in labor productivity), lUNp 
(lagged unexpected change in labor productivity), LEV (leverage), Und (unexpected 
change of sales), V_PROF (variability of profitability), INRD( industry technology 
intensity), VOL (trading volume). The adjusted t statistics for heteroscedasticity are 
reported in the parenthesis. * indicates estimates are significant at 1%.    


 
It is seen from Table 4_3A and Table 4_3B that regardless of which subset of variables is included 
in the regression, the firm size coefficient is always significantly negative, suggesting that smaller 
firms generally have more uncertain cash flow and therefore small size stocks are more volatile.  
Demand uncertainty measured by an unexpected change in sales is significantly positively related 
to idiosyncratic volatility; that is, idiosyncratic volatility increased with demand uncertainty. We 
also find that firms with more volatile profitability have more volatile returns, as indicated by the 
coefficients of V_PROF. Leverage is observed to have a positive effect on idiosyncratic volatility. 
In addition, a firm’s R&D intensity has significant explanatory power of a firm’s idiosyncratic 
volatility, which implies that R&D intensive firms have more volatile returns. We also observed 
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the negative sign of unexpected change in labor productivity which we expected to be positive. 
This may be because of the weak correlation of idiosyncratic volatility with an unexpected change 
of labor productivity, which may not be a precise measure of uncertainty from technological 
shocks as R&D intensity, as well as because of the collinearity of this variable with the other 
variables in the data set.  We also reported the adjusted R-square in the table. But as pointed by 
Wooldridge (2002), the R-square for IV and 2SLS estimates has no natural interpretation because 
the endogeneity and the correlation of the regressor with the error term. We report here just for 
relative comparison of the model.  
 
4.3D Earning Forecasts Variability and Idiosyncratic Volatility 
 
Variation in earnings forecasts can be used as a measure of change in expectations associated with 
uncertainty and information asymmetry. The suggested hypothesis is that the larger the variation of 
earnings forecasts caused by overreaction, the larger the deviation of stock prices from the true 
value, and the higher the future volatility. In this section, we will test this hypothesis by using the 
variation of analysts’ earnings forecasts as a proxy for changes in expectations about a firm’s 
valuation. Changes in expectations about future earnings prospects introduce additional volatility 
associated with fundamental uncertainty and heterogeneous belief. Volatility is high when there is 
a greater uncertainty associated with the underlying state variables. Uncertainty about the hidden 
state variables amplifies volatility through learning. Since variation in analysts’ earning forecasts 
likely indicates more volatile and less predictable earnings, stocks with higher variation in 
analysts’ earnings forecasts should have more volatile returns. Shalen’s (1993) noisy rational 
expectation model shows that a variation in expectations about futures price measures additional 
volatility associated with noisy information and contributes to positive serial correlation among 
absolute price changes. The idea of using the variation in analysts’ earnings forecasts as a measure 
of heterogenerous belief is found in a number of studies. These studies find that the variation of 
earnings forecasts significantly and positively causes the variation of stock prices (Ghyseles & 
Juergens (2001); Diether, Malloy & Scherbina (2001); Peng & Xiong (2001)). Investors have 
incomplete information about firms’ earnings prospects, which they learn from the observed cash 
flow process. As long as the estimates of the expected cash flows deviate from the true values, 
stock prices will deviate from their true values. Variation in analysts’ forecasts captures 
information asymmetry which reflects individual agents’ varying access to the information set and 
interpretation about a firm’s fundamental value. In addition, variation in analysts’ earnings 
forecasts also reflects changes in the expectations of the valuation. Earnings forecasts will be 
updated as more information arrives over time, and gradually, it will approach to true value. Stock 
prices will eventually reflect the true fundamental value as uncertainty is gradually reduced 
through learning process.   
 
The data on analysts’ earnings forecasts are taken from the Institutional Brokers Estimate System 
(IBES). IBES data set includes detail history and summary history data sets. The detail history 


 57







contains individual analyst’s earnings forecasts at each period for each firm. In each period, there 
are several analysts’ forecasts for the same firm. We define variation in analyst’s earnings 
forecasts (sd_earnF) as the standard deviation of all individual analysts’ earnings forecasts for the 
periods within a year. 
 
When we merged the IBES database with the CRSP and COMPUSTAT databases, there is an 
unavoidable issue of the data deletion problem. The IBES database is known to be heavily tilted 
toward big and well-established firms, stocks whose future profitability is likely to be most 
uncertain are largely absent from the IBES database. The variations of analysts’ earnings forecast 
may underestimate the risk.  Therefore, we would not expect to find very strong effects.  
 
The merged sample covers 179 firms from the period of 1990-2001. The summary statistics for the 
merged sample with variations of analysts’ earnings forecasts are reported in table 4_7 and 4_8.  
The standard deviation of analysts’ earnings forecasts is significantly correlated with the measure 
of annualized idiosyncratic volatility from the EGARCH model, rather than that from the CAPM 
model. Therefore we will also use the former measure of idiosyncratic volatility in this section. 
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  Table 4_4                       Variables Used in the model 
_________________________________________________________  


  Variables  Description    
  _________________________________________________________   


SIZE  Measured by firm assets and is used in its log forms 
sd_earnF       The variation in analyst’s earnings forecasts is defined as  


the standard deviation of all individual analysts’ earnings  
forecasts for the periods within a year. 


RD A firm’s R&D intensity, which is defined as a  
firm’s R&D expenditure as a percentage of net sales 


lRD  One lag of a firm’s R&D intensity  
UNd    Demand uncertainty measured by unexpected change in  


the growth rate of sales 


LEV A firm’s leverage ratio is equal to the value of long- 
term debt divided by the market value of a firm’s equity.    


INRD   Industry technology intensity. 
V_PROF Volatility of a firm’s profitability. 
VOL  Trading volume. 
h  Idiosyncratic volatility (h_e below represents the  


idiosyncratic volatility obtained from EGARCH model). 
UNp *  Unexpected change of a firm’s productivity measured  


by the absolute value of the surprise from an AR (1)  
model of labor productivity on its first lag  


lUNp * Lagged unexpected change of a firm’s productivity 
  __________________________________________________________ 


* Labor productivity is defined as the number of employees divided by net sales. 
The unexpected change of a firm’s labor productivity is obtained from an AR(1) 
model for each firm. We use the unexpected change of a firm’s labor productivity 
and the lagged unexpected change of a firm’s labor productivity as substitutes for 
R&D intensity and lagged the R&D intensity for a robust check in the model. 


 


The dependent variable is the annualized idiosyncratic volatility which is the mean of the weekly 
volatility obtained in Chapter (2). The 2SLS results with the two sets of the variables are listed in 
the left two and right two columns in Table 4_5.  
 


1X = (sd_earnF, SIZE, RD, lRD, UNd , LEV, INRD, V_PROF, the lag of VOL); 
2X = (sd_earnF, SIZE, UNp, lUNp, UNd , LEV, INRD, V_PROF, the lag of VOL) 
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Table 4_5 
 
        2SLS Estimates of Variation of Earnings Forecasts on Idiosyncratic Volatility  
 


 
sd_earnF 
 
SIZE 
 
RD 
 
lRD 
 
LEV 
 
UNd 
 
V_PROF 
 
INRD 
 
VOL 
 


 
0.07643*** 
  (1.73) 
-0.1030*                
 (-3.57) 
-0.0227                         
 (-0.09) 
-0.0064 
 (-0.22) 
 0.0424                         
  (1.05)                         
-0.0624                       
 (-0.94)                      
 0.3537* 
(18.09)       
-0.0071 
 (-0.34)   
 0.1753** 
 (2.27)                    


 
sd_earnF     
 
SIZE     
 
UNp 
 
lUNp 
 
LEV 
 
UNd 
 
V_PROF 
 
INRD 
 
VOL 
 


 
0.07425*** 
 (1.68 ) 
-0.1017*                
 (-3.51) 
0.0093                                
 (0.30) 
 0.2871 
 (0.80) 
0.04235                               
 (1.04)                                
-0.072                       
 (-1.12)                      
 0.3536* 
 (18.18)       
-0.0067 
 (-0.32)   
 0.1709** 
  (2.17)                    


Adj R-sq 0.1580 Adj R-sq 0.1548 
    N   1969 


 


    N    1969 
      2SLS estimation of variation of analysts’ earnings forecasts on the panel data set of 179 firms 


during the period of 1990 to 2001. The dependent variable is the annualized 
idiosyncratic volatility which is the mean of the weekly volatility obtained from 
the EGARCH model in Chapter 2. The independent variables are the variation of 
analysts earnings forecasts measured by the standard deviations of the all analysts’  earnings 
forecasts within a year (sd_earnF) as well as the variables are from the two subsets of firm 
characteristic variables respectively including : SIZE (firm size), RD (R&D Intensity), lRD 
(lagged  R&D Intensity), UNp (unexpected change in labor productivity), lUNp (lagged 
unexpected change in labor productivity), LEV (leverage), Und (unexpected change of sales), 
V_PROF (variability of profitability), INRD (industry technology intensity), VOL  (trading 
volume). The adjusted t statistics are reported in the parenthesis. *, **, *** indicates 
estimates are significant at 1%, 5% and 10% respectively. 


 
Initial analysis indicates that the constructed variable for variation in analysts’ earnings forecasts 
has positive effects on idiosyncratic stock volatility though the effects are of marginal significance 
at 10%, indicating that variation in analysts’ earnings forecasts, is a priced risk factor beyond 
fundamental factors. Idiosyncratic return volatility increased as before with a firm’s profitability. 
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Size is again significantly and negatively related to the idiosyncratic volatility. However, unlike 
Peng and Xiong (2001) who found significant effects of variation in analysts’ earnings forecasts, 
intangible assets as well as size on volatility in their cross-sectional analysis, we found no 
significant effects of the variables of intangible assets proxied by a firm’s R&D intensity, nor by 
other firms’ characteristic variables except size and volatility of a firm’s profitability in our smaller 
sample, this may because this sample is not a typical sample of the population and therefore is a 
sample selection problem. Some other measures for changes in earnings expectations are needed to 
construct for a larger sample as in David and Veronesi (2004) who relied on survey data. But even 
with this smaller sample, we do find some evidence that uncertainty about the earnings prospects 
of a firm and changes in expectations do cause additional volatility. As argued by Peng and Xiong 
(2001), stock prices are evaluated by investors who observe analysts’ forecasts about a firm’s 
fundamentals and earnings prospect during each period. Uncertainty creates extra noise, errors in 
investors’ belief. When there is more uncertainty, investors are more likely to make expectation 
errors about fundamentals and in pricing the stock.  Finally, volume endogenously and positively 
causes the idiosyncratic volatility as before. The test statistic of t value for endogeneity is 2.20, 
which is significant at a 5% level. 
 


 


4.3E Further Analysis on Idiosyncratic Volatility in the Up and Down Subsample 
 
In this section, we further examined the effects of fundamental uncertainty on idiosyncratic 
volatility using the volatility measure obtained from the CAPM model. The CAPM model is also a 
convenient framework for risk decomposition. The empirical implementation of the CAPM model 
relies on the time series regression of the following form: 
 


itftmtiiftit rrrr εβα +−+=− )(                       (30) ),0(..~ 2
εσε diiit


 
where 
 
 rit  : The stock returns of the ith firm. i = 1,2,...n ;  t = 1,2...T 


iα  :  Constant intercept 
 r  :  Risk free rate which is proxied by the 3-month Treasury bill rate. ft


mtr :   Market return which is proxied by S&P 500 index. 


itε  :  Stochastic idiosyncratic shocks 


iβ  :  Factor loading 
 
The total risk of a stock can be divided into two orthogonal components: 
 


2222
εσσβσ += mii         (31) 
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The crucial risk measure of a stock is the beta of that stock which is defined as: 
 


)var(
),cov(


mt


mtit
i R


RR
=β         (32) 


 
In this section, we run the CAPM model for each firm with an annual return series using LS 
method corrected for heteroskedasticity. Idiosyncratic volatility can then be constructed from the 
idiosyncratic factor itε . As in Ding and Granger (1996), volatility in any given year is can be 
measured as the absolute value of the residual | of each stock. Table 4_6 lists the summary 
statistics of the idiosyncratic volatilities defined as the absolute value of the idiosyncratic factors 


|itε


|| itε obtained from the CAPM model in equation (30) for the first 10 observations in our data set. 
Please see Appendix 3 for the summary statistics of the idiosyncratic volatilities from the CAPM 
model for the 415 firms in our data set. Most of these series skew to the right and exhibit fat tails.  
 
 


Table 4_6    Summary Statistics of the idiosyncratic volatilities from CAPM 
 
 
  firm   cnum    T    mean      std      min      max      skew        kurt 
 
     1  000886  14  0.36139  0.25477  0.03651  0.74057   0.18379   -1.4777 
     2  001031  14  0.44281  0.32526  0.02376  1.16266   0.87357    0.2243 
     3  001853  14  0.44080  0.45438  0.13032  1.94335   3.16476   10.8643 
     4  001957  14  0.19552  0.15334  0.01174  0.49169   0.91690    0.1201 
     5  00202J  14  0.52845  0.80294  0.02897  3.20120   3.22547   11.2476 
     6  002824  14  0.20044  0.13614  0.04821  0.52683   1.06339    1.1968 
     7  003654  14  0.68182  0.57743  0.01968  2.32217   1.87231    4.6239 
     8  00508X  14  0.40135  0.30897  0.06817  1.16134   1.70716    2.5968 
     9  00651F  14  0.74034  0.64844  0.02637  2.29587   0.99988    0.9192 
    10  00753P  14  0.50335  0.31779  0.06393  1.30861   1.02912    2.1265 
 
 


We also calculate the annual standard deviations of the14-year return residual series as well as the 
annual standard deviation of firms’ profitability (ROE) for the 415 firms. Table 4_7 lists the 
unconditional volatility measured by the annual standard deviations of the14-year return residual 
series as well as the annual standard deviation of firms’ profitability (ROE) for the first 10 firms in 
our data set. See Appendix 4 for the 415 firms’ standard deviations from the two annual residual 
series.  
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Table 4_7 


 
Standard deviations of annual ROE and idiosyncratic returns 


      
     firm     cnum      v_prof       v_r 


 
1    000886    0.11999    0.45338 
2    001031    0.24760    0.56299 
3    001853    0.19961    0.64475 
4    001957    0.20580    0.25433 
5    00202J    0.60456    0.97235 
6    002824    0.06818    0.24860 
7    003654    0.11670    0.91326 
8    00508X    0.12194    0.51859 
9    00651F    0.13087    1.00535 
10   00753P    0.13189    0.61143 


 
 * v_prof represents the volatility of a firm’s profitability, and v_r represents a firm’s idiosyncratic volatility. 


 
As it can be seen from Table 4_7, in general, idiosyncratic factors are more volatile than the 
ex_post profitability. The correlation between these two variables is 0.2691. We will also test this 
relationship in our following panel data analysis. 
 
The whole sample is divided into two sub-samples. The first sample contains all the observations 
when the residual returns itε  from the CAPM model are larger than or equal to zero. The second 
sample contains those observations when the residual returns itε  are less than zero. So the two 
samples can be treated as left truncated and right truncated unbalanced panel data set respectively. 
Since the data is not continuous in these two sub-samples, we will not first difference all the data 
in the data set as in the panel analysis in section 4.3C, instead, we add h into the original 
equation (26) because the persistency of volatility series, and the data in these two sub-samples are 
not continuous any more so that we can’t first differenced all the variables in the model. Therefore, 
we apply the sample selection correction to the two samples with the following model in equation 
(33). 


1, −ti


 
itiitititititit uuhVolXh υηγαβα +=++++= −110    (33) 


 
where  is the annual idiosyncratic volatility constructed in section 2.3 as the absolute value of 
the residuals from the above CAPM model for each stock.  


ith


 
In equation (33), Vol  is the trading volume. X  is the set of the exogenous firm characteristic 
variables.  


it it
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Denote  and )',,,1( 1−= itititit hVolXR )',,( 1,0 γαβαπ = .  Then for the left truncated sample, the 
model is: 
 


0' >+= itititit uRh επ  for i TtN LL 1,1 ==  
                   assume  u     (34) ),0(~ 2


uit N σ
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=  is the inverse Mills ratio. (.)φ is the standard normal pdf 


and Φ is the standard cumulative distribution function (cdf). (.)
 
In addition to the possible sample selection bias, there is also an endogenous variable, Vol , in the 
model. An instrumental variable is needed for trading volume, and we use the same dynamic 
model (24) for trading volume as in section 4.3C. Similarly, the model for the right truncated 
sample can be derived using the above method.  


it


 
The parameters of the truncated regression models can be estimated using the Maximum 
Likelihood Method as in Hsiao (1986). The results from the left truncated panel are summarized in 
table 4_8. 
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Table 4_8                               Left Truncated Panel Results 
 


 
INTERCEPT 
 
SIZE 
 
RD 
 
LEV 
 
UNd 
 
DIV 
 
V_PROF 
 
INRD 
 
VOL 
 
l_hc 


-8.3004 
 (-1.34) 
-3.3441*                
 (-4.51) 
 4.2023*                     
  (3.91) 
-7.1246** 
 (-2.32)                      
 2.1015                      
  (1.02)                     
-7.4583* 
 (-2.92) 
 0.7132** 
  (2.05)       
 2.7114* 
  (5.34)   
-1.1322 
 (-1.13) 
11.456* 
  (5.41)     


 INTERCEPT
 
SIZE     
 
UNp 
 
LEV 
 
UNd 
 
DIV 
 
V_PROF 
 
INRD 
 
VOL 
 
l_h 


-16.144* 
 (-3.38) 
-2.6265*                
 (-4.14) 
4.4736*                          
  (3.08) 
-7.1436* 
 (-2.80)                            
 5.0788* 
  (3.00) 
 -7.6097* 
  (-3.60) 
 0.7956* 
  (2.79)       
 2.4444* 
  (5.54)   
  0.090 
  (0.12) 
 8.5386* 
  (5.17)     


    N    2332      N    2332 
       Maximum likelihood estimation on left truncated panel data set of 415 firms during the 


period of 1988 to 2001. The dependent variable is the annualized idiosyncratic volatility (hc) 
obtained from CAPM model. The independent variables are the two subsets of firm and 
industry characteristic variables respectively including: SIZE (firm size), RD (R&D Intensity), 
UNp (unexpected change in labor productivity), LEV (leverage), Und (unexpected change of 
sales used to measure demand uncertainty), DIV (dummy variable measuring firm focus), 
V_PROF (variability of profitability), INRD (industry technology intensity), VOL  (trading 
volume), l_hc (the lagged value of idiosyncratic volatility). The adjusted t statistics are 
reported in the parenthesis.  *, **, *** indicates that estimates are significant at 1%, 5% and 
10% respectively. 


