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CHAPTER I 

INTRODUCTION 

In this dissertation, market efficiency means that stock prices fully reflect available 

information. In this sense, in order to claim that the stock market is efficient, we must 

know the true available information and the correct equilibrium price (return) model used 

in setting the stock price. This is in fact a very strong requirement which makes it virtually 

impossible to test for market efficiency, for in the real world we do not know the true 

available information and the true equilibrium price model. Therefore, all we can do in 

testing for market efficiency is to investigate whether or not for a given proposed 

equilibrium price model, the behavior of the observed stock price complies with the 

observed market information. 

Market efficiency has been one of the most important research topics in finance for 

the past several decades. Early empirical research seems to support the efficient markets 

hypothesis to a large extent. However, since the late 1970s, the assertion that the stock 

market is efficient has come under serious attack. No unanimous conclusion on market 

efficiency has been reached so far. The primary goal of this research is not to resolve the 

dispute over market efficiency but to develop a test to examine market efficiency from a 

new perspective. 

In his first review on efficient markets, Fama (1970) concludes that although there 

is consistent evidence of positive dependence in short-term stock price changes or returns 

as found in significant serial correlation, it is consistently close to zero. That is, there are 

no more profits to be earned in excess of transactions costs from trading based on this 

short-term dependence than profits earned from a buy-and-hold strategy. For short-term 

price changes or returns covering periods longer than a single day, the evidence of linear 

dependence is even more difficult to find. This says that there is no way to predict short-

term future returns using the current and past short-term returns in a linear fashion. This 

evidence reported by Fama (1970) is consistent with market efficiency when the 

(logarithm of the) stock price follows a martingale process, when the (logarithm of the) 

1 



stock price follows a random walk process, and when expected returns are constant over 

time. The linkage between serially uncorrected short-term stock returns and these 

equilibrium models is, however, weak. 

In research on this issue, Summers (1986) has proposed an alternative hypothesis 

(as opposed to the random walk null hypothesis) that the (logarithm of the) stock price 

has two components: (1) a random walk (permanent) component and (2) a stationary 

(temporary) component. Under this alternative hypothesis, Summers points out that 

existing statistical techniques have little power to detect the existence of any stationary 

component in stock prices by looking only at the serial correlation in short-term returns. 

However, as pointed by Fama and French (1988b), it turns out that it is easier to detect 

the existence of the stationary component when one investigates the behavior of long-term 

stock returns. The idea behind this argument is that if there is a stationary component in 

stock prices, regardless of its origin, it will take some time for any stationary shock to die 

out. Distant stock prices will not be affected by this specific stationary shock. Therefore, 

the effect of the stationary shock on stock prices tends to be captured by the long-term 

behavior of stock prices. In this sense, it can be said that stock prices tend to revert to 

"normal" (permanent) levels in the long run. To be more specific, suppose that there is a 

positive stationary shock to the current stock price. One would expect that the current 

stock price would rise above what it should be in the absence of such a stationary shock; 

hence, the current stock return would be larger than the grand mean of the stock's returns 

(i.e., the constant drift term of the random walk component). Since the stationary shock is 

expected to fade away in the long run, distant stock prices will decline to their normal 

levels, which are determined solely by the permanent component. It follows that the 

future stock return will fall below what it should be (i.e., the grand mean or the constant 

drift term of the random walk component) as if there were no such a stationary shock. 

This will induce negative autocorrelation in long-term stock returns. Consequently, the 

serial correlation of long-term (ex post) stock returns might provide a better indication of 

whether or not there is a stationary component in stock prices. From the preceding 

discussion, the existence of the stationary component in stock prices implies that stock 



returns will revert to the grand mean in the long run when they swing somewhat far away 

from this grand mean. In this sense, the term "mean reversion" is used to describe the 

existence of the stationary component in stock prices. Note that it is not stock prices but 

stock returns that in fact revert to their grand mean. Therefore, "mean reverting stock 

returns" is in fact a better phrase to describe the existence of the stationary component in 

stock prices than "mean reverting stock prices." Unlike previous research, which typically 

uses "mean reversion in stock prices," this dissertation adopts "mean reversion in stock 

returns" to indicate the existence of a stationary price component in stock prices. 

Fama and French (1988a, b), Poterba and Summers (1988), and Bekaert and 

Hodrick (1992) report that there is significantly negative serial correlation of long-term 

stock returns, which is evidence indicating the existence of a stationary component in 

stock prices. Note that "significantly negative autocorrelation" in long-term stock returns 

is only a statistical consequence. In the absence of an equilibrium model for expected 

stock returns, mean reversion in stock returns itself says nothing about market efficiency. 

Nevertheless, there are several interesting implications of mean reverting stock returns for 

market efficiency. To see these, suppose that (ex post) stock returns can be decomposed 

into two parts: (1) (conditional) expected returns and (2) unexpected returns. In this 

case, if we have an expected return generating model such that it can fully explain the 

mean reversion phenomenon in such a way that unexpected returns are serially 

4incoxrelated, then mean reverting stock returns are consistent with market efficiency. 

That is, mean reverting stock returns are caused by time-varying expected returns which in 

fact follow a mean reverting process. Fama and French (1988a, b) suggest that the 

stationary component in stock prices is caused by time-varying expected returns and hence 

is not inconsistent with market efficiency. On the other hand, if the assumed expected 

return generating model cannot fully account for the mean reversion phenomenon in stock 

returns, then this is evidence inconsistent with market efficiency. One extreme case is that 

expected returns are constant over time. Assuming the constant expected return model, 

Summers (1986), and Poterba and Summers (1988) conclude that the stationary 

component in stock prices results from a long swing of stock prices away from 



fundamental values. In this sense, the stationary component in stock prices is due to 

market inefficiency. 