 
As it can be seen, the results from the left truncated sample in table 4_8, similar as before, 
idiosyncratic volatility significantly and negatively related to size. Idiosyncratic volatility increases 
with a firm’s volatility of profitability. We also see that the unexpected change in labor 
productivity positively related to idiosyncratic volatility. R&D intensive firms and firms in high-
tech industries have more volatile returns. Both facts indicate that shocks from technological 
opportunities cause idiosyncratic volatility to rise. Demand uncertainty, measured by unexpected 
change in sales, is found to be positively related to idiosyncratic volatility in both samples and 
significant in the sample with an unexpected change of labor productivity. In addition, we 
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observed that the volatility of firms operated in a single business line is more volatile than that of 
firms that operated in a multi business line. However, we find that leverage has negative effects in 
the up sample, that is, as stock prices increase, leverage goes down, and volatility will increase, 
which is different from the result from the whole sample. Volume shows no effects in up samples 
with both sets of variables. 
 
The results from the right truncated panel are summarized in table 4_9. 
 
 
Table 4_9                              Right Truncated Panel Results 


 
 


INTERCEPT 
 
SIZE 
 
RD 
 
LEV 
 
UNd 
 
DIV 
 
V_PROF 
 
INRD 
 
VOL 
 
l_hc 


0.9746* 
(11.21) 
 -0.082*                
(-12.55) 
 0.0218**                   
 (2.12) 
  0.025** 
 (2.08)                        
 0.0033                      
  (0.09)                     
-0.0611** 
 (-2.15) 
 0.0057** 
  (2.38)       
 0.0327* 
  (5.24)   
0.1152* 
 (7.89) 
0.1416* 
(10.49)     


 INTERCEPT
 
SIZE     
 
UNp 
 
LEV 
 
UNd 
 
DIV 
 
V_PROF 
 
INRD 
 
VOL 
 
l_hc 


 0.8979* 
(11.22) 
-0.0827*                
(-12.58) 
0.00939 
 (0.44) 
0.0219***                       
 (1.82) 
0.0176 
(0.48)                              
-0.0732* 
 (-2.62) 
0.00584** 
(0.0149) 
 0.0368* 
  (6.17)       
 0.1212* 
  (8.38)   
 0.1417* 
 (10.45)    


    N    3062      N    3062 
        


       Maximum likelihood estimation on right truncated panel data set of 415 firms during the period  
           of 1989 to 2001. The dependent variable is the annualized idiosyncratic volatility (hc) obtained from 


CAPM model. The independent variables are the two subsets of firm and industry characteristic variables 
respectively including: SIZE (firm size), RD (R&D Intensity), UNp (unexpected change in labor 
productivity), LEV (leverage), Und (unexpected change of sales used to measure demand uncertainty), 
DIV (dummy variable measuring firm focus), V_PROF (variability of profitability), INRD (industry 
technology intensity), VOL (trading volume), l_hc (the lagged value of idiosyncratic volatility). The 
adjusted t statistics are reported in the parenthesis.  *, **, *** indicates that estimates are significant at 1%, 
5% and 10% respectively. 
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As it can be seen from the results from the right truncated sample in table 4_9, idiosyncratic 
volatility significantly and negatively related to size. Idiosyncratic volatility increases with a firm’s 
volatility of profitability. R&D intensive firms and firms in high-tech industry have more volatile 
returns.  Idiosyncratic volatility is also found to increase with trading volume in the down sample. 
In addition, we observed that the volatility of a firm that operated in a single business line is more 
volatile than that of a firm operated in a multi business line. For the leverage, we find a positive 
effect which is opposite to the left truncated sample but is consistent with the whole sample; as 
leverage increases, volatility will increase. That is, as stock prices fall, leverage goes up, and 
volatility will increase.  
 
Comparing the results from the up sample with the left truncated model to the results from the 
down sample with the right truncated model, one of the major differences between the estimates 
from these two samples is the leverage effect. For the down sample with the right truncated model, 
leverage has a positive effect on volatility. As leverage rises or stock price decreases, the volatility 
measured by the absolute value of the negative residual return from the market regression model 
will increase. This implies that volatility rises as the stock price falls when the return is negative. 
This “leverage effect” associated with falling stock prices is consistent with evidence first 
documented by Black (1976) and later by Christie (1982) among others. The leverage effect means 
that equities exhibit an asymmetry which depends on whether returns are negative or positive. 
Volatility tends to increase when a stock price falls. Our result from the negative return sample is 
also consistent with our previous empirical result from the sample as a whole. But the result from 
the up sample with the left truncated model shows that the leverage has a negative effect on 
volatility. That is, as leverage decreases or stock price rises, volatility will also rise. This suggests 
a reverse “leverage effect” in that rising prices increased volatility. Therefore, both falling prices 
and rising prices are found to increase volatility in our split samples, which is somewhat different 
from most of the previous findings. Our result is consistent with findings in Figlewski and Wang 
(2003), who examined the “leverage effect” with implied volatility derived from option prices. 
They found a significant “leverage effect” that volatility increases as leverage rises with a sample 
from the down market as well as with the whole sample without distinguishing between up and 
down markets; with the sample from a rising market, they also found a reverse leverage effect. 
That is, volatility increases as leverage decreases from the implied volatility at quarterly interval.  
 
Aside from the leverage effect, we also observed another fact: the set of other variables in the up 
and down samples in general have the same sign effects on the idiosyncratic volatility. However, 
there is a big difference in the magnitude of the estimated coefficients from the two split samples 
with the same measures on each set of the variables. The magnitude effect of each variable on the 
volatility from the up sample is generally much larger than that on the volatility from the down 
sample, which is surprise at first, because we expect the opposite results, that is, the volatility 
explained should be higher in the down sample. The empirical results suggest that, first, for the up 
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sample, firm characteristic variables have both large economic and statistical effects on the 
idiosyncratic volatility, which implies that idiosyncratic volatility can be well explained by 
changes in fundamentals and rational expectation behavior when there is an increase in stock price. 
Stock price may reflect a belief in price reversion. Investors may appear to be risk-averse at prices 
above some maximum point (for example, the 52-week high) when in fact, they are responding to 
a belief that prices will revert. Rational investors buy when the fundamental value they evaluated 
is above the current price and sell when the fundamental value they evaluated is below the current 
market price. In this case, volatility can be explained largely by rational beliefs on fundamental 
news. Second, for the down sample, each variable except the demand uncertainty measured by 
unexpected change in sales is still statistically significant, but the effect is relatively smaller. From 
our point of view, this may suggest that rational beliefs about fundamentals can explain only a 
small portion of the volatility when there is a fall in stock price. Other factors may contribute more 
to the idiosyncratic volatility when the price falls. These factors may include psychological factors 
(Huddart, Lang & Yetman (2004)) and the degree of the investor’s risk aversion. Risk aversion 
investors might sell heavily as the market becomes bearish and the price falls below a certain point, 
which amplifies the market volatility more than it should be. There are also some other investors, 
who prefer not to sell their stocks when the price falls below their purchase price; they just hold 
the stock and wait until the market comes back to their purchase level. These behaviors in the 
down market suggest that irrational exuberance may substitute for and dominate financial 
prudence. And the portion of irrational behavior can’t be well explained by fundamental analysis. 
The crash of 1987 is a good example of this. In October 1987, when the stock market became 
bearish, people were in a rush to sell and the market performed badly. There is no economic 
explanation for the high levels of selling that occurred at that time (Dalton 1988). So the whole 
sequence of selling was mainly due to risk aversion and a psychological belief that the market 
could be worse. The cause of the crash is considered to be investors’ irrational behavior (Shiller 
(1988), Dalton (1988)).  
 
Although the panic in 1987 is an extreme case in the stock market, it implies that the market 
cannot be fully explained by the existing theory of efficient markets and rational expectation. The 
efficient markets and rational expectation theory do hold to a certain extent and can explain some 
part of the fluctuations in the stock market. They may not be a complete story.  Sometimes there 
are inefficiencies existing in the market. The stock market fluctuations can be regarded as the 
interaction of rational behaviors that sometimes may dominate in the upward market and irrational 
behaviors caused by psychological or other factors that sometimes may dominate the down market. 
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Chapter 5 


 
Conclusion 


 
 


Idiosyncratic volatility is found to be more and more important in risk management. This study 
performed a panel data analysis on 415 firms over the period of 1988-2001 to examine the 
properties of idiosyncratic stock volatilities and the extent to which variation in individual 
stock returns can be explained by fundamental uncertainties, which are proxied by firm and 
industry characteristic variables. One of the measures for the idiosyncratic volatility we 
developed in this study is obtained from the Principal Components Analysis in conjunction 
with the EGARCH model. Our results provide significant evidence of the impacts of a firm’s 
real activity on idiosyncratic stock volatility. Idiosyncratic volatility increases with uncertainty 
from demand shocks as well as technological opportunities.  In addition, we find some 
evidence that idiosyncratic volatility increases with variation in analysts’ earnings forecasts 
used as a proxy for changes in the expectations that are associated with uncertainty and 
heterogeneous belief. Furthermore, a firm’s leverage is observed to be significantly and 
positively related to idiosyncratic volatility in our whole panel data sample as well as in the 
down market sample, as in the findings in most of the previous studies. However, we observed 
a reverse leverage effect such that volatility also rises when stock price increases and leverage 
decreases in the upward market sample. Evidence also suggests that idiosyncratic stock 
volatility increases with a firm’s volatility of profitability and decreases with firm size. Trading 
volume, which is used to control for the short run dynamics and volatility generated from the 
trading process, is found to endogenously cause idiosyncratic volatility in the whole and down 
market sample, but the effects in the up sample are weak. Finally, the results from the split 
sample also suggest that rational expectation of fundamental uncertainties can explain the 
fluctuations in the stock market only to some extent; inefficiencies still exist in the stock 
market.  


 
 


 
 
 
 
 
 
 
 
 


 69







Appendix 1:    Data Construction 
 
Our data comes from five sources. Data on weekly and annual firm stock return, S&P500 annual 
index and annual stock transaction volume are extracted from CRSP data file. Three month 
Treasury-bill rate is extracted from Federal Reserve Board’s H15 Report at annual frequency. Data 
on firm variables are gathered from COMPUSTAT annual industrial file.  All firm data are annual 
frequency. These firm variables include: Research and Development Expense (R&D expenditure) 
(data46), Net sales (data 12), Assets (data 6), Common Shares Outstanding (data 25), Stock Price 
(data 199), Book value of Equity (data 60), Number of a Firm Employees (data 29), Long Term 
Debt (data 9), Income before Extraordinary Item available to Shareholder (data 237), Deferred 
Taxes from the Income Statements (data 50), Investment Tax Credit (data51), Firm segmentation 
number is extracted from Segments data file in WRDs. The above data cover from 1988 to 2001. 
The whole sample is restricted to firms whose stocks are available on both the COMPUSTAT and 
the CRSP databases with the complete annual data series of firms’ R&D expenditure, the net sales 
and firms’ segmentation numbers during this period. Altogether this data sample has 415 firms. 
We then construct the following variables from above data: 
 
1) R&D Intensity: is defined as firm Research and Development Expenditure as a percentage of 
sales; 
2)  Firm Size: is defined as logritherm of firm assets; 
3)  Market value of equity: is calculated as stock price* common shares outstanding  
     (data 199)* (data 25);  
4)  ME/BE: is calculated as the market value to book value ratio; 
5)  Leverage: is defined as debt book value divided by the market value of equity; 
6) Earnings: are calculated as income before extraordinary items available to stockholders (data 
237), plus deferred taxes from the income statement (data 50), plus investment tax credit (data 51);  
7) Profitability: measured by return on equity as in Pastor and Veronset (2002), is calculated as 
earnings divided by last year’s book equity; 
8)  Labor Productivity: is defined as sales divided by number of employees. 
 
The data on analysts’ earnings forecasts are taken from the Institutional Brokers Estimate System 
(IBES). IBES data includes detail history and summary history data sets. The detail history 
contains individual analyst’s earnings forecasts for each period as well as different analysts’ 
forecasts in the same period. We define variation in analyst’s earnings forecasts (sd_earnF) as the 
standard deviation of all individual analysts’ earnings forecasts for the periods within a year. We 
then merged with above data sample; this merged sample covers 179 firms from the period of 
1990-2001. 
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Appendix 2:    
 
Summary Statistics of the Idiosyncratic Volatility Series from EGARCH model  
 
 
Firm  cnum    n     mean           std         min    max      skew       kurt 
 
  1  000886  731  0.004751  .003304503  .002108099  0.04362   4.9291    40.957 
  2  001031  731  0.003860  .001780505  .001780608  0.01590   2.5257     9.411 
  3  001853  731  0.007876  .008045475  .001076617  0.05793   2.5196     7.522 
  4  001957  731  0.001660  .001297773  .000531106  0.00645   1.5384     1.476 
  5  00202J  731  0.006640  .001597205  .004249249  0.01644   1.6488     4.646 
  6  002824  731  0.000575  .000201913  .000305775  0.00129   1.3541     1.214 
  7  003654  731  0.008114  .004846014  .002969937  0.05494   3.5390    20.638 
  8  00508X  731  0.002913  .002384157  .000542650  0.01369   1.8401     3.019 
  9  00651F  731  0.005052  .001762962  .002359448  0.01185   0.9392     0.673 
 10  00753P  731  0.004938  .002690600  .001889141  0.03460   4.7966    39.301 
 11  00757T  731  0.005491  .001974904  .002426215  0.01987   2.4503    10.031 
 12  007692  731  0.009303  .009317634  .003052648  0.15662   7.2637    92.601 
 13  007768  731  0.008269  .007259310  .001502310  0.04251   1.6934     2.352 
 14  008015  731  0.003860  .002465373  .001026123  0.02810   3.5259    21.836 
 15  009158  731  0.000870  .000380175  .000391075  0.00251   1.4790     2.064 
 16  012348  731  0.001430  .000351523  .001158882  0.00512   3.9482    25.844 
 17  013742  731  0.010479  .005240221  .003208254  0.04001   1.7717     4.285 
 18  013817  731  0.001016  .000441441  .000460490  0.00282   1.5413     2.368 
 19  01741R  731  0.001748  .000910344  .000298399  0.00660   1.5123     4.181 
 20  018773  731  0.010788  .007544394  .002777029  0.05469   2.2490     6.088 
 21  020813  731  0.003348  .001904231  .001611312  0.04046  12.3152   212.205 
 22  027284  731  0.008642  .005215054  .004863609  0.07569   5.0607    46.189 
 23  027352  731  0.003843  .001348588  .001642825  0.01301   1.6065     5.037 
 24  030137  731  0.008668  .003029408  .004500415  0.02922   2.4372     8.931 
 25  030371  731  0.006011  .003457842  .002168761  0.03397   2.6132    10.943 
 26  030710  731  0.000979  .000643799  .000431261  0.01004   6.9951    75.324 
 27  031162  731  0.002311  .000750866  .001248686  0.00644   2.0192     5.504 
 28  031535  731  0.010839  .002690182  .007164916  0.02629   1.8136     4.664 
 29  032654  731  0.002619  .001034643  .001286391  0.00937   2.1524     6.807 
 30  032744  731  0.009762  .003993891  .002270443  0.02696   1.0918     1.973 
 31  034425  731  0.003597  .001662102  .001333928  0.00879   0.8359    -0.277 
 32  038020  731  0.002589  .002709482  .000621278  0.02112   2.9626    10.353 
 33  038222  731  0.002322  .000387129  .001896775  0.00505   2.4771     9.245 
 34  044204  731  0.000765  .000138307  .000483012  0.00121   0.6276    -0.046 
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Firm   cnum    n     mean           std     min       max      skew      kurt 
 
  35  046224  731  0.005143  .002429274  0.002077  0.016193   1.2456    1.998 
  36  04638F  731  0.003969  .002808833  0.001725  0.052606  10.5809  156.789 
  37  051503  731  0.008251  .002794459  0.004143  0.024396   1.8358    5.439 
  38  052769  731  0.003755  .001858621  0.001133  0.012282   1.2720    2.042 
  39  053015  731  0.000797  .000332121  0.000260  0.002138   1.2607    1.875 
  40  053611  731  0.001040  .000520068  0.000415  0.003560   1.6380    2.928 
  41  054303  731  0.002002  .001718676  0.000330  0.016675   3.2938   16.593 
  42  054546  731  0.013631  .003334825  0.010909  0.054213   4.6666   37.589 
  43  055622  731  0.000648  .000235818  0.000328  0.002140   2.2101    8.048 
  44  055961  731  0.004553  .003052704  0.000908  0.015995   1.5313    1.641 
  45  056525  731  0.001571  .000770868  0.000680  0.005079   1.5934    2.617 
  46  056543  731  0.006276  .007048102  0.000894  0.068580   4.3590   26.854 
  47  057224  731  0.001342  .000347322  0.000862  0.004637   2.6969   14.841 
  48  057741  731  0.000793  .000228884  0.000459  0.001883   1.5547    3.171 
  49  058264  731  0.004561  .002513251  0.001815  0.027381   3.3876   18.069 
  50  058498  731  0.001170  .000402060  0.000596  0.002552   1.0417    0.438 
  51  058822  731  0.003494  .000955015  0.002294  0.010531   2.3952    9.841 
  52  059815  731  0.000901  .000513041  0.000285  0.002872   1.4264    1.799 
  53  067383  731  0.001389  .000527984  0.000577  0.004146   1.6226    3.726 
  54  068306  731  0.005280  .002444292  0.001784  0.018786   1.7033    3.655 
  55  071707  731  0.001535  .001225172  0.000475  0.008555   2.3281    6.775 
  56  071813  731  0.000881  .000193468  0.000526  0.002158   1.8435    6.818 
  57  075887  731  0.001139  .000982116  0.000261  0.006054   2.2975    5.556 
  58  081437  731  0.000943  .000211992  0.000718  0.004370   6.8010   95.132 
  59  090613  731  0.002485  .000522164  0.002082  0.008985   4.7753   40.870 
  60  09066H  731  0.010371  .006649478  0.003109  0.051196   2.7245    9.677 
  61  090909  731  0.010088  .004283112  0.005713  0.049434   3.3355   19.621 
  62  091797  731  0.001841  .000541626  0.001040  0.004312   1.3724    2.052 
  63  097023  731  0.001265  .000645866  0.000491  0.003431   1.0925    0.181 
  64  097383  731  0.001288  .000347651  0.000635  0.002776   0.6785    1.073 
  65  100534  731  0.003720  .001134965  0.002508  0.010985   2.2316    6.624 
  66  109043  731  0.000980  .000306760  0.000448  0.002404   0.9902    1.925 
  67  110122  731  0.000598  .000574924  0.000135  0.005857   4.3863   28.364 
  68  110448  731  0.001649  .000851100  0.000657  0.006465   2.2958    6.681 


 72







                                
Firm   cnum    n     mean       std          min      max      skew      kurt 
 
 69  117043  731  0.001500  0.000296  .000784395  0.00240   -0.0168    -0.471 
 70  117421  731  0.001726  0.000692  .000724859  0.00505    1.2862     2.211 
 71  123655  731  0.001685  0.000527  .000968372  0.00453    1.5955     3.625 
 72  124661  731  0.003556  0.001337  .001849409  0.01608    3.0571    17.450 
 73  125010  731  0.007584  0.002535  .004356074  0.01649    1.2889     1.023 
 74  126145  731  0.003134  0.001231  .002501024  0.03016   15.2076   320.673 
 75  126389  731  0.004389  0.003448  .001055086  0.03657    4.0469    22.887 
 76  127387  731  0.004453  0.003586  .001437648  0.05717    7.2563    81.491 
 77  132011  731  0.002346  0.001556  .000740341  0.00835    1.6290     2.116 
 78  134429  731  0.001056  0.000315  .000538955  0.00211    1.0806     0.956 
 79  144285  731  0.000969  0.000525  .000426658  0.00375    2.0640     5.138 
 80  144525  731  0.009839  0.003211  .005342082  0.02908    1.8797     5.248 
 81  151020  731  0.007400  0.001543  .005136029  0.01465    1.4649     2.816 
 82  156782  731  0.005400  0.002009  .002692816  0.01787    1.6764     3.919 
 83  166764  731  0.000449  0.000106  .000266288  0.00109    1.5347     4.241 
 84  170040  731  0.003184  0.001025  .001402699  0.00955    2.0305     6.743 
 85  171340  731  0.001531  0.000475  .000882645  0.00456    2.0970     6.911 
 86  179895  731  0.001368  0.000612  .000717216  0.00664    3.3689    18.748 
 87  189054  731  0.001132  0.000939  .000284489  0.00556    2.1910     4.823 
 88  189873  731  0.003353  0.000954  .002198086  0.01227    3.0599    16.726 
 89  191042  731  0.006871  0.003748  .004133788  0.05137    5.7514    50.875 
 90  192432  731  0.007342  0.001701  .004410041  0.01698    1.2514     3.359 
 91  192479  731  0.004194  0.002298  .001466624  0.02157    2.7227    11.865 
 92  19652U  731  0.014952  0.022211  .004156263  0.46693   13.3590   245.527 
 93  200332  731  0.019279  0.013983  .003081730  0.13155    2.2644     9.412 
 94  204925  731  0.007957  0.003729  .003573147  0.02175    1.4595     1.352 
 95  205862  731  0.007547  0.004221  .002267458  0.02329    1.5591     2.582 
 96  205912  731  0.005632  0.002204  .002609559  0.02132    1.9887     6.693 
 97  205920  731  0.021271  0.006395  .009076048  0.04587    0.8010     0.729 
 98  207410  731  0.004911  0.001926  .001768578  0.01568    1.5011     3.700 
 99  216648  731  0.007079  0.004496  .001561413  0.02324    1.3928     1.372 
100  219350  731  0.002689  0.002444  .000597303  0.01495    2.2080     4.711 
101  224399  731  0.001077  0.000406  .000459381  0.00267    0.9334     0.556 
102  224901  731  0.018937  0.012874  .002862254  0.07799    1.6994     3.304 
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 Firm   cnum    n      mean     std          min      max     skew      kurt 
 
 103  227116  731  0.002002  0.00103  .001069323   0.0199   9.4309   140.888 
 104  227478  731  0.002697  0.00223  .000728598   0.0162   2.7142     8.731 
 105  231561  731  0.000900  0.00054  .000210091   0.0057   2.4796    11.392 
 106  23252E  731  0.005215  0.00533  .001546568   0.0409   3.6512    15.172 
 107  232674  731  0.011582  0.00567  .004305625   0.0434   2.3428     6.755 
 108  232824  731  0.012653  0.00906  .003450001   0.0793   2.7595    12.458 
 109  232828  731  0.037994  0.39434  .008040447  10.5259  25.9439   688.449 
 110  23330X  731  0.005984  0.00461  .001624463   0.0249   1.7786     2.603 
 111  235811  731  0.001223  0.00075  .000409957   0.0092   4.1395    29.351 
 112  235851  731  0.001455  0.00051  .000961078   0.0072   4.6308    35.547 
 113  237690  731  0.008304  0.00646  .001313193   0.0523   2.9783    11.565 
 114  237909  731  0.011867  0.00823  .002430002   0.0636   2.0801     6.619 
 115  238108  731  0.006419  0.00262  .003168946   0.0163   1.6525     2.225 
 116  244199  731  0.001138  0.00035  .000551626   0.0023   0.8923     0.238 
 117  245091  731  0.001985  0.00164  .000187208   0.0089   1.1820     0.858 
 118  249030  731  0.002074  0.00108  .000647859   0.0062   0.9941     0.588 
 119  250685  731  0.007039  0.00493  .000600850   0.0247   0.7802    -0.045 
 120  252450  731  0.002320  0.00066  .001849888   0.0098   6.3052    58.470 
 121  253651  731  0.001502  0.00077  .000674813   0.0042   1.7944     2.871 
 122  254546  731  0.001949  0.00083  .000520711   0.0043   0.5000    -0.392 
 123  257651  731  0.001180  0.00040  .000449992   0.0023   0.3115    -0.639 
 124  260003  731  0.000738  0.00024  .000348091   0.0022   1.8043     5.593 
 125  260543  731  0.000771  0.00035  .000288437   0.0024   1.7482     3.693 
 126  263534  731  0.000738  0.00037  .000304825   0.0018   1.0893     0.149 
 127  268157  731  0.011770  0.00340  .008207720   0.0552   4.7526    42.434 
 128  268255  731  0.004042  0.00216  .000860295   0.0128   1.1660     1.259 
 129  26873N  731  0.004271  0.00182  .002261216   0.0167   2.7294    10.514 
 130  276317  731  0.001214  0.00043  .000790679   0.0054   3.9032    26.018 
 131  278058  731  0.000696  0.00021  .000309346   0.0014   0.7220     0.265 
 132  278865  731  0.000813  0.00029  .000309600   0.0024   1.1304     2.114 
 133  281347  731  0.003564  0.00190  .001316216   0.0135   2.0583     5.448 
 134  285233  731  0.006081  0.00412  .001584472   0.0389   2.7413    12.581 
 135  291011  731  0.000693  0.00041  .000278210   0.0020   1.5363     1.413 
 136  292475  731  0.008944  0.00573  .002089960   0.0277   1.2371     0.800 
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 Firm   cnum    n      mean       std         min      max     skew      kurt 
 
 137  296056  731  0.004060  0.004098  .001487288  0.09364  15.2011   316.485 
 138  300645  731  0.004790  0.001784  .002184882  0.01841   2.4480    10.557 
 139  30231G  731  0.000384  0.000097  .000216867  0.00063   0.3349    -0.981 
 140  302491  731  0.000944  0.000464  .000343931  0.00339   1.6302     3.220 
 141  302747  731  0.001274  0.001171  .000170053  0.00715   1.3035     1.339 
 142  303250  731  0.003311  0.001190  .002026185  0.02062   5.5278    63.986 
 143  315405  731  0.001475  0.000750  .000542487  0.00687   2.5220     9.378 
 144  316869  731  0.007143  0.003846  .002603783  0.03848   2.4701    10.126 
 145  337610  731  0.002532  0.000928  .000980681  0.00684   0.9160     1.360 
 146  339099  731  0.002235  0.000864  .000922225  0.00651   1.8121     4.273 
 147  343468  731  0.004889  0.002411  .001981723  0.01968   2.1976     7.031 
 148  349631  731  0.000894  0.000221  .000565892  0.00184   1.1461     1.120 
 149  353515  731  0.008168  0.005277  .001904037  0.04472   2.0641     6.590 
 150  359694  731  0.002165  0.000872  .001410290  0.01097   4.7929    34.917 
 151  36317Q  731  0.014510  0.011108  .002454895  0.07363   2.0711     5.745 
 152  368682  731  0.002157  0.000912  .000903885  0.00658   1.9649     4.984 
 153  369154  731  0.004519  0.004180  .000679873  0.03119   2.6423     9.359 
 154  369550  731  0.001324  0.001067  .000351322  0.00678   2.5185     7.354 
 155  369604  731  0.000662  0.000347  .000287692  0.00182   1.8348     2.409 
 156  370442  731  0.001231  0.000207  .001075592  0.00258   2.9287    11.008 
 157  373730  731  0.002415  0.001709  .000600001  0.01264   2.0887     5.882 
 158  375175  731  0.006904  0.004388  .001379964  0.02039   1.1541     0.659 
 159  375766  731  0.001089  0.000665  .000281327  0.00403   1.2977     1.437 
 160  376360  731  0.005749  0.002547  .002424441  0.02316   2.2935     7.275 
 161  382550  731  0.001339  0.000737  .000336873  0.00424   1.1240     0.868 
 162  384109  731  0.001461  0.000471  .000670256  0.00266   0.5800    -0.536 
 163  384556  731  0.006047  0.019300  .003595363  0.50511  24.0545   616.112 
 164  398433  731  0.003377  0.001902  .001067101  0.00772   0.6231    -0.965 
 165  39943Y  731  0.007715  0.002672  .003379270  0.02168   1.5237     3.440 
 166  401794  731  0.003447  0.005089  .000595446  0.03888   3.4676    13.627 
 167  404160  731  0.008214  0.004284  .004676631  0.07203   6.7260    78.592 
 168  406216  731  0.001647  0.001042  .000500588  0.01317   5.4386    48.627 
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 Firm   cnum    n      mean      std          min      max     skew      kurt 
 
 169  412822  731  0.001980  0.000359  .001167959  0.00334   0.5227     0.972 
 170  413086  731  0.002621  0.001061  .000987116  0.01010   1.8854     6.923 
 171  413875  731  0.001660  0.001051  .000472705  0.00506   1.1557     0.192 
 172  415864  731  0.001171  0.002013  .000818525  0.05467  25.8231   686.575 
 173  418056  731  0.002018  0.001309  .001116292  0.02802  12.4279   222.148 
 174  423319  731  0.003915  0.001219  .001672572  0.00720   0.4681    -0.527 
 175  426281  731  0.005451  0.002760  .002279720  0.02935   2.9336    14.063 
 176  427056  731  0.001267  0.000840  .000375490  0.00479   1.7239     2.502 
 177  427866  731  0.000801  0.000265  .000440772  0.00187   1.5523     2.471 
 178  428291  731  0.005855  0.004762  .001696238  0.03415   2.8173     9.545 
 179  433578  731  0.001480  0.000649  .000575069  0.00426   1.3417     2.119 
 180  438128  731  0.001777  0.000658  .000990208  0.01043   4.6013    44.878 
 181  438516  731  0.001248  0.001084  .000393885  0.00566   2.1538     3.873 
 182  445591  731  0.002057  0.001574  .000430263  0.01380   2.5467     9.939 
 183  447324  731  0.005375  0.001121  .003981133  0.01563   2.7924    14.981 
 184  448623  731  0.006821  0.004394  .002593273  0.03545   3.0570    12.703 
 185  44913S  731  0.030589  0.041196  .004779715  0.56659   6.7068    64.807 
 186  449693  731  0.024446  0.016809  .006517252  0.13485   2.5603     9.042 
 187  450911  731  0.000701  0.000301  .000339002  0.00388   3.4343    23.042 
 188  451906  731  0.011371  0.005038  .006149838  0.08400   7.9340    88.387 
 189  452308  731  0.000806  0.000281  .000420770  0.00216   1.4259     2.012 
 190  452525  731  0.016497  0.010894  .006445236  0.13709   4.6452    33.956 
 191  45255W  731  0.009642  0.004094  .003711824  0.02137   0.7145    -0.306 
 192  452704  731  0.001246  0.000862  .000405918  0.00773   2.7304    11.013 
 193  452907  731  0.011724  0.007400  .006533341  0.09777   5.9843    51.116 
 194  453038  731  0.000672  0.000254  .000328782  0.00196   1.6847     3.126 
 195  453258  731  0.001571  0.000714  .000394140  0.00409   0.6893     0.054 
 196  456905  731  0.004992  0.002358  .001905291  0.01755   1.9146     4.487 
 197  457647  731  0.006394  0.002133  .003212303  0.02223   1.9300     7.264 
 198  458118  731  0.005738  0.000819  .004210547  0.00993   1.0228     2.167 
 199  458140  731  0.001623  0.000424  .000935028  0.00432   1.8621     6.005 
 200  45816D  731  0.008357  0.004050  .002374432  0.02909   1.5929     3.843 
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  Firm  cnum   n       mean        std        min     max     skew     kurt 
 
  201 458683 731 .004287714 .001651872 .002348359 0.010250  1.5600    1.791 
  202 458771 731 .005963202 .002441884 .003535529 0.030485  4.0674   27.652 
  203 459200 731 .001304112 .000787215 .000316676 0.004842  1.4107    2.166 
  204 460146 731 .000872285 .000392829 .000369194 0.002375  1.2726    0.869 
  205 460593 731 .009392968 .005283482 .003317285 0.036887  2.6004    7.866 
  206 461142 731 .007186394 .003677852 .005401598 0.081116 12.5336  229.628 
  207 461203 731 .002397800 .000757582 .001199489 0.008203  1.8359    7.099 
  208 461858 731 .006077678 .002378394 .002953510 0.013948  0.8807   -0.195 
  209 462218 731 .001763045 .000574656 .001228172 0.008280  4.3243   31.758 
  210 464268 731 .003891077 .001921766 .001778312 0.012495  1.7656    3.238 
  211 465823 731 .003974222 .000775632 .003256028 0.011446  3.2638   17.647 
  212 466210 731 .004162648 .001545620 .002399258 0.026009  6.2916   67.941 
  213 478160 731 .000539754 .000175916 .000266995 0.001400  1.2667    2.357 
  214 478366 731 .000859996 .000339714 .000402156 0.002531  1.8858    4.819 
  215 482047 731 .002209190 .001281053 .001387009 0.021148  8.2638   98.030 
  216 482732 731 .002388939 .001249414 .000847855 0.007354  1.3233    1.570 
  217 487584 731 .004101943 .003502715 .000791626 0.024941  2.4011    6.689 
  218 487836 731 .000841043 .000321608 .000443038 0.002032  1.1675    0.553 
  219 489170 731 .001367132 .000385039 .000827480 0.002633  1.1905    0.886 
  220 493144 731 .006775297 .002828204 .002348820 0.024407  1.2148    3.921 
  221 494368 731 .000817833 .000189518 .000535040 0.001222  0.4576   -1.212 
  222 498782 731 .001690272 .000406151 .001121084 0.003782  1.4484    2.771 
  223 500692 731 .006898918 .003952012 .004396276 0.073827  8.6854  122.802 
  224 501242 731 .004861466 .000787686 .003624505 0.008318  0.9780    1.576 
  225 505862 731 .001285897 .000283295 .000715406 0.002097  0.1246   -0.411 
  226 514614 731 .003045369 .001276377 .002015749 0.016263  4.3017   28.613 
  227 524660 731 .001170348 .000233040 .000867474 0.002834  2.4503   10.256 
  228 532192 731 .005422891 .003593576 .001536022 0.016884  1.4665    1.323 
  229 532457 731 .001010073 .000527125 .000343492 0.002981  1.1191    0.643 
  230 536314 731 .001283633 .000532081 .000550247 0.004042  1.7113    3.596 
  231 539451 731 .005938129 .004644082 .002760356 0.090416 10.3644  162.813 
  232 549271 731 .000909843 .000160127 .000651555 0.001465  0.7236    0.459 
  233 550819 731 .002002276 .001319623 .000533167 0.007541  1.6905    2.674 
  234 551137 731 .002351047 .001229515 .001068169 0.020844  5.9784   73.078
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   Firm  cnum   n     mean        std        min     max     skew     kurt 
 
   235 553531 731 0.003378 .001290960 .001504853 0.008762  1.0580    1.029 
   236 553777 731 0.002440 .001286564 .001013427 0.008240  1.7586    3.362 
   237 554273 731 0.002543 .001436925 .000809795 0.007949  1.1325    0.650 
   238 576674 731 0.002964 .000860158 .002494492 0.014403  6.0699   58.563 
   239 576879 731 0.001347 .000362772 .000714239 0.002462  0.8756    0.492 
   240 577081 731 0.002130 .001508185 .001340057 0.032400 12.9405  233.998 
   241 577913 731 0.003515 .002329617 .000920613 0.013889  1.7499    3.464 
   242 580037 731 0.003156 .002153089 .001215641 0.013520  2.7690    7.992 
   243 58440W 731 0.011636 .007060224 .003236658 0.047384  1.8246    3.878 
   244 585055 731 0.001327 .000365371 .000749784 0.003250  1.4643    3.698 
   245 587188 731 0.004370 .002310340 .001553565 0.016100  1.6330    3.021 
   246 587200 731 0.004036 .001634745 .001687654 0.011954  1.5521    3.482 
   247 589331 731 0.000690 .000315562 .000362255 0.001776  1.2038    0.636 
   248 589584 731 0.006483 .002948865 .002574621 0.024238  1.8556    4.896 
   249 590262 731 0.003334 .001696153 .001812514 0.022685  4.7802   38.240 
   250 590829 731 0.001309 .000709166 .000418937 0.006164  1.8869    5.902 
   251 590876 731 0.001516 .000403215 .000767073 0.002749  0.4385   -0.294 
   252 594901 731 0.006080 .002205559 .002777075 0.014112  1.0531    0.888 
   253 594918 731 0.001644 .000620787 .000826312 0.004980  2.0881    5.268 
   254 595176 731 0.011881 .008710466 .001783954 0.049302  1.8325    3.900 
   255 600544 731 0.002068 .000801280 .000984514 0.010409  4.0317   29.428 
   256 601073 731 0.001659 .000658188 .000702448 0.005271  1.6976    4.304 
   257 604540 731 0.002217 .000650687 .001485993 0.010300  4.1934   37.376 
   258 607494 731 0.002918 .001253216 .001008435 0.008780  1.4464    2.803 
   259 607828 731 0.001842 .000822310 .000592965 0.005827  1.1053    1.622 
   260 615394 731 0.002886 .001195538 .001110636 0.010542  1.8750    6.715 
   261 620076 731 0.001586 .000846018 .000576540 0.005427  1.2301    1.107 
   262 624752 731 0.001208 .000510091 .000463001 0.004613  2.1071    7.120 
   263 629156 731 0.004052 .001461728 .002074642 0.013143  2.0777    6.451 
   264 630077 731 0.012584 .007763900 .003844951 0.084001  3.7976   23.852 
   265 630402 731 0.005760 .002547902 .001423428 0.014074  0.4318   -0.589 
   266 631226 731 0.002713 .001479821 .000985203 0.010256  2.2019    6.021 
   267 639027 731 0.004269 .001593285 .003001095 0.033494  9.6863  159.262 
   268 63934E 731 0.003396 .000990517 .001888642 0.014702  4.1339   35.437 
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 Firm   cnum    n      mean       std         min      max     skew      kurt 
 