There has been a great deal of evidence of the predictability of stock returns. An 

important question is "What causes the predictability of stock returns?" Since the 

predictability of stock returns is not consistent with the constant expected return model, 

proponents of the constant expected return model must explain why and how market 

inefficiency could cause the predictability of stock returns. However, no satisfactory 

explanation and evidence has been offered so far. Furthermore, most researchers who find 

evidence of predictable stock returns suggest that expected returns are time-varying, for 

example, Keim and Stambaugh (1986), Campbell (1987), French, Schwert, Stambaugh 

(1987), Fama and French (1988a, b), Fama (1990), and Balvers, Cosimano, and 

McDonaM (1990). Therefore, the predictability of stock returns can be taken as evidence 

of time-varying expected returns. 

Now given the evidence of mean reversion in stock returns and of time-varying 

expected returns, another important question is "Can time-varying expected returns fully 

account for mean reversion in stock returns?" If the answer is positive, it follows that 

mean reversion in stock returns is consistent with market efficiency. If the answer is 

negative and the assumed time-varying expected return model is the correct one, it follows 

that part of the mean reversion in stock returns might be caused by market inefficiency. 

Putting it another way, it is possible that the stationary component in stock prices is due 

both to time-varying expected returns and to pure speculative activities in the market. In 

this sense, the stationary component in stock prices consists of two parts: (1) fundamental 

stationary component and (2) speculative stationary component. 

However, as just mentioned, the speculative stationary component, if any exists, is 

difficult to identify by investigating only the autocorrelation in short-term realizations. 

This dissertation will develop a test to overcome this difficulty in exaniining whether mean 

reversion in stock returns is caused both by time-varying expected returns and by market 

' ̂ inefficiency. First, short-term time-varying expected returns will be purged from short-

term (ex post) stock returns. If there is a speculative component in stock prices, it will be 



captured by residual returns. These residualjeturns are then examined as to whether there 

is significant negative autocorrelation at short and long horizons. This is the primary 

difference of this research from previous research which looks only at the short-term serial 

correlation of residual returns after adjusting for time-varying expected returns. To be 

more specific, the test proposed in this dissertation is motivated by the empirical evidence 

of the stationary component in stock prices and of time-varying expected returns, and the 

observation that it is difficult to discover the stationary component in a time series by 

looking only at the serial correlation of short-term realizations. 

Although it is virtually impossible to know the true equilibrium return generating 

model in the first place, this dissertation will employ the three-factor model proposed by 

Fama and French (1993,1995,1996a) and the Capital Asset Pricing Model to extract 

expected returns from ex post returns. On the one hand, if the serial correlation of the 

residual term at any horizon is not significantly different from zero, then the time-varying 

expected return model seems to do a reasonably good job in explaining the mean reversion 

phenomenon in stock returns. This is evidence supporting that mean reversion in stock 

returns is consistent with market efficiency. On the other hand, if the residual term is 

significantly serially correlated (especially, negative autocorrelation of high orders) and if 

j^nejnsisjsonjhe correctness ofthe proposed time-varying expected returnjnodel, then 

the speculative stationary component in stockprices really exists. In this case, the residual 

term follows a mean reverting process (with respect to its zero mean). That is, the 

residual term, which has a zero mean, tends to revert to its mean when it swings far away 

from the mean. Putting it another way, stock returns will come back to conditional time-

varying expected returns when they have been far away from these conditional means. 

This phenomenon is thus termed "conditional mean reversion in stock returns." 

The remaining chapters of this dissertation are organized as follows. Chapter II 

examines the theory of efficient markets and reviews several aspects of the empirical 

research on efficient markets. Section 2.1 explores the relationship between a rational 

^expectations equilibrium and market efficiency. As a sequel to the discussion in section 

2.1, section 2.2 discusses both theoretical and empirical issues on market efficiency. 



Section 2.3 reviews some important models for the next-period expected stock price. 

Section 2.4 presents a simple review on the empirical results of market efficiency which 

are relevant to the topic of this dissertation. 

Chapter IH proposes a test for conditional mean reversion in stock returns. 

Section 3.1 proposes the time-varying expected return hypotheses to examine whether 

time-varying expected returns can fully explain the mean reversion phenomenon in stock 

returns. Section 3.2 describes two models for estimating time-varying expected returns. 

Section 3.2 discusses the data and empirical issues involved in the test. Chapter IV 

reports the empirical results. Section 4.1 presents some important summary statistics for 

portfolios examined in this dissertation. Section 4.2 discusses the empirical results for the 

autocorrelation in stock returns, expected returns, and residual returns. Finally, Chapter V 

is for summary remarks and conclusions. 



CHAPTER n 

MARKET EFFICIENCY: A REVIEW OF THEORETICAL 

MODELS AND EMPIRICAL RESULTS 

Market efficiency has been one of the most explored areas in financial research. 

Because there has been so much theoretical and empirical research on the issue of market 

efficiency, it seems difficult, if not impossible, to give it a thorough review. Hence, this 

chapter concentrates on issues which are relevant and important to this dissertation. The 

structure of this chapter is as follows: Section 2.1 discusses the rational expectations 

equilibrium model, and the relationship between the rational expectations equilibrium and 

market efficiency. Using the rational expectations equilibrium model as a theoretical