 269  639480  731  0.003649  0.002047  .001192198  0.01882  2.38948    9.0652 
 270  641208  731  0.005523  0.002416  .002251823  0.02734  2.52272   13.9202 
 271  642876  731  0.006099  0.003579  .001847498  0.02459  1.55039    3.0217 
 272  651824  731  0.004908  0.002862  .001640497  0.01602  1.64756    2.4363 
 273  655663  731  0.001233  0.000440  .000481857  0.00267  0.69465    0.0709 
 274  656531  731  0.001081  0.000237  .000723402  0.00223  1.65803    3.4739 
 275  666807  731  0.001799  0.000562  .000763650  0.00321  0.03024   -0.8774 
 276  670841  731  0.005093  0.001592  .002339202  0.01100  0.84991    1.0373 
 277  671040  731  0.009066  0.003651  .003750612  0.02904  1.66923    3.7439 
 278  674599  731  0.000834  0.000366  .000330899  0.00290  1.68854    3.9929 
 279  675232  731  0.003595  0.001432  .001298981  0.01106  1.76811    4.9466 
 280  677864  731  0.001902  0.000776  .000798009  0.00684  2.24310    7.6961 
 281  678042  731  0.003083  0.001610  .000954441  0.00883  1.07172    0.6594 
 282  680665  731  0.001364  0.000708  .000449611  0.00412  1.06062    0.8650 
 283  683818  731  0.017155  0.009952  .006652962  0.05047  1.45519    1.5311 
 284  68389X  731  0.004073  0.002708  .002823390  0.03447  5.63224   44.7250 
 285  68554V  731  0.007178  0.003146  .002199323  0.01932  0.89991    0.4594 
 286  685906  731  0.006627  0.001633  .004163185  0.01286  1.01497    0.7837 
 287  688350  731  0.002753  0.001318  .000875547  0.00668  0.89304    0.0904 
 288  69073F  731  0.006637  0.012493  .000747125  0.08058  3.20568   10.3964 
 289  693506  731  0.000575  0.000132  .000274227  0.00094  0.26409   -0.4558 
 290  69361E  731  0.009410  0.011478  .001765234  0.15850  7.84558   81.4081 
 291  693651  731  0.006726  0.004839  .002594518  0.08289  7.70804   97.9282 
 292  693718  731  0.001489  0.000410  .000872917  0.00358  1.28828    2.6165 
 293  693905  731  0.008425  0.002947  .006606498  0.04600  6.25186   59.3712 
 294  69912T  731  0.003815  0.001316  .001896420  0.01084  1.72592    4.0625 
 295  701094  731  0.001074  0.000397  .000583258  0.00481  2.97092   16.4876 
 296  701630  731  0.007588  0.002777  .003570125  0.03355  2.90564   15.9744 
 297  705514  731  0.003866  0.001656  .001341894  0.01370  1.32719    2.5555 
 298  707389  731  0.001035  0.000359  .000486217  0.00345  1.80651    6.9685 
 299  709631  731  0.001518  0.000464  .000983949  0.00691  5.05094   44.1090 
 300  714046  731  0.001604  0.001000  .000685731  0.00520  1.99506    2.9852 
 301  717081  731  0.000785  0.000299  .000361673  0.00205  1.26940    1.6206 
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  Firm   cnum    n      mean       std       min      max     skew     kurt 
 
  302  71713U  731  0.001427  0.000902  0.000334  0.00566   1.7861    3.341 
  303  717265  731  0.001269  0.000295  0.000842  0.00299   1.5141    3.291 
  304  719219  731  0.009738  0.026591  0.001551  0.63202  18.4660  415.331 
  305  719405  731  0.005524  0.002359  0.002514  0.01687   2.1217    5.771 
  306  723646  731  0.002584  0.000896  0.001355  0.00490   1.0748    0.025 
  307  724479  731  0.001077  0.000721  0.000341  0.00467   2.1685    4.674 
  308  731068  731  0.001476  0.000692  0.000961  0.00916   4.6159   33.840 
  309  735647  731  0.012732  0.011319  0.000754  0.04817   1.1105    0.231 
  310  737407  731  0.007687  0.002496  0.005249  0.02523   2.7406   11.204 
  311  742578  731  0.005390  0.003009  0.001515  0.01608   1.0814    0.540 
  312  742718  731  0.000875  0.000765  0.000172  0.00716   3.7560   19.734 
  313  744375  731  0.018006  0.001670  0.016828  0.03303   3.1044   15.055 
  314  747316  731  0.001377  0.000340  0.000803  0.00292   1.1098    1.671 
  315  747582  731  0.008866  0.005979  0.000973  0.04117   1.6504    3.577 
  316  748802  731  0.004652  0.002307  0.001416  0.01570   1.8903    4.905 
  317  749056  731  0.003985  0.002166  0.001294  0.01563   1.7206    3.760 
  318  750862  731  0.007353  0.002503  0.003112  0.01630   0.8276    0.629 
  319  75409P  731  0.007433  0.002588  0.003250  0.02839   2.5380   12.486 
  320  755103  731  0.008896  0.003073  0.004675  0.03678   2.6947   13.289 
  321  755111  731  0.001955  0.002986  0.000112  0.02574   3.8279   18.051 
  322  756268  731  0.005063  0.001138  0.003291  0.01328   2.0941    7.620 
  323  759903  731  0.009861  0.004184  0.003236  0.02840   1.4355    2.689 
  324  759916  731  0.012690  0.006027  0.002715  0.04100   1.0753    1.919 
  325  760911  731  0.009307  0.004561  0.003181  0.03473   1.9802    5.435 
  326  775371  731  0.001198  0.000645  0.000396  0.00441   1.8481    4.640 
  327  780257  731  0.000345  0.000174  0.000125  0.00115   1.8855    3.761 
  328  783873  731  0.011290  0.016438  0.006884  0.41125  20.5585  486.578 
  329  783978  731  0.013847  0.006806  0.007145  0.09866   5.5602   49.710 
  330  784413  731  0.002730  0.000941  0.002017  0.01785   7.0492   94.319 
  331  784626  731  0.001710  0.000704  0.000755  0.00564   1.5335    3.456 
  332  790849  731  0.001998  0.000703  0.001134  0.00756   2.8869   13.540 
  333  806857  731  0.000748  0.000318  0.000326  0.00203   1.4873    2.330 
  334  808655  731  0.003941  0.001495  0.001758  0.01134   1.4184    2.511 
  335  808799  731  0.009347  0.005525  0.005184  0.08619   6.1846   63.082 
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 Firm   cnum    n      mean      std         min      max     skew      kurt 
 
 336  815677  731  0.025110  0.01806  .003879097   0.1427   2.2661     7.650 
 337  816119  731  0.003113  0.00093  .001646384   0.0062   1.3559     1.712 
 338  81725T  731  0.001089  0.00072  .000256845   0.0089   3.9043    27.883 
 339  817320  731  0.002072  0.00169  .000319822   0.0151   2.5070    10.473 
 340  822440  731  0.008718  0.00649  .002082176   0.0420   2.2804     5.794 
 341  822703  731  0.000447  0.00022  .000184536   0.0015   1.8331     3.868 
 342  824348  731  0.000970  0.00043  .000389249   0.0020   0.6204    -0.801 
 343  826565  731  0.011225  0.00581  .002720492   0.0338   1.0009     1.147 
 344  827056  731  0.023104  0.39304  .003327313  10.6065  26.8275   723.131 
 345  831865  731  0.001903  0.00066  .000834089   0.0041   0.7298     0.141 
 346  833034  731  0.000829  0.00020  .000562045   0.0028   3.0063    18.362 
 347  835699  731  0.001806  0.00135  .000308580   0.0115   2.9447    12.785 
 348  846819  731  0.005861  0.00249  .003531130   0.0318   3.7835    24.267 
 349  847615  731  0.011650  0.01045  .001779878   0.0642   2.4811     6.723 
 350  848565  731  0.012873  0.00594  .004406948   0.0470   1.7783     4.911 
 351  853626  731  0.005061  0.00120  .003612110   0.0205   4.4647    41.622 
 352  853887  731  0.001628  0.00085  .000495868   0.0057   1.5471     2.879 
 353  855668  731  0.000875  0.00033  .000404752   0.0020   1.3576     1.646 
 354  858586  731  0.001257  0.00023  .001000888   0.0029   2.4752     9.492 
 355  862111  731  0.004645  0.00094  .003537570   0.0108   2.3836     8.410 
 356  864159  731  0.001663  0.00062  .000851035   0.0089   3.8234    30.613 
 357  866810  731  0.002878  0.00054  .002310465   0.0067   2.2825     8.438 
 358  867363  731  0.002661  0.00094  .001371123   0.0074   2.0554     5.583 
 359  868168  731  0.001472  0.00048  .000664096   0.0035   0.8662     1.248 
 360  868532  731  0.006251  0.00222  .004418243   0.0237   3.2019    15.373 
 361  871508  731  0.003809  0.00185  .001483472   0.0122   1.6138     3.082 
 362  871543  731  0.007533  0.00371  .001969272   0.0371   1.8601     7.250 
 363  871565  731  0.003694  0.00159  .001784724   0.0149   2.6588    10.211 
 364  87162E  731  0.012478  0.01168  .006778091   0.2369  12.5698   210.515 
 365  871873  731  0.006682  0.00279  .004547855   0.0364   4.9291    37.959 
 366  872649  731  0.000935  0.00043  .000372294   0.0029   1.6814     3.052 
 367  873197  731  0.002768  0.00213  .000811237   0.0124   1.8982     3.078 
 368  877163  731  0.008419  0.00692  .002054811   0.0657   3.6029    18.344 
 369  878409  731  0.010999  0.00575  .003972279   0.0822   4.2311    38.221                                
 370  878727  731  0.009143  0.004198  .002021604  0.02081   0.4707    -0.549 
 371  879101  731  0.008373  0.002290  .004667159  0.02223   1.4391     3.387 
 372  879131  731  0.002574  0.001637  .000608519  0.00988   1.4246     2.057 
 373  879664  731  0.004163  0.001575  .002080150  0.01816   2.2824    10.669 
 374  880345  731  0.001016  0.000283  .000568160  0.00366   2.2012    12.895 
 375  880770  731  0.003368  0.001561  .001112345  0.01360   1.6569     5.179 
 376  882508  731  0.001645  0.000694  .000630583  0.00476   1.6210     3.073 
 377  883203  731  0.000851  0.000386  .000294366  0.00347   2.5446    10.578 
 378  883375  731  0.013007  0.022675  .004500815  0.56580  20.3004   486.195 
 379  883556  731  0.001659  0.001080  .000506231  0.01045   3.0773    14.836 
 380  884315  731  0.000928  0.000670  .000315645  0.00342   1.8551     2.516 
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 Firm   cnum    n      mean       std         min      max     skew      kurt 
 
 381  884425  731  0.001681  0.000535  .000848287  0.00461   1.5441     3.297 
 382  885535  731  0.005777  0.002035  .002598616  0.01457   1.0955     0.972 
 383  887134  731  0.005298  0.000740  .004399019  0.01073   2.3659     9.187 
 384  887389  731  0.000981  0.000140  .000798114  0.00232   2.4683    13.457 
 385  893889  731  0.003601  0.003143  .000508837  0.02088   1.8818     4.463 
 386  901476  731  0.000872  0.000456  .000306682  0.00444   2.3251     8.823 
 387  902104  731  0.007080  0.007472  .001487492  0.09090   6.4181    53.563 
 388  909214  731  0.005787  0.008266  .001016513  0.08808   5.7756    41.688 
 389  910671  731  0.002022  0.000851  .000931770  0.00942   3.2330    18.020 
 390  913017  731  0.000755  0.000310  .000302456  0.00179   1.0847     0.608 
 391  920253  731  0.002288  0.000996  .000864846  0.00592   0.8579    -0.012 
 392  920355  731  0.001030  0.000338  .000589032  0.00366   2.8684    13.477 
 393  92220P  731  0.001500  0.000691  .000550201  0.00463   1.3222     1.723 
 394  923351  731  0.009835  0.007804  .002554574  0.04835   2.3812     5.696 
 395  928298  731  0.002813  0.001318  .000841188  0.00865   1.3336     2.346 
 396  928703  731  0.003741  0.001692  .001471076  0.01488   2.1981     7.601 
 397  929160  731  0.000709  0.000174  .000383533  0.00143   0.9013     1.015 
 398  929297  731  0.005110  0.002493  .001971835  0.01749   1.7664     4.302 
 399  943315  731  0.001838  0.000841  .000617786  0.00491   1.2153     1.278 
 400  948585  731  0.017684  0.008534  .003556832  0.04686   0.5852    -0.117 
 401  955306  731  0.001075  0.000903  .000628202  0.01957  13.4963   252.088 
 402  957547  731  0.007860  0.004141  .003823158  0.03556   3.0609    12.966 
 403  958102  731  0.007479  0.003936  .003091705  0.02208   1.4149     1.427 
 404  962166  731  0.000912  0.000206  .000587493  0.00160   0.6626    -0.004 
 405  963801  731  0.015724  0.007455  .002939495  0.04767   1.2625     1.899 
 406  974637  731  0.003750  0.002213  .000924147  0.01940   2.0157     7.570 
 407  979438  731  0.002205  0.001059  .000798386  0.00558   1.2563     0.692 
 408  983857  731  0.003505  0.001494  .001471424  0.01247   1.9063     5.232 
 409  984121  731  0.002865  0.004463  .000373542  0.02655   3.1400    10.313 
 410  984903  731  0.012532  0.007099  .002267813  0.04064   1.1536     1.607 
 411  986001  731  0.009229  0.013832  .002619482  0.23574  12.6642   195.807 
 412  988910  731  0.002267  0.000977  .000706183  0.00671   1.2144     1.527 
 413  989139  731  0.007309  0.003793  .001910601  0.01943   0.6081    -0.773 
 414  989855  731  0.007873  0.005619  .002174491  0.04849   3.3911    16.072 
 415  G36535  731  0.003051  0.003714  .000659606  0.02031   2.8277     7.615 
 


* Skewness measures the degree and direction of asymmetry.  A symmetric  
    distribution    such as a normal distribution has a skewness of 0, and a  
    distribution that is skewed to the right, e.g. when the mean is less than the  
    median, has a positive skewness.  
    Kurtosis is a measure of the heaviness of the tails of a distribution. In SAS,  
    a normal distribution has kurtosis 0. Kurtosis is positive if the tails are "heavier" 
    than for a normal distribution and negative if the tails are "lighter" than for a  
    normal distribution. 
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Appendix 3:   Summary statistics of idiosyncratic volatility from CAPM 
 
 
   Firm  cnum    n    mean     std      min      max      skew        kurt 
 
     1  000886  14  0.36139  0.25477  0.03651  0.74057   0.18379   -1.4777 
     2  001031  14  0.44281  0.32526  0.02376  1.16266   0.87357    0.2243 
     3  001853  14  0.44080  0.45438  0.13032  1.94335   3.16476   10.8643 
     4  001957  14  0.19552  0.15334  0.01174  0.49169   0.91690    0.1201 
     5  00202J  14  0.52845  0.80294  0.02897  3.20120   3.22547   11.2476 
     6  002824  14  0.20044  0.13614  0.04821  0.52683   1.06339    1.1968 
     7  003654  14  0.68182  0.57743  0.01968  2.32217   1.87231    4.6239 
     8  00508X  14  0.40135  0.30897  0.06817  1.16134   1.70716    2.5968 
     9  00651F  14  0.74034  0.64844  0.02637  2.29587   0.99988    0.9192 
    10  00753P  14  0.50335  0.31779  0.06393  1.30861   1.02912    2.1265 
    11  00757T  14  0.49742  0.39346  0.00548  1.36033   0.83737    0.4129 
    12  007692  14  0.34210  0.30571  0.00785  0.95264   0.64216   -0.6230 
    13  007768  14  0.89189  1.40684  0.04175  5.63628   3.37693   12.0347 
    14  008015  14  0.60851  0.58796  0.06433  1.90505   1.35702    0.9752 
    15  009158  14  0.17560  0.11171  0.04027  0.36320   0.45100   -1.0609 
    16  012348  14  0.24504  0.15465  0.05368  0.54580   0.64984   -0.7604 
    17  013742  14  0.77607  0.52526  0.14745  1.91422   0.94783   -0.0919 
    18  013817  14  0.20530  0.24442  0.00502  0.99896   2.92411    9.9149 
    19  01741R  14  0.19161  0.19004  0.00773  0.60680   1.10339    0.0834 
    20  018773  14  0.54097  0.42103  0.16552  1.55291   1.21199    1.0102 
    21  020813  14  0.27068  0.17038  0.06337  0.68685   0.94757    1.2633 
    22  027284  14  0.60370  0.59235  0.04271  2.10477   1.42712    1.8601 
    23  027352  14  0.36803  0.22179  0.04342  0.70007  -0.03227   -1.3018 
    24  030137  14  0.51859  0.41463  0.08897  1.30769   0.69577   -0.9229 
    25  030371  14  0.41709  0.34357  0.06900  1.38543   1.73472    4.2958 
    26  030710  14  0.23544  0.26032  0.02061  0.85286   1.61244    1.7084 
    27  031162  14  0.61755  0.47315  0.23486  1.99300   2.10155    5.2655 
    28  031535  14  0.64202  0.83141  0.01971  3.37970   3.11044   10.6280 
    29  032654  14  0.33153  0.39818  0.00180  1.57447   2.55497    7.9715 
    30  032744  14  0.73145  0.59423  0.13818  2.45904   2.03174    5.2905 
    31  034425  14  0.37090  0.29028  0.03022  0.89286   0.78773   -0.9799 
    32  038020  14  0.31520  0.36819  0.01244  1.38496   2.03821    5.1575 
    33  038222  14  0.37019  0.38141  0.00330  1.45126   1.87664    4.4144 
    34  044204  14  0.21429  0.13005  0.01925  0.44481   0.40537   -0.9414 
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Firm   cnum     n     mean      std       min       max       skew       kurt 
 
 35   046224   14   0.57898   0.45786   0.13182   1.61372   1.19596    0.75018 
 36   04638F   14   0.36276   0.41071   0.01377   1.65230   2.64050    8.23502 
 37   051503   14   0.35718   0.28355   0.06630   1.16645   1.89847    4.75434 
 38   052769   14   0.31071   0.23967   0.00260   0.75240   0.34294   -1.05259 
 39   053015   14   0.12346   0.09731   0.00367   0.32216   0.71755   -0.29280 
 40   053611   14   0.15904   0.11043   0.03077   0.40292   0.92217    0.27804 
 41   054303   14   0.28149   0.17359   0.02084   0.55581   0.23961   -1.06030 
 42   054546   14   0.53797   0.69353   0.01913   2.67654   2.55694    7.40766 
 43   055622   14   0.19184   0.11302   0.01398   0.38662   0.31770   -0.81589 
 44   055961   14   0.36905   0.37732   0.01817   1.46427   2.11153    5.28063 
 45   056525   14   0.25794   0.19274   0.00935   0.80301   1.76629    4.57578 
 46   056543   14   0.43771   0.31325   0.01429   1.14232   1.21126    1.19006 
 47   057224   14   0.29066   0.29421   0.01044   0.98945   1.48557    1.63121 
 48   057741   14   0.17393   0.11871   0.00297   0.38055   0.27275   -1.08181 
 49   058264   14   0.44037   0.35654   0.01991   1.19305   0.69736   -0.32825 
 50   058498   14   0.20845   0.14820   0.00367   0.48116   0.62416   -0.57000 
 51   058822   14   0.28771   0.35708   0.00013   1.31916   2.07065    5.04107 
 52   059815   14   0.23310   0.22820   0.01016   0.81550   1.34089    1.96004 
 53   067383   14   0.22959   0.14251   0.04019   0.46223   0.32690   -1.32067 
 54   068306   14   0.58613   0.54694   0.03372   2.27435   2.44073    7.53287 
 55   071707   14   0.19193   0.10895   0.02349   0.39910   0.33151   -0.80761 
 56   071813   14   0.21701   0.13885   0.02935   0.54452   1.10277    0.96076 
 57   075887   14   0.24568   0.14977   0.07596   0.59439   1.01890    0.59512 
 58   081437   14   0.20378   0.14734   0.03352   0.51333   0.89470    0.15392 
 59   090613   14   0.38456   0.46265   0.02871   1.78625   2.35113    6.67311 
 60   09066H   14   0.82267   0.58821   0.05780   2.48907   1.79364    4.59240 
 61   090909   14   0.50299   0.40717   0.03017   1.50204   1.07362    1.27542 
 62   091797   14   0.20490   0.14168   0.00774   0.50876   0.57260   -0.17481 
 63   097023   14   0.19930   0.18513   0.01620   0.54722   1.01816   -0.28475 
 64   097383   14   0.15340   0.09703   0.00549   0.31075   0.13830   -0.95260 
 65   100534   14   0.24262   0.24538   0.04944   0.75903   1.54192    1.06090 
 66   109043   14   0.20171   0.13695   0.01089   0.56160   1.42454    2.86809 
 67   110122   14   0.15830   0.10285   0.02019   0.39859   0.88286    0.96066 
 68   110448   14   0.24501   0.21432   0.01742   0.71372   1.17834    0.85534 
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   Firm   cnum    n    mean     std      min      max      skew       kurt 
 
    69  117043  14  0.16099  0.13899  0.00458  0.46007   0.72201   -0.1025 
    70  117421  14  0.21296  0.15271  0.00795  0.45696   0.21776   -1.3979 
    71  123655  14  0.30814  0.24365  0.01307  0.79289   0.61689   -0.7407 
    72  124661  14  0.35699  0.29678  0.02256  0.94098   1.00439    0.2922 
    73  125010  14  1.19558  0.90913  0.01357  3.72847   1.58508    4.1957 
    74  126145  14  0.26296  0.22461  0.00007  0.66002   0.56176   -1.2776 
    75  126389  14  0.18737  0.11433  0.02204  0.33761  -0.29107   -1.3863 
    76  127387  14  0.33821  0.37500  0.02182  1.50220   2.56715    7.7127 
    77  132011  14  0.29395  0.17585  0.04009  0.56138   0.02610   -1.5358 
    78  134429  14  0.15650  0.15886  0.00034  0.51999   1.36449    1.1930 
    79  144285  14  0.18795  0.15185  0.00187  0.49478   1.03273    0.5320 
    80  144525  14  0.46640  0.48034  0.02466  1.63193   1.35307    1.2806 
    81  151020  14  0.71251  0.71828  0.22444  3.06963   3.06066   10.4476 
    82  156782  14  0.71375  0.64124  0.07972  2.60616   2.16261    5.7960 
    83  166764  14  0.13320  0.09434  0.00057  0.30385   0.18653   -0.9179 
    84  170040  14  0.32299  0.19585  0.00998  0.66923   0.22956   -0.8152 
    85  171340  14  0.19232  0.13910  0.01974  0.40582   0.12749   -1.6405 
    86  179895  14  0.17460  0.12041  0.01047  0.36708   0.51292   -1.1636 
    87  189054  14  0.13876  0.09871  0.00805  0.37048   0.73550    0.9908 
    88  189873  14  0.48014  0.45856  0.00423  1.54645   1.27090    1.1267 
    89  191042  14  0.32960  0.16818  0.03147  0.61182  -0.12415   -0.5665 
    90  192432  14  1.16569  0.78360  0.38507  3.66010   2.69601    8.9698 
    91  192479  14  0.34212  0.30346  0.00600  0.91804   0.80538   -0.4651 
    92  19652U  14  0.54149  0.28635  0.10730  0.88305  -0.39839   -1.5862 
    93  200332  14  0.94814  1.40282  0.03818  5.56437   3.11832   10.5924 
    94  204925  14  0.65218  0.47394  0.15367  1.99727   1.93602    4.5050 
    95  205862  14  0.76680  0.53710  0.01469  1.49027  -0.11393   -1.5636 
    96  205912  14  0.40821  0.38032  0.05103  1.43052   1.75130    3.1772 
    97  205920  14  0.69250  0.84799  0.02003  3.42923   2.90758    9.5730 
    98  207410  14  0.74247  0.41845  0.23400  1.50780   0.89945   -0.2793 
    99  216648  14  0.67655  0.52024  0.00674  2.13035   1.60456    4.2187 
   100  219350  14  0.33446  0.39135  0.01672  1.57176   2.69251    8.5323 
   101  224399  14  0.15215  0.16370  0.00641  0.53922   1.59845    1.8275 
   102  224901  14  0.88289  0.54020  0.12559  2.04815   0.47625    0.1577 
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Firm    cnum    n     mean      std       min       max       skew        kurt 
 
103   227116   14   0.33385   0.35313   0.00666   1.27265   1.50484     2.7409 
104   227478   14   0.20936   0.19815   0.01737   0.65276   1.21959     0.6767 
105   231561   14   0.14117   0.10696   0.02553   0.41067   1.34809     1.7737 
106   23252E   14   0.42590   0.52811   0.01344   2.06638   2.58250     7.7646 
107   232674   14   0.25204   0.21730   0.06496   0.90017   2.18145     6.0951 
108   232824   14   0.58109   0.48153   0.05833   1.84114   1.38476     2.4790 
109   232828   14   0.88093   1.37269   0.03851   5.52424   3.40934    12.2297 
110   23330X   14   0.41774   0.25244   0.11340   0.90771   0.89937    -0.2883 
111   235811   14   0.22059   0.17705   0.00829   0.65392   1.00385     1.3696 
112   235851   14   0.23320   0.12738   0.07474   0.46714   0.30533    -1.1072 
113   237690   14   0.45238   0.40523   0.02622   1.27629   0.95133    -0.1291 
114   237909   14   0.23023   0.13226   0.00418   0.48272   0.22829    -0.1092 
115   238108   14   0.48511   0.51561   0.00864   2.12791   2.71103     8.9784 
116   244199   14   0.21952   0.20834   0.01654   0.73588   1.85300     2.7699 
117   245091   14   0.35319   0.27122   0.01753   0.93997   0.73379     0.0510 
118   249030   14   0.49110   0.38913   0.01855   1.47108   1.23607     1.9417 
119   250685   14   0.36150   0.21824   0.05113   0.75033   0.26811    -0.8413 
120   252450   14   0.37957   0.32612   0.02901   1.22442   1.66111     2.6090 
121   253651   14   0.23044   0.23143   0.00770   0.67105   0.96218    -0.7028 
122   254546   14   0.14060   0.09959   0.00804   0.35074   0.59993     0.0708 
123   257651   14   0.22391   0.16419   0.00962   0.48115   0.21106    -1.2663 
124   260003   14   0.12343   0.09880   0.00121   0.28874   0.38375    -1.2338 
125   260543   14   0.13156   0.11989   0.01364   0.35784   0.92917    -0.7495 
126   263534   14   0.10244   0.09984   0.00270   0.36441   1.44423     2.5494 
127   268157   14   0.58555   0.41741   0.05624   1.59837   1.11917     1.2411 
128   268255   14   0.37983   0.38284   0.02951   1.49130   2.14040     5.3385 
129   26873N   14   0.39035   0.18624   0.15763   0.73741   0.53302    -1.1863 
130   276317   14   0.17265   0.12748   0.00721   0.49421   1.35444     2.0989 
131   278058   14   0.14037   0.12484   0.00348   0.50180   1.97697     5.2173 
132   278865   14   0.09095   0.05822   0.00246   0.21701   0.53126     0.0499 
133   281347   14   0.45297   0.46175   0.00147   1.78072   1.86887     4.8970 
134   285233   14   0.46465   0.37177   0.00429   1.37547   1.22521     1.4698 
135   291011   14   0.13131   0.13885   0.00211   0.50785   1.64669     3.2060 
136   292475   14   1.50115   2.25457   0.03037   9.15885   3.45400    12.4904 
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   Firm   cnum    n    mean     std      min      max      skew      kurt 
 
   137  296056  14  0.46434  0.26409  0.09711  0.98069   0.46669  -0.61978 
   138  300645  14  0.57624  0.51544  0.16131  2.22342   2.85532   9.08335 
   139  30231G  14  0.06008  0.05356  0.00130  0.18152   0.98852   0.47230 
   140  302491  14  0.17035  0.13657  0.04329  0.44056   0.84244  -0.83053 
   141  302747  14  0.29269  0.22544  0.01498  0.69788   0.57626  -1.06018 
   142  303250  14  0.38775  0.35337  0.02122  1.36872   1.82112   3.90643 
   143  315405  14  0.22687  0.21867  0.00938  0.79700   1.44318   2.41932 
   144  316869  14  0.45709  0.38307  0.07056  1.51498   1.87514   3.89188 
   145  337610  14  0.31722  0.27126  0.04033  0.82966   0.79924  -0.34356 
   146  339099  14  0.25466  0.15888  0.07382  0.55065   0.58249  -0.94208 
   147  343468  14  0.22963  0.20423  0.03217  0.79643   1.69118   3.84216 
   148  349631  14  0.18904  0.15158  0.02239  0.58399   1.49978   2.51594 
   149  353515  14  0.48431  0.37360  0.07622  1.48795   1.49634   3.03290 
   150  359694  14  0.26886  0.20461  0.00295  0.67693   0.87110   0.36010 
   151  36317Q  14  0.48149  0.25899  0.17875  1.06476   1.24285   1.20236 
   152  368682  14  0.21989  0.14700  0.01705  0.51365   0.45512  -0.57818 
   153  369154  14  0.36435  0.29921  0.03644  0.96749   1.17198   0.21749 
   154  369550  14  0.27587  0.19723  0.00459  0.60596   0.59359  -0.91665 
   155  369604  14  0.08818  0.06457  0.00969  0.23914   0.96511   0.72856 
   156  370442  14  0.16981  0.18130  0.00801  0.60460   1.57357   1.40943 
   157  373730  14  0.13812  0.10151  0.01172  0.38913   1.30773   2.17451 
   158  375175  14  0.32895  0.55405  0.00262  2.02475   2.63909   7.22076 
   159  375766  14  0.17476  0.14746  0.03091  0.47560   1.10164  -0.09815 
   160  376360  14  0.31044  0.24968  0.00943  0.86518   0.80615   0.07953 
   161  382550  14  0.26082  0.38714  0.00147  1.43257   2.45959   6.64546 
   162  384109  14  0.20405  0.11438  0.03464  0.34381  -0.18050  -1.62064 
   163  384556  14  0.45911  0.43771  0.02034  1.68581   1.82412   4.14280 
   164  398433  14  0.46716  0.48023  0.07604  1.86273   2.04278   5.20091 
   165  39943Y  14  0.50886  0.64899  0.01979  2.56869   2.80267   8.72400 
   166  401794  14  0.32010  0.23909  0.00005  0.89512   0.90769   1.14970 
   167  404160  14  0.65887  0.47388  0.00887  1.72246   0.68909   0.48237 
   168  406216  14  0.22508  0.18215  0.01435  0.59063   0.86622  -0.21160 
   169  412822  14  0.26816  0.23049  0.02445  0.68855   0.80047  -0.73191 
   170  413086  14  0.38148  0.24398  0.03452  0.82076   0.28673  -1.09690 
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Firm    cnum     n     mean      std       min       max       skew       kurt 
 
171   413875   14   0.15577   0.14330   0.00797   0.49161   1.15280     0.7168 
172   415864   14   0.16304   0.15849   0.00851   0.59789   1.83286     3.7746 
173   418056   14   0.28274   0.27394   0.02304   1.14329   2.62666     8.2795 
174   423319   14   0.74250   0.49256   0.10892   2.00623   1.28772     2.2472 
175   426281   14   0.81358   0.75919   0.12598   3.18502   2.59490     8.0332 
176   427056   14   0.26316   0.21946   0.05738   0.72074   1.21843     0.5621 
177   427866   14   0.14562   0.15029   0.01086   0.45432   1.33903     0.7451 
178   428291   14   0.44977   0.42378   0.01333   1.59270   1.56190     3.1737 
179   433578   14   0.37507   0.36202   0.09023   1.56112   3.04234    10.3721 
180   438128   14   0.21718   0.16216   0.00877   0.52357   0.79877    -0.2362 
181   438516   14   0.15535   0.08898   0.01550   0.32485   0.60916    -0.0247 
182   445591   14   0.24193   0.24675   0.01743   0.77965   1.41967     0.9650 
183   447324   14   0.35882   0.29853   0.00653   0.92121   0.77492    -0.1773 
184   448623   14   0.55819   0.45852   0.02311   1.79070   1.41114     3.2244 
185   44913S   14   1.47850   2.11656   0.14857   8.65532   3.43459    12.3821 
186   449693   14   0.71559   0.82026   0.05720   3.34204   2.81246     9.1697 
187   450911   14   0.13349   0.11358   0.00151   0.37886   0.89962     0.0423 
188   451906   14   0.39847   0.49966   0.01266   1.97744   2.69028     8.5177 
189   452308   14   0.10286   0.09112   0.01693   0.37052   2.09425     5.5878 
190   452525   14   0.52503   0.31042   0.12409   1.11392   0.61214    -0.4426 
191   45255W   14   0.31862   0.33929   0.06520   1.28571   2.24552     4.9482 
192   452704   14   0.18679   0.16249   0.04459   0.62771   1.94130     3.7078 
193   452907   14   0.55947   0.45409   0.01875   1.67534   1.26422     1.5159 
194   453038   14   0.20092   0.15878   0.00150   0.53298   0.93025     0.0620 
195   453258   14   0.32458   0.30007   0.00010   1.09484   1.52008     2.2793 
196   456905   14   0.49505   0.28938   0.14451   1.20688   1.46217     1.9261 
197   457647   14   0.58727   0.57560   0.00713   2.20959   1.79911     4.3152 
198   458118   14   0.74449   0.81137   0.00166   3.31433   2.69899     8.6649 
199   458140   14   0.25499   0.21660   0.01744   0.86078   1.76834     4.1469 
200   45816D   14   0.35640   0.33028   0.03051   1.21476   1.92524     3.3098 
201   458683   14   0.39362   0.30949   0.04309   1.13288   0.97148     0.9708 
202   458771   14   0.39391   0.28333   0.10212   1.01666   0.97838    -0.0118 
203   459200   14   0.27675   0.19755   0.02740   0.58151   0.04262    -1.5200 
204   460146   14   0.11781   0.07755   0.00666   0.27750   0.45586    -0.3896 
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   Firm   cnum   n    mean      std      min      max      skew       kurt 
 
   205  460593  14  0.42067  0.48941  0.01183  1.83749   2.08162    5.1002 
   206  461142  14  1.01414  0.80094  0.11194  2.71165   1.21505    0.7684 
   207  461203  14  0.38490  0.35469  0.02605  1.27229   1.15616    1.6073 
   208  461858  14  0.53212  0.64830  0.03879  2.56733   2.65541    8.1969 
   209  462218  14  0.24639  0.16765  0.01525  0.51662   0.40656   -0.9363 
   210  464268  14  0.43473  0.28616  0.09864  1.19794   1.47187    2.9062 
   211  465823  14  0.99352  1.36570  0.00356  5.50160   3.12274   10.7778 
   212  466210  14  0.54581  0.40012  0.10553  1.65993   1.75361    4.0227 
   213  478160  14  0.15062  0.07108  0.00832  0.25562  -0.26767   -0.2706 
   214  478366  14  0.15386  0.15633  0.01407  0.53156   1.37622    1.3243 
   215  482047  14  0.27559  0.22339  0.00229  0.69903   0.66076   -0.8173 
   216  482732  14  0.31140  0.20848  0.01904  0.79678   0.68602    0.8169 
   217  487584  14  0.83876  0.71131  0.30309  2.92306   2.28329    5.6076 
   218  487836  14  0.22118  0.16588  0.01421  0.56231   0.58488    0.0324 
   219  489170  14  0.23219  0.24456  0.00030  0.92026   1.80064    4.2215 
   220  493144  14  0.63908  0.89154  0.00561  3.59119   3.16706   10.9481 
   221  494368  14  0.12518  0.09891  0.00567  0.35430   1.17490    1.0892 
   222  498782  14  0.19848  0.11372  0.02493  0.42944   0.63802   -0.0169 
   223  500692  14  0.44101  0.31361  0.06451  1.05145   0.88061   -0.3122 
   224  501242  14  0.46474  0.27269  0.07598  1.06093   0.48383    0.1805 
   225  505862  14  0.22559  0.19986  0.00138  0.54395   0.41105   -1.4913 
   226  514614  14  0.41865  0.23057  0.09473  0.92783   0.86194    0.6903 
   227  524660  14  0.17131  0.14962  0.00917  0.51239   0.96639    0.5266 
   228  532192  14  0.73285  0.82908  0.05373  3.38297   2.79366    9.0777 
   229  532457  14  0.20552  0.18533  0.01992  0.54524   0.72009   -0.8246 
   230  536314  14  0.20817  0.15241  0.02169  0.56692   1.32421    1.4629 
   231  539451  14  0.46737  0.31590  0.06993  1.09521   0.64030   -0.2578 
   232  549271  14  0.19995  0.19468  0.03732  0.55179   1.01917   -0.9019 
   233  550819  14  0.36089  0.24768  0.01552  0.71196  -0.03414   -1.2546 
   234  551137  14  0.31762  0.20088  0.06460  0.64050   0.37808   -1.4270 
   235  553531  14  0.33269  0.23844  0.03542  0.74966   0.37607   -0.9863 
   236  553777  14  0.30339  0.21591  0.01812  0.63265   0.28715   -1.3458 
   237  554273  14  0.34966  0.42033  0.01751  1.64480   2.54842    7.4091 
   238  576674  14  0.23332  0.20074  0.00250  0.61419   0.72426   -0.4069 
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   Firm   cnum    n    mean     std      min      max      skew       kurt 
 
   239  576879  14  0.22882  0.15344  0.01183   0.5207   0.70319   -0.1529 
   240  577081  14  0.26503  0.29276  0.00754   0.7458   0.88159   -1.0928 
   241  577913  14  0.44050  0.35397  0.06801   1.4259   1.70809    3.9665 
   242  580037  14  0.38429  0.25110  0.00325   0.9031   0.61391    0.3458 
   243  58440W  14  0.75588  0.75695  0.18840   3.1630   2.77622    8.8172 
   244  585055  14  0.29357  0.22158  0.01340   0.7166   0.58801   -0.8814 
   245  587188  14  0.29799  0.32381  0.00460   1.2221   2.12669    4.8196 
   246  587200  14  0.35040  0.31290  0.04151   1.1541   1.46144    2.1894 
   247  589331  14  0.21245  0.16159  0.03708   0.5744   0.79002    0.1392 
   248  589584  14  0.50050  0.44385  0.04430   1.7620   1.94929    4.5275 
   249  590262  14  0.39801  0.49832  0.04214   1.9882   2.82077    8.9617 
   250  590829  14  0.15086  0.11760  0.02423   0.4790   1.63628    4.0594 
   251  590876  14  0.22131  0.16830  0.00712   0.5185   0.38367   -0.7927 
   252  594901  14  0.53654  0.49490  0.04801   1.7980   1.41364    1.8856 
   253  594918  14  0.35496  0.21042  0.10422   0.8168   0.72808    0.0038 
   254  595176  14  0.26144  0.23439  0.01332   0.7227   1.08145    0.2810 
   255  600544  14  0.29556  0.19006  0.00867   0.6409   0.28924   -0.6089 
   256  601073  14  0.30866  0.19315  0.07762   0.7488   0.85179    0.3930 
   257  604540  14  0.19761  0.13867  0.00635   0.5172   0.88382    0.9651 
   258  607494  14  0.43102  0.26850  0.02327   0.8669   0.41540   -1.0958 
   259  607828  14  0.19912  0.16878  0.01367   0.5160   0.79469   -0.7282 
   260  615394  14  0.21169  0.15003  0.00969   0.5034   1.00049    0.2840 
   261  620076  14  0.36570  0.27250  0.02267   1.1734   2.05943    6.0412 
   262  624752  14  0.21838  0.16511  0.04659   0.5951   1.20296    0.6823 
   263  629156  14  0.37410  0.44315  0.06282   1.7333   2.52888    7.1662 
   264  630077  14  1.64291  2.68471  0.41975  10.9188   3.66904   13.6144 
   265  630402  14  0.37639  0.25078  0.00174   0.9636   0.70587    1.0242 
   266  631226  14  0.25844  0.20251  0.01212   0.5611   0.19319   -1.7476 
   267  639027  14  0.52048  0.36124  0.05704   1.3433   0.84186    0.5802 
   268  63934E  14  0.39421  0.32936  0.15792   1.4311   2.69969    8.3372 
   269  639480  14  0.29417  0.20429  0.01514   0.5887  -0.06564   -1.4706 
   270  641208  14  0.51383  0.49112  0.01535   1.7363   1.59298    2.2971 
   271  642876  14  0.21770  0.13955  0.02079   0.5100   0.87916    0.1826 
   272  651824  14  0.72053  0.95883  0.02359   3.7867   2.83406    9.0752 
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Firm    cnum     n     mean      std       min       max       skew       kurt 
 
273   655663   14   0.23711   0.20238   0.03218   0.66788   1.08676     0.2446 
274   656531   14   0.24160   0.17287   0.01623   0.54158   0.14129    -1.4053 
275   666807   14   0.26407   0.23574   0.04088   0.72791   1.14941    -0.2113 
276   670841   14   0.94033   0.82277   0.23875   2.83842   1.85435     2.5935 
277   671040   14   1.74524   1.91658   0.44059   8.21887   3.38894    12.1410 
278   674599   14   0.17427   0.17384   0.00284   0.62448   1.34166     2.2279 
279   675232   14   0.50087   0.52307   0.09210   2.16769   2.77762     8.9282 
280   677864   14   0.17338   0.15139   0.00516   0.50945   1.20138     0.4546 
281   678042   14   0.28364   0.19302   0.00908   0.66194   0.42547    -0.5300 
282   680665   14   0.16659   0.14952   0.00383   0.59277   1.93805     4.6661 
283   683818   14   0.52477   0.48437   0.07918   1.63442   1.32561     0.7871 
284   68389X   14   0.58381   0.57572   0.07089   2.23255   1.98681     4.7125 
285   68554V   14   0.42738   0.29684   0.06743   0.98018   0.55531    -0.6073 
286   685906   14   0.47683   0.43318   0.01058   1.46716   1.20213     0.9675 
287   688350   14   0.39924   0.34827   0.02259   1.05265   0.79171    -0.8059 
288   69073F   14   0.36463   0.28868   0.04598   0.95698   0.83146    -0.2561 
289   693506   14   0.16597   0.09640   0.04430   0.34434   0.17309    -1.1647 
290   69361E   14   0.57169   0.43794   0.14335   1.74147   1.69096     3.1808 
291   693651   14   0.36922   0.19188   0.09237   0.77163   0.62346    -0.1495 
292   693718   14   0.24544   0.14761   0.01343   0.55464   0.62019    -0.1334 
293   693905   14   0.37292   0.26414   0.07078   1.05397   1.28393     2.2617 
294   69912T   14   0.39019   0.28575   0.03752   0.95922   0.67362    -0.4990 
295   701094   14   0.21068   0.17575   0.01357   0.59710   1.01795     0.3763 
296   701630   14   0.48139   0.41421   0.03670   1.37192   1.06421     0.5137 
297   705514   14   0.35484   0.33848   0.00426   1.22842   1.36837     2.2772 
298   707389   14   0.30477   0.25501   0.01439   0.91707   1.10015     1.0133 
299   709631   14   0.25528   0.16548   0.02529   0.65311   0.77359     1.7059 
300   714046   14   0.35365   0.35857   0.03779   1.53657   3.10815    10.7692 
301   717081   14   0.25050   0.19671   0.03198   0.67059   0.96739     0.4240 
302   71713U   14   0.25900   0.18551   0.04489   0.74788   1.63405     2.9326 
303   717265   14   0.17246   0.16294   0.01367   0.50585   0.71016    -0.7656 
304   719219   14   0.38053   0.35532   0.01330   1.17818   0.96644     0.1235 
305   719405   14   0.53428   0.47253   0.10134   1.84188   2.15055     4.4238 
306   723646   14   0.22279   0.16427   0.02200   0.55796   0.94128     0.1553 
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   Firm   cnum    n    mean     std      min      max      skew       kurt 
 
   307  724479  14  0.15832  0.12677  0.00855  0.48190   1.31051    2.2085 
   308  731068  14  0.30145  0.18868  0.05059  0.58162   0.23483   -1.4908 
   309  735647  14  0.36662  0.32322  0.00950  1.07807   1.14671    0.4521 
   310  737407  14  0.70257  0.61166  0.01969  2.36322   1.56399    3.2783 
   311  742578  14  0.62365  0.80282  0.05073  3.21748   2.93077    9.5845 
   312  742718  14  0.13534  0.08666  0.01931  0.26723   0.10468   -1.6780 
   313  744375  14  1.16029  1.46068  0.10921  5.77921   2.75488    8.5297 
   314  747316  14  0.26305  0.16881  0.05998  0.55613   0.58934   -0.8292 
   315  747582  14  1.07859  1.77043  0.05643  6.98648   3.26248   11.3845 
   316  748802  14  0.53230  0.41014  0.04294  1.38145   0.83015    0.1298 
   317  749056  14  0.35712  0.36959  0.00464  1.36477   1.65104    3.4023 
   318  750862  14  0.41790  0.54182  0.01191  2.18086   2.96787    9.9926 
   319  75409P  14  0.72026  0.54435  0.11796  1.89444   1.01032    0.0257 
   320  755103  14  0.29363  0.26448  0.00805  0.74658   0.57238   -1.2141 
   321  755111  14  0.19685  0.15568  0.06167  0.64823   2.14915    5.3197 
   322  756268  14  0.54253  0.42062  0.05200  1.43874   0.66862   -0.2375 
   323  759903  14  0.78193  0.68844  0.12403  2.81527   2.24199    5.7857 
   324  759916  14  0.38241  0.34136  0.05461  1.33072   1.76546    3.8491 
   325  760911  14  0.52117  0.39729  0.01176  1.36202   0.76684    0.1054 
   326  775371  14  0.11663  0.08827  0.01956  0.32171   0.84348    0.5277 
   327  780257  14  0.10180  0.10496  0.00509  0.36659   1.75389    2.6567 
   328  783873  14  0.41517  0.37981  0.03915  1.38172   1.54704    2.1262 
   329  783978  14  1.09489  1.47280  0.13580  5.96842   3.15898   10.9064 
   330  784413  14  0.20324  0.11572  0.02873  0.37694  -0.01092   -1.2596 
   331  784626  14  0.31245  0.28375  0.00837  0.69968   0.35982   -1.7817 
   332  790849  14  0.38192  0.23856  0.00488  0.76976   0.46677   -0.5531 
   333  806857  14  0.18566  0.18393  0.01748  0.66655   1.54129    2.5750 
   334  808655  14  0.40415  0.35766  0.01556  1.08657   0.94456   -0.1717 
   335  808799  14  0.60018  0.53754  0.02473  2.04871   1.61175    3.2354 
   336  815677  14  1.08099  1.18863  0.02676  3.98542   1.88666    2.8114 
   337  816119  14  0.27953  0.20004  0.02289  0.64443   0.50648   -0.1742 
   338  81725T  14  0.23443  0.18371  0.04406  0.61703   0.89363   -0.2976 
   339  817320  14  0.20351  0.15618  0.02234  0.50048   0.88781   -0.3865 
   340  822440  14  0.32052  0.14132  0.03017  0.61989   0.26126    1.4174 
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Firm    cnum    n     mean      std       min       max       skew       kurt 
 
341   822703   14   0.12993   0.10538   0.00052   0.39990   1.38852     2.2491 
342   824348   14   0.18143   0.13132   0.04880   0.48069   1.23024     0.7704 
343   826565   14   0.55013   0.66054   0.04101   2.60149   2.55276     7.7412 
344   827056   14   0.31899   0.22363   0.03122   0.77367   0.76759     0.3024 
345   831865   14   0.32733   0.20173   0.03336   0.65263   0.05653    -1.3257 
346   833034   14   0.17444   0.13215   0.00534   0.42852   0.48510    -0.8038 
347   835699   14   0.46644   0.65642   0.02329   2.67009   3.31136    11.7705 
348   846819   14   1.24634   1.22515   0.16498   5.18333   2.84140     9.3842 
349   847615   14   0.66897   0.76346   0.03237   2.96252   2.32027     6.3831 
350   848565   14   0.83012   1.19518   0.09847   4.81659   3.26594    11.3631 
351   853626   14   0.58620   0.65558   0.04916   2.58939   2.39488     7.0572 
352   853887   14   0.17026   0.16169   0.02531   0.48962   1.24167     0.1682 
353   855668   14   0.16145   0.13669   0.00151   0.43481   0.56718    -0.5196 
354   858586   14   0.20596   0.10267   0.01393   0.42935   0.34662     1.1955 
355   862111   14   0.47187   0.34287   0.04033   1.11290   0.46201    -1.0400 
356   864159   14   0.28770   0.15922   0.00995   0.65750   0.63258     1.1600 
357   866810   14   0.51839   0.53159   0.01684   2.12591   2.29440     6.6947 
358   867363   14   0.24456   0.30297   0.00453   0.99170   1.61807     1.9544 
359   868168   14   0.42236   0.27425   0.10892   0.97958   0.86783     0.2828 
360   868532   14   0.47231   0.42778   0.01630   1.52616   1.24912     1.6291 
361   871508   14   0.38549   0.31497   0.03937   1.09203   1.01283     0.2002 
362   871543   14   0.52568   0.44488   0.06274   1.80400   1.95917     4.8948 
363   871565   14   0.51861   0.42736   0.17851   1.90356   2.95621     9.7752 
364   87162E   14   0.84978   0.83316   0.09854   3.44780   2.52135     7.9621 
365   871873   14   0.69084   0.45928   0.06496   1.53145   0.55022    -0.1957 
366   872649   14   0.11342   0.08693   0.00032   0.31012   0.54995     0.5362 
367   873197   14   0.24942   0.19421   0.02125   0.69818   1.29924     1.3454 
368   877163   14   0.48161   0.37641   0.12943   1.25700   1.24021     0.6563 
369   878409   14   0.52650   0.39848   0.12797   1.66564   1.88216     4.7568 
370   878727   14   0.56269   0.49244   0.06945   1.94918   1.79389     4.2762 
371   879101   14   1.01591   1.03395   0.23961   3.86546   1.93145     3.7067 
372   879131   14   0.25560   0.22903   0.00470   0.83678   1.42989     1.8532 
373   879664   14   0.54374   0.37482   0.20395   1.38583   1.30366     0.5204 
374   880345   14   0.15581   0.16608   0.01404   0.57611   1.48592     1.8714 
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   Firm  cnum    n    mean     std      min      max      skew        kurt 
 
   375  880770  14  0.41873  0.42905  0.04832   1.7732   2.71261    8.4614 
   376  882508  14  0.29715  0.27927  0.01004   0.9615   1.13029    0.8608 
   377  883203  14  0.11987  0.08471  0.00604   0.2814   0.36147   -0.4281 
   378  883375  14  1.08341  1.04361  0.06309   3.6696   1.74171    2.5271 
   379  883556  14  0.30628  0.29754  0.00716   0.9483   1.50563    1.6382 
   380  884315  14  0.18530  0.11887  0.00326   0.3861   0.26725   -1.0738 
   381  884425  14  0.22513  0.10914  0.04655   0.3706  -0.27371   -1.5819 
   382  885535  14  0.46835  0.38071  0.10390   1.1983   1.20527   -0.0412 
   383  887134  14  0.28154  0.19838  0.02480   0.6425   0.55270   -0.9475 
   384  887389  14  0.18119  0.17751  0.00022   0.6851   1.79741    4.5522 
   385  893889  14  0.49165  0.37189  0.08328   1.3760   0.91052    0.7978 
   386  901476  14  0.23548  0.17499  0.02190   0.5359   0.51082   -0.9961 
   387  902104  14  0.68498  0.39004  0.08103   1.2160  -0.26852   -1.4416 
   388  909214  14  0.44722  0.32222  0.06128   0.9963   0.58980   -1.1310 
   389  910671  14  0.26213  0.21117  0.01449   0.6156   0.59835   -1.1692 
   390  913017  14  0.13084  0.08463  0.00490   0.2684   0.03605   -1.1501 
   391  920253  14  0.33162  0.24907  0.03595   0.7547   0.45209   -1.2428 
   392  920355  14  0.13356  0.08291  0.00823   0.2808   0.48999   -0.7662 
   393  92220P  14  0.34809  0.32261  0.07186   1.2627   1.96249    4.4386 
   394  923351  14  0.48068  0.35925  0.00377   1.2447   0.65828    0.0781 
   395  928298  14  0.42083  0.36013  0.08670   1.4142   1.79396    3.7168 
   396  928703  14  0.36296  0.26797  0.00406   0.9826   0.86817    0.9594 
   397  929160  14  0.19242  0.10052  0.00233   0.3779   0.09058   -0.1173 
   398  929297  14  0.92091  1.38320  0.00261   5.5528   3.28576   11.6137 
   399  943315  14  0.29068  0.26113  0.02417   1.0316   1.88990    4.5219 
   400  948585  14  0.79040  0.72751  0.00959   2.9982   2.29737    6.8541 
   401  955306  14  0.15313  0.11873  0.02821   0.4385   1.05516    0.8972 
   402  957547  14  0.31268  0.15144  0.08799   0.5404   0.10842   -1.1303 
   403  958102  14  0.77590  0.50823  0.04645   1.7583   0.43965   -0.2793 
   404  962166  14  0.11804  0.09020  0.02215   0.2877   0.82674   -0.9716 
   405  963801  14  1.56632  2.61144  0.12283  10.4967   3.54089   12.9247 
   406  974637  14  0.29860  0.22342  0.05722   0.6599   0.53496   -1.2816 
   407  979438  14  0.22624  0.22494  0.01891   0.7289   1.24973    0.4905 
   408  983857  14  0.42865  0.36136  0.01572   0.9910   0.33151   -1.4621 
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Firm   cnum     n     mean      std       min       max       skew        kurt 
 
409   984121   14   0.31853   0.26176   0.03001   0.84883   0.71079    -0.4474 
410   984903   14   1.43141   1.92395   0.02981   7.89781   3.32350    11.8482 
411   986001   14   0.49139   0.51220   0.02621   2.11713   2.71841     8.7768 
412   988910   14   0.32341   0.18037   0.02752   0.63689   0.01123    -0.9655 
413   989139   14   0.53142   0.43794   0.15022   1.86781   2.47017     7.0124 
414   989855   14   0.74699   0.91420   0.01092   3.69838   2.88647     9.5948 
415   G36535   14   0.24770   0.15534   0.04735   0.62006   0.88820     1.3330 
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Appendix 4:    
 
The annual standard deviation of profitability and the annual standard deviation of the 
residual series for the 415 firms 
 
 
                        Firm     cnum       v_r     v_prof         
 
                          1    000886    0.45385    0.11999 
                          2    001031    0.57355    0.24760 
                          3    001853    0.63572    0.19961 
                          4    001957    0.27096    0.20580 
                          5    00202J    0.97946    0.60456 
                          6    002824    0.22668    0.06818 
                          7    003654    0.87229    0.11670 
                          8    00508X    0.48039    0.12194 
                          9    00651F    1.00376    0.13087 
                         10    00753P    0.61325    0.13189 
                         11    00757T    0.64053    0.11149 
                         12    007692    0.44546    0.21395 
                         13    007768    1.53148    0.19916 
                         14    008015    0.88660    0.10991 
                         15    009158    0.15360    0.04452 
                         16    012348    0.29808    0.06870 
                         17    013742    0.97680    1.17837 
                         18    013817    0.32175    0.07068 
                         19    01741R    0.30877    0.17901 
                         20    018773    0.68598    4.35844 
                         21    020813    0.38169    0.06812 
                         22    027284    0.97945    0.18124 
                         23    027352    0.42968    0.06990 
                         24    030137    0.67676    0.05454 
                         25    030371    0.44245    0.06186 
                         26    030710    0.33328    0.13350 
                         27    031162    0.79102    0.09506 
                         28    031535    1.05140    0.21172 
                         29    032654    0.54611    0.06695 
                         30    032744    0.96559    0.06232 
                         31    034425    0.43315    0.04579 
                         32    038020    0.49022    0.09532 
                         33    038222    0.57783    0.05786 
                         34    044204    0.21570    0.10906 
                         35    046224    0.89182    0.24739 
                         36    04638F    0.55969    0.08746 
                         37    051503    0.43730    0.12705 
                         38    052769    0.30000    0.07642 
                         39    053015    0.16664    0.01416 
                         40    053611    0.20059    0.07486 
                         41    054303    0.33871    0.72297 
                         42    054546    0.89008    3.53316 
                         43    055622    0.20968    0.06137 
                         44    055961    0.51950    0.33053 
                         45    056525    0.32978    0.03875 
                         46    056543    0.55315    0.19111 
                         47    057224    0.40717    0.06856 
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                         48    057741    0.19357    0.03021 
                         49    058264    0.62721    0.24739 
                         50    058498    0.25427    0.10780 
                         51    058822    0.46001    0.03741 
                         52    059815    0.26652    0.04169 
                         53    067383    0.29282    0.07218 
                         54    068306    0.73048    0.10683 
                         55    071707    0.22138    0.04726 
                         56    071813    0.24249    0.10828 
                         57    075887    0.27062    0.02866 
                         58    081437    0.23234    0.02279 
                         59    090613    0.62124    0.02331 
                         60    09066H    1.02946    0.14943 
                         61    090909    0.71807    0.03700 
                         62    091797    0.27965    0.36901 
                         63    097023    0.33965    0.09033 
                         64    097383    0.17153    0.15854 
                         65    100534    0.36805    0.07368 
                         66    109043    0.28280    0.08715 
                         67    110122    0.20630    0.13464 
                         68    110448    0.30393    1.98298 
                         69    117043    0.25540     0.0948 
                         70    117421    0.23063     0.0993 
                         71    123655    0.37790     0.1473 
                         72    124661    0.45467     0.0868 
                         73    125010    1.54816     0.1127 
                         74    126145    0.32891     0.0236 
                         75    126389    0.24769     0.0511 
                         76    127387    0.59145     0.2272 
                         77    132011    0.41713     0.0623 
                         78    134429    0.24019     1.8094 
                         79    144285    0.21702     0.0494 
                         80    144525    0.66921     1.9420 
                         81    151020    1.01555     3.6682 
                         82    156782    1.01633     0.1581 
                         83    166764    0.13215     0.0728 
                         84    170040    0.39146     0.2965 
                         85    171340    0.25128     0.0574 
                         86    179895    0.15317     0.0305 
                         87    189054    0.18297     0.0654 
                         88    189873    0.73498     0.1374 
                         89    191042    0.38203     0.1365 
                         90    192432    1.28933     0.1433 
                         91    192479    0.46623     0.0647 
                         92    19652U    0.57475     0.3332 
                         93    200332    1.79428     1.1218 
                         94    204925    0.80832     0.0992 
                         95    205862    0.90095     0.0592 
                         96    205912    0.58670     0.3176 
                         97    205920    1.16131     0.2005 
                         98    207410    0.85014     0.0866 
                         99    216648    0.83772    20.2433 
                        100    219350    0.55420     0.3358 
                        101    224399    0.23326     0.0408 
                        102    224901    1.06433     0.2207 
                        103    227116    0.50094    1.52288 
                        104    227478    0.23119    0.07604 
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                        105    231561    0.17896    0.06190 
                        106    23252E    0.69458    0.37892 
                        107    232674    0.44220    4.03527 
                        108    232824    0.75873    7.77629 
                        109    232828    1.65504    4.34795 
                        110    23330X    0.61043    0.17830 
                        111    235811    0.30799    0.11897 
                        112    235851    0.24909    0.04615 
                        113    237690    0.61841    0.30261 
                        114    237909    0.26752    0.27693 
                        115    238108    0.69562    0.15697 
                        116    244199    0.30542    0.10707 
                        117    245091    0.46269    0.09162 
                        118    249030    0.66169    0.05317 
                        119    250685    0.34757    0.15421 
                        120    252450    0.42540    0.02147 
                        121    253651    0.30888    0.03967 
                        122    254546    0.17477    0.04871 
                        123    257651    0.15722    0.02140 
                        124    260003    0.16501    0.04615 
                        125    260543    0.17748    0.10143 
                        126    263534    0.14544    0.09672 
                        127    268157    0.80464    0.08817 
                        128    268255    0.43664    0.17249 
                        129    26873N    0.44263    0.06186 
                        130    276317    0.19821    0.04643 
                        131    278058    0.17020    0.05246 
                        132    278865    0.13689    0.05950 
                        133    281347    0.77399    0.67461 
                        134    285233    0.56643    0.04741 
                        135    291011    0.18246    0.01913 
                        136    292475    2.74033    0.28650 
                        137    296056    0.64473    0.19874 
                        138    300645    0.78277    0.08406 
                        139    30231G    0.05772    0.03965 
                        140    302491    0.17997    0.91767 
                        141    302747    0.35819    0.04482 
                        142    303250    0.54014    0.04713 
                        143    315405    0.32847    0.18633 
                        144    316869    0.60445    0.09876 
                        145    337610    0.41571    0.02987 
                        146    339099    0.31567    0.30975 
                        147    343468    0.36659    0.08121 
                        148    349631    0.18252    0.13326 
                        149    353515    0.64226    0.45233 
                        150    359694    0.35975    0.02646 
                        151    36317Q    0.52044    1.13454 
                        152    368682    0.38554    1.46817 
                        153    369154    0.46230    0.17890 
                        154    369550    0.42105    0.24702 
                        155    369604    0.09595    0.02428 
                        156    370442    0.25290    0.32726 
                        157    373730    0.22460    0.08371 
                        158    375175    0.64929    0.07857 
                        159    375766    0.23728    1.31822 
                        160    376360    0.38145    0.04530 
                        161    382550    0.53810    0.11545 
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                        162    384109    0.20616    1.28191 
                        163    384556    0.69615    0.09958 
                        164    398433    0.74594    0.03456 
                        165    39943Y    0.84821    0.08738 
                        166    401794    0.39906    0.22832 
                        167    404160    0.84702    0.27494 
                        168    406216    0.33977    0.09260 
                        169    412822    0.35950    0.04663 
                        170    413086    0.42759    0.11752 
                        171    413875    0.22645     0.0518 
                        172    415864    0.22220     0.0635 
                        173    418056    0.45035     0.0761 
                        174    423319    0.91854     0.1493 
                        175    426281    1.17272     0.0666 
                        176    427056    0.36236     0.1695 
                        177    427866    0.18593     0.0800 
                        178    428291    0.63839     1.8124 
                        179    433578    0.52162     0.1028 
                        180    438128    0.24957     0.0343 
                        181    438516    0.19325     0.1411 
                        182    445591    0.35770     0.0875 
                        183    447324    0.63721     0.4724 
                        184    448623    0.76844     0.1435 
                        185    44913S    2.42412    44.9219 
                        186    449693    1.07467     1.1795 
                        187    450911    0.18446     0.1206 
                        188    451906    0.68485     1.6041 
                        189    452308    0.13582     0.0206 
                        190    452525    0.71448     0.2639 
                        191    45255W    0.50522     3.4657 
                        192    452704    0.24692     1.0409 
                        193    452907    0.75035     0.3119 
                        194    453038    0.21737     0.0619 
                        195    453258    0.43756     0.2598 
                        196    456905    0.68973     0.0911 
                        197    457647    0.85418     0.1386 
                        198    458118    1.13138     0.3049 
                        199    458140    0.36754     0.0825 
                        200    45816D    0.51075     0.3078 
                        201    458683    0.50396     0.1198 
                        202    458771    0.39210     0.0591 
                        203    459200    0.33900     0.2047 
                        204    460146    0.12316     0.0771 
                        205    460593    0.65561    0.18066 
                        206    461142    1.30163    0.27207 
                        207    461203    0.50804    0.06025 
                        208    461858    0.94864    0.46107 
                        209    462218    0.27778    0.03506 
                        210    464268    0.51252    0.05126 
                        211    465823    1.69437    0.17448 
                        212    466210    0.68511    0.11164 
                        213    478160    0.16898    0.02875 
                        214    478366    0.24930    0.03498 
                        215    482047    0.39132    0.05586 
                        216    482732    0.38206    0.06010 
                        217    487584    1.13310    0.20371 
                        218    487836    0.27382    0.12788 
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                        219    489170    0.32290    0.04982 
                        220    493144    1.09915    0.15593 
                        221    494368    0.16408    0.10475 
                        222    498782    0.17250    0.09176 
                        223    500692    0.59925    0.08282 
                        224    501242    0.60389    0.18132 
                        225    505862    0.31796    0.04884 
                        226    514614    0.48485    0.07599 
                        227    524660    0.28459    0.03118 
                        228    532192    1.05320    0.11336 
                        229    532457    0.29948    0.17669 
                        230    536314    0.23824    0.03044 
                        231    539451    0.58141    0.89692 
                        232    549271    0.19540    0.05214 
                        233    550819    0.43926    0.09561 
                        234    551137    0.42469    0.70080 
                        235    553531    0.43757    0.70814 
                        236    553777    0.39845    0.03657 
                        237    554273    0.54429    0.11684 
                        238    576674    0.31980    0.39912 
                        239    576879    0.27288    0.04924 
                        240    577081    0.40595    0.10677 
                        241    577913    0.62485    2.63702 
                        242    580037    0.44283    0.21154 
                        243    58440W    1.09374    0.30539 
                        244    585055    0.37730    0.04371 
                        245    587188    0.44907    0.11909 
                        246    587200    0.42596    0.12671 
                        247    589331    0.28401    0.07798 
                        248    589584    0.68629    0.16283 
                        249    590262    0.58762    0.05396 
                        250    590829    0.18189    0.04851 
                        251    590876    0.26717    0.02412 
                        252    594901    0.75321    0.10076 
                        253    594918    0.42569    0.03436 
                        254    595176    0.32354    0.05928 
                        255    600544    0.36700    0.22657 
                        256    601073    0.28510    0.16020 
                        257    604540    0.26367    0.02039 
                        258    607494    0.53335    0.03079 
                        259    607828    0.26149    0.03073 
                        260    615394    0.28863    0.10212 
                        261    620076    0.48016    0.16243 
                        262    624752    0.23692    0.05323 
                        263    629156    0.57533    1.11045 
                        264    630077    2.93219    0.10475 
                        265    630402    0.45671    0.03669 
                        266    631226    0.26415    0.18140 
                        267    639027    0.64751    0.03800 
                        268    63934E    0.54798    0.53547 
                        269    639480    0.38394    0.14424 
                        270    641208    0.72462    0.27183 
                        271    642876    0.25320    0.05716 
                        272    651824    1.16405    0.10934 
                        273    655663    0.29036    0.06706 
                        274    656531    0.25325    0.16018 
                        275    666807    0.32301    0.12441 
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                        276    670841    1.30145    0.05495 
                        277    671040    2.56460    0.06397 
                        278    674599    0.20891    0.18372 
                        279    675232    0.78690    0.04921 
                        280    677864    0.21627    0.03209 
                        281    678042    0.28109    0.04437 
                        282    680665    0.22286    0.15738 
                        283    683818    0.80377    0.80106 
                        284    68389X    0.81009    0.21292 
                        285    68554V    0.47226    0.41634 
                        286    685906    0.65691    1.75529 
                        287    688350    0.45755    0.03941 
                        288    69073F    0.55922    0.63482 
                        289    693506    0.15055    0.06162 
                        290    69361E    0.73651    3.34442 
                        291    693651    0.42717    0.05363 
                        292    693718    0.28669    0.06696 
                        293    693905    0.54626    0.08317 
                        294    69912T    0.49585    0.15158 
                        295    701094    0.29048    0.04727 
                        296    701630    0.65648    0.07785 
                        297    705514    0.32812    0.05713 
                        298    707389    0.40673    0.03812 
                        299    709631    0.30389    0.02900 
                        300    714046    0.50631    0.08513 
                        301    717081    0.32093    0.10424 
                        302    71713U    0.32742    0.09329 
                        303    717265    0.22634    0.12699 
                        304    719219    0.48696    0.11121 
                        305    719405    0.75404    0.12504 
                        306    723646    0.27627    0.03567 
                        307    724479    0.23652    0.05567 
                        308    731068    0.31491    0.11060 
                        309    735647    0.54056    5.39759 
                        310    737407    0.99123    0.40254 
                        311    742578    0.95776    0.10850 
                        312    742718    0.16657    0.10835 
                        313    744375    1.95882    1.18032 
                        314    747316    0.17821    0.08680 
                        315    747582    2.06577    0.11577 
                        316    748802    0.69294    2.52502 
                        317    749056    0.54004    0.07572 
                        318    750862    0.67685    0.11727 
                        319    75409P    0.87994    0.57816 
                        320    755103    0.46016    1.04076 
                        321    755111    0.22579    0.04790 
                        322    756268    0.77006    0.08517 
                        323    759903    1.06532    0.24635 
                        324    759916    0.52780    0.67758 
                        325    760911    0.70003    0.39671 
                        326    775371    0.12836    0.08177 
                        327    780257    0.14214    0.06490 
                        328    783873    0.53190    1.04137 
                        329    783978    1.95539    0.41438 
                        330    784413    0.23946    0.20419 
                        331    784626    0.44772    0.11957 
                        332    790849    0.49585    0.06754 
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                        333    806857    0.29435    0.03937 
                        334    808655    0.55114    0.06621 
                        335    808799    0.82811    0.08565 
                        336    815677    1.45272    5.90730 
                        337    816119    0.37275    0.06553 
                        338    81725T    0.32624    0.03371 
                        339    817320    0.25962    0.06611 
                        340    822440    0.35983    1.09324 
                        341    822703    0.15922    0.06073 
                        342    824348    0.19281    0.04788 
                        343    826565    0.91726    0.57111 
                        344    827056    0.38470    3.60304 
                        345    831865    0.41491    0.07450 
                        346    833034    0.18507    0.06747 
                        347    835699    0.81546    0.09696 
                        348    846819    1.88229    0.15714 
                        349    847615    1.11288    0.61724 
                        350    848565    1.40482    0.17091 
                        351    853626    0.83812    0.08114 
                        352    853887    0.30325    0.06585 
                        353    855668    0.18879    0.02077 
                        354    858586    0.19274    0.03946 
                        355    862111    0.61157    0.11958 
                        356    864159    0.28640    0.04654 
                        357    866810    0.70215    0.05649 
                        358    867363    0.40641    0.03415 
                        359    868168    0.48973    0.04409 
                        360    868532    0.64310    0.03822 
                        361    871508    0.50092    0.10219 
                        362    871543    0.62731    0.15110 
                        363    871565    0.68722    0.09042 
                        364    87162E    1.18437    0.80346 
                        365    871873    0.80208    0.07981 
                        366    872649    0.16988    0.10353 
                        367    873197    0.32336    0.12002 
                        368    877163    0.66660    0.04905 
                        369    878409    0.71872    0.40800 
                        370    878727    0.73578    0.13656 
                        371    879101    1.56425    0.46294 
                        372    879131    0.27872    0.15050 
                        373    879664    0.67653    0.11740 
                        374    880345    0.18763    0.03823 
                        375    880770    0.62742    0.11453 
                        376    882508    0.42790    0.13489 
                        377    883203    0.16924    0.03484 
                        378    883375    1.50624    0.18074 
                        379    883556    0.41196    0.03624 
                        380    884315    0.21913    0.13845 
                        381    884425    0.26210    0.03903 
                        382    885535    0.66038    0.21813 
                        383    887134    0.38115    0.09116 
                        384    887389    0.25249    0.06643 
                        385    893889    0.75413    0.47634 
                        386    901476    0.26633    0.05733 
                        387    902104    0.81354    0.04308 
                        388    909214    0.67389    2.01453 
                        389    910671    0.33086    0.08658 
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                        390    913017    0.16099    0.14564 
                        391    920253    0.45308    0.08462 
                        392    920355    0.17914    0.03471 
                        393    92220P    0.33173    0.07348 
                        394    923351    0.61043    0.75973 
                        395    928298    0.55881    0.07982 
                        396    928703    0.48441    0.08248 
                        397    929160    0.21058    0.03999 
                        398    929297    1.65395    0.33120 
                        399    943315    0.40017    0.05777 
                        400    948585    1.10577    0.19182 
                        401    955306    0.22000    0.06932 
                        402    957547    0.35325    0.04151 
                        403    958102    0.99729    3.25036 
                        404    962166    0.18503    0.05988 
                        405    963801    3.04806    0.65868 
                        406    974637    0.54096    0.10360 
                        407    979438    0.27957    0.05443 
                        408    983857    0.53339    0.04863 
                        409    984121    0.55021    0.17364 
                        410    984903    2.46685    1.63782 
                        411    986001    0.78150    0.58714 
                        412    988910    0.37846    0.13107 
                        413    989139    0.82810    0.31594 
                        414    989855    1.15624    0.09862 
                        415    G36535    0.28228    8.23832 
 
 
 


* V_PROF represents the volatility of a firm’s profitability, and v_r  
represents the volatility of a firm’s idiosyncratic return from the  
market model. 
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Appendix 5:  Results for Unit Root Test 
 


        Unit Root Test 
 
                                  Obs    lag order      ADF_t   firm 
 
                            1        7        -6.8148     1 
                            2        0        -6.8500     2 
                            3        6        -2.9739     3 
                            4        4        -8.4022     5 
                            5        7        -6.8864     7 
                            6        5        -3.7226     8 
                            7        0       -11.4000    10 
                            8        4        -5.6027    11 
                            9        1       -12.8850    12 
                           10        1        -3.3003    13 
                           11        4        -7.9410    14 
                           12        0       -23.3400    16 
                           13        6        -5.7560    17 
                           14        1        -2.6300    18 
                           15        4        -4.4801    19 
                           16        7        -2.8752    20 
                           17        0       -25.1000    21 
                           18        6        -9.3533    22 
                           19        4        -4.3020    23 
                           20        1        -5.3040    24 
                           21        4        -7.7551    25 
                           22        1       -10.9650    26 
                           23        3        -5.0478    27 
                           24        0       -13.3700    28 
                           25        4        -3.9891    29 
                           26        0        -3.0900    31 
                           27        7        -2.7952    32 
                           28        0       -21.2200    33 
                           29        6        -2.7632    35 
                           30        0       -11.4300    36 
                           31        0       -11.3800    37 
                           32        0        -3.9700    38 
                           33        0        -3.5300    39 
                           34        6        -3.6300    40 
                           35        4        -4.6524    41 
                           36        0       -22.6300    42 
                           37        6        -4.2511    43 
                           38        7        -6.8376    46 
                           39        0       -13.6900    47 
                           40        0       -11.1100    48 
                            
 
*  This table reports unit-root tests for the conditional idiosyncratic weekly volatility series using ADF_t statistic 
which is based on the regression that contain a constant. The number of lags is determined by the standard t-test of 
significance on the last lagged difference term and is reported in the table.  This table shows the hypothesis of a unit 
root is rejected for 330 firm volatility series at 10% level.   
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     Unit Root Test 
 
                                                                                  


     Obs     lag order       ADF_t    firm 
 
 


                           41        6        -6.0915    49 
                           42        1        -8.7329    51 
                           43        2        -3.2079    53 
                           44        3        -3.9341    54 
                           45        4        -6.5113    56 
                           46        2        -2.6700    57 
                           47        0       -19.3300    58 
                           48        7        -8.6040    59 
                           49        4        -3.4570    60 
                           50        1       -15.2425    61 
                           51        6        -4.8495    62 
                           52        4        -3.8141    64 
                           53        0       -19.5000    65 
                           54        6        -3.4484    66 
                           55        6        -3.6835    67 
                           56        2        -4.6903    68 
                           57        2        -3.8276    69 
                           58        4        -4.7572    70 
                           59        3        -7.2265    71 
                           60        6        -6.3107    72 
                           61        0       -27.6800    74 
                           62        7        -4.0563    75 
                           63        3        -9.1125    76 
                           64        3        -2.8500    78 
                           65        7        -2.6577    79 
                           66        0        -5.8900    80 
                           67        6        -7.6500    81 
                           68        0        -7.9100    82 
                           69        5        -6.2800    83 
                           70        0        -4.8100    84 
                           71        7        -5.2100    85 
                           72        7        -8.1034    86 
                           73        2        -3.7600    87 
                           74        0       -16.7500    88 
                           75        0       -22.1200    89 
                           76        3        -3.7334    90 
                           77        7        -4.1344    91 
                           78        1       -14.1385    92 
                           79        7        -4.6647    93 
                           80        7        -5.4104    96 
                           81        7        -4.1025     97 
                           82        1        -4.3841     98 
                           83        2        -2.7500    100 
                           84        3        -3.3622    101 
                           85        6        -2.9220    102 
                           86        1        -9.9896    103 
                           87        6        -3.5602    104 
                           88        2        -8.2095    105 
                           89        6         7.1669    106 
                           90        2        -5.2500    107 
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         Unit Root Test 
 


                    


    Obs    lag order       ADF_t     firm 
 
                           91        3        -4.3179    108 
                           92        0       -26.3400    109 
                           93        5        -6.0689    111 
                           94        6        -9.0944    112                            
                           95        1        -5.3825    113 
                           96        1        -4.5700    114 
                           97        5        -3.2595    115 
                           98        8        -2.7400    118 
                           99        5        -9.4335    120 
                          100        2        -3.3400    123 
                          101        7        -4.8088    124 
                          102        7        -2.8058    125 
                          103        0       -16.3000    127 
                          104        6        -2.9133    128 
                          105        0        -3.8900    129 
                          106        1       -12.4106    130 
                          107        2        -3.9982    131 
                          108        5        -3.7595    132 
                          109        4        -4.8370    133 
                          110        2        -6.0226    134 
                          111        0       -18.3200    137 
                          112        4        -4.6096    139 
                          113        7        -4.0393    141 
                          114        0       -16.3300    143 
                          115        2        -6.6999    144 
                          116        0        -8.3000    145 
                          117        5        -3.8037    146 
                          118        7        -3.1578    148 
                          119        0        -3.2200    149 
                          120        7        -3.8167    150 
                          121        0       -15.9900    151 
                          122        0        -4.9100    152 
                          123        3        -4.2800    153 
                          124        6        -2.9305    154 
                          125        5       -10.6869    157 
                          126        5        -3.9348    158 
                          127        6        -2.5997    160 
                          128        4        -4.8011    161 
                          129        0       -26.9400    164 
                          130        4        -4.4892    166 
                          131        1       -12.7830    168 
                          132        4        -3.9022    171 
                          133        3        -5.3475    172 
                          134        0       -24.6300    174 
                          135        1       -12.6683    175 
                          136        0        -3.5000    176 
                          137        0       -10.9500    177 
                          138        7        -3.0677    179 
                          139        5        -3.3542    180 
                          140        7        -3.6104    181 
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      Unit root test 
 


                    


    Obs     lag order        ADF_t     firm 
 
 
                          141        0       -10.6100    182 
                          142        0       -12.7200    183 
                          143        5        -4.6329    185 
                          144        3       -11.6489    186 
                          145        7        -6.8261    187     
                          146        7        -4.6359    188 
                          147        0        -8.3400    189 
                          148        4        -3.2403    190 
                          149        2        -9.8140    191 
                          150        0       -23.4800    192 
                          151        1        -4.0800    193 
                          152        0       -11.9600    194 
                          153        3        -3.3800    196 
                          154        7        -8.0335    197 
                          155        5        -2.6557    198 
                          156        6        -5.8242    200 
                          157        4        -6.7677    201 
                          158        0        -6.0000    202 
                          159        3        -4.7433    203 
                          160        4        -4.0471    204 
                          161        7        -6.4493    206 
                          162        3        -3.5100    207 
                          163        6        -3.5084    209 
                          164        0       -25.4600    210 
                          165        0        -9.2200    211 
                          166        5        -9.1129    213 
                          167        0       -22.9500    215 
                          168        0       -19.7500    216 
                          169        5        -3.6215    217 
                          170        7        -5.3754    218 
                          171        6        -7.7260    219 
                          172        6        -2.7324    221 
                          173        7        -3.2390    224 
                          174        7        -7.2968    226 
                          175        0       -24.3400    227 
                          176        3        -4.6400    228 
                          177        2        -4.7100    229 
                          178        0       -23.2600    230 
                          179        5        -9.9887    231 
                          180        0        -6.2000    234 
                          181        6        -8.6268    235 
                          182        1        -4.6364    236 
                          183        3        -8.8887    238 
                          184        2        -3.4031    239 
                          185        3        -2.7746    241 
                          186        6        -9.2559    242 
                          187        6        -9.5794    244 
                          188        4        -5.0571    245 
                          189        6        -4.6804    248 
                          190        5        -4.2883    249 
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                                   Unit Root Test     
       
 


                          Obs    lag order       ADF_t      firm 
 


     
                          191        7        -4.3352    250 
                          192        6        -5.9091    252 
                          193        6        -7.3861    253 
                          194        6        -5.5829    254 
                          195        1        -4.9800    256 
                          196        3        -3.1236    257 


    197        5        -3.8931    258 
    198        3        -8.3227    259 


                          199        4        -3.0297    260 
                          200        0       -15.6400    261 
                          201        1        -5.8924    262 
                          202        0        -5.5500    263 
                          203        1        -4.9388    264 
                          204        5        -2.9053    265 
                          205        0        -6.9300    266 
                          206        0       -11.7100    267 
                          207        4        -6.2460    268 
                          208        5        -3.9495    270 
                          209        1       -10.5719    271 
                          210        7        -5.4175    272 
                          211        3        -4.6776    273 
                          212        3        -5.8811    274 
                          213        5        -2.7722    275 
                          214        6        -3.1847    277 
                          215        4        -6.0071    278 
                          216        7        -3.3656    280 
                          217        7        -4.2300    281 
                          218        5        -4.1672    282 
                          219        5        -4.5656    283 
                          220        7        -4.6235    284 
                          221        5        -3.1897    285 
                          222        7        -8.0604    288 
                          223        0        -6.3300    289 
                          224        7        -3.7211    290 
                          225        0        -3.6700    293 
                          226        7        -5.7413    294 
                          227        1       -11.3535    295 
                          228        2        -8.1812    296 
                          229        7        -7.4099    297 
                          230        7        -6.0961    298 
                          231        0       -14.4100    299 
                          232        3        -8.2228    300 
                          233        0        -7.4100    301 
                          234        6        -4.4363    302 
                          235        7        -7.6697    303 
                          236        6        -3.1120    305 
                          237        7        -3.5500    306 
                          238        6        -2.6782    307 
                          239        6        -6.6221    308 
                          240        0       -20.6200    309                       
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                                  Unit Root Test 
 
 


                          Obs    lag order       ADF_t     firm 
 
 
                          241        5        -2.8066    310 
                          242        0       -27.0300    313 
                          243        6        -8.4191    316 
                          244        7        -4.5467    317 
                          245        2       -13.3926    318 
                          246        2        -6.8221    319 
                          247        5        -3.2420    320 
                          248        3        -4.4983    321 
                          249        7        -3.1790    322 
                          250        2        -3.3200    323 
                          251        3        -6.6937    324 
                          252        0       -11.6900    325 
                          253        6        -3.2766    326 
                          254        2        -7.0774    327 
                          255        4        -4.3644    328 
                          256        4        -3.4655    329 
                          257        7        -6.8991    330 
                          258        5        -2.6649    331 
                          259        4        -3.9167    332 
                          260        0       -22.9800    333 
                          261        0       -26.6900    334 
                          262        0       -17.8400    335 
                          263        7        -5.3361    336 
                          264        3        -8.4592    337 
                          265        4        -3.4962    339 
                          266        0       -21.2200    340 
                          267        0       -11.9900    341 
                          268        7        -5.1654    343 
                          269        5        -4.5107    344 
                          270        7         2.8720    345 
                          271        6        -4.3880    346 
                          272        0       -26.7400    349 
                          273        0        -3.9300    350 
                          274        0       -11.4500    351 
                          275        6        -5.2281    352 
                          276        6        -8.4663    353 
                          277        7        -2.5895    354 
                          278        0        -8.3600    355 
                          279        0       -17.2900    356 
                          280        6        -3.1894    357 
                          281        6        -9.0340    359 
                          282        0       -15.4200    360 
                          283        6        -7.3863    361 
                          284        0       -25.5600    362 
                          285        7        -3.1639    363 
                          286        6        -3.0082    364 
                          287        7        -8.7026    365 
                          288        2        -3.2657    366 
                          289        3        -5.8608    367 
                          290        6        -6.2771    368 
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                          Obs     lag order       ADF_t    firm 
 
                           
                          291        3       -14.5146    369 
                          292        3       -10.7651    370 
                          293        1        -2.8652    371 
                          294        2        -2.9481    372 
                          295        5        -5.2021    373 
                          296        7        -5.2326    374 
                          297        5        -4.3257    377 
                          298        7        -4.9651    378 
                          299        7        -6.3655    379 
                          300        4        -4.4013    380 
                          301        6        -3.7787    381 
                          302        6        -3.9155    382 
                          303        1       -16.1592    383 
                          304        4        -4.8277    384 
                          305        4        -6.1836    386 
                          306        0        -5.6700    387 
                          307        0       -20.6000    388 
                          308        7        -7.6305    389 
                          309        6        -2.7687    390 
                          310        7        -6.0016    391 
                          311        7        -5.1110    392 
                          312        4        -7.9804    393 
                          313        6        -6.7878    394 
                          314        6        -3.1082    396 
                          315        1       -12.4700    397 
                          316        7        -3.4141    400 
                          317        5        -4.6955    401 
                          318        6        -4.9610    402 
                          319        3        -3.5984    403 
                          320        5        -2.9367    405 
                          321        2       -13.0543    406 
                          322        0       -15.8700    407 
                          323        1        -3.5900    409 
                          324        3        -5.0107    410 
                          325        6        -4.1388    411 
                          326        2        -5.9631    413 
                          327        0        -2.7700    415 
                          328        2       -11.6081    416 
                          329        1        -4.5677    417 
                          330        4        -3.1500    419 
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      Unit Root Test 
 
                                  Obs    lag order      ADF_t   firm 
 
 
                            1        6        0.0590      4 
                            2        4       -2.1817      6 
                            3        2       -2.1895      9 
                            4        7       -2.0647     15 
                            5        5       -2.4591     30 
                            6        2       -2.4173     34 
                            7        5       -1.8200     44 
                            8        6       -1.7044     45 
                            9        6       -1.2095     50 
                           10        6       -1.2405     52 
                           11        5       -2.3102     55 
                           12        2       -1.7402     63 
                           13        0       -1.7400     73 
                           14        3       -2.2150     77 
                           15        6       -1.7232     94 
                           16        7       -1.1123     95 
                           17        4       -1.6482     99 
                           18        7       -1.8806    110 
                           19        6       -2.2728    116 
                           20        7       -1.8488    117 
                           21        1       -0.6572    119 
                           22        2       -2.1723    121 
                           23        7       -2.5000    122 
                           24        6       -1.8854    126 
                           25        4       -1.5633    135 
                           26        7       -1.7634    136 
                           27        6       -1.2170    138 
                           28        6       -1.4367    140 
                           29        0       -2.2500    142 
                           30        4        0.0129    147 
                           31        7       -2.3814    155 
                           32        2        1.2147    156 
                           33        4       -1.9836    159 
                           34        1       -2.0800    162 
                           35        7       -1.6306    163 
                           36        0       -1.3100    165 
                           37        7        1.5565    167 
                           38        5        0.8308    169 
                           39        5       -1.7974    170 
                           40        3       -1.8600    173 
                           41        6       -1.4290    178 
                           42        3       -1.6172    184 
                           43        7       -1.8555    195 
                           44        7       -2.3145    199 
                           45        5       -1.7764    205 
                           46        6       -2.4728    208 
                           47        3       -1.9700    212 
                           48        7       -2.1626    214 
                           49        7       -1.8341    220 
                           50        5       -1.7954    222 
 
  


 111







                                   Unit root test 
        
 


                          Obs     lag order      ADF_t    firm 
 
                           51        6       -2.1320    223 
                           52        6       -1.2800    225 
                           53        2       -1.8199    232 
                           54        6       -1.9251    233 
                           55        6       -1.5888    237 
                           56        7       -1.0039    240 
                           57        7       -1.3343    243 
                           58        7       -2.3927    246 
                           59        3       -2.2011    247 
                           60        0       -1.0000    251 
                           61        6       -2.2555    255 
                           62        4       -2.1125    269 
                           63        6       -1.9521    276 
                           64        6       -2.4770    279 
                           65        1       -2.3341    286 
                           66        5       -1.4946    287 
                           67        2       -2.1100    291 
                           68        7       -1.5935    292 
                           69        7        1.5682    304 
                           70        5       -0.0057    311 
                           71        1       -2.2800    312 
                           72        0       -1.5300    314 
                           73        2       -0.5161    315 
                           74        4       -2.2444    338 
                           75        7       -0.4489    342 
                           76        1       -2.0598    347 
                           77        7       -2.2990    348 
                           78        4       -2.1500    358 
                           79        4       -1.9489    375 
                           80        0       -2.4500    376 
                           81        3       -1.3853    385 
                           82        2       -1.8100    395 
                           83        7       -2.2934    398 
                           84        4       -1.5868    399 
                           85        5       -0.9112    404 
                           86        2       -1.8604    408 
                           87        6       -0.3419    412 
                           88        7       -2.5050    414 
                           89        0       -2.4600    418 
                           90        5       -0.3842    420 
 
 
* This table reports unit-root tests for the conditional idiosyncratic weekly volatility series using ADF_t statistic which 
is based on the regression that contain a constant. The number of lags is determined by the standard t-test of 
significance on the last lagged difference term and is reported in the table.  This table shows the hypothesis of a unit 
root failed to be rejected for 90 firm volatility series out of 420 at 10% level.   
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Appendix 6: Granger Causality Test between Volatility and Volume 
 
There are two theoretical explanations for the observed volume-volatility relations of stock. These 
are the sequential arrival of information hypothesis (SAIH) of Copeland (1976) and the mixture of 
distribution hypothesis (MDH) advanced by Clark (1973). The SAIH suggests that information is 
disseminated in a random sequential fashion. This sequential reaction to information implies that 
lagged volume may have an influence power on current volatility and vice versa. On the other 
hand, the MDH posits a joint dependence of returns and trading volume on the rate of information 
flows. Here, we revisit this issue using the measure of return volatility obtained from the 
EGARCH model in Chapter 2 and explore the causal relations between return volatility and 
trading volume  
 
In this test, the data is at annual frequency. The null hypothesis of non-causality from trading 
volume to volatility or vice versa is tested in the following VAR model. The result with first 
differenced data is reported in Table A5. 
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  Table A5 Granger Causality Test 


 
H0: Vol ha     H0: Volh a


 
b̂  -0.02159 a  -0.02358 


1̂b
t     -1.40 


1ât  -1.41 


 
 
where,  is volatility and Vol  is trading volume. We use turnover as a proxy for trading volume 
as used by Anderson (1996) among others. Turnover is defined as the trading volume divided by 
the number of shares outstanding. As you can see from Table 4_5, the causality between volatility 
and volume couldn’t be found in either direction at annual frequency. The estimated coefficients 
are small and insignificant for both directions. This makes sense for annual frequency data.  


th t


 
Granger causality says nothing about the contemporaneous relation between volatility and volume, 
so it does not allow us to determine whether Vol  is an exogenous or endogenous variable in an 
equation relating h


t


t  to . So we also test the MDH and examine the contemporaneous 
correlations between volatility and volume in the section 4.3B. 


tVol
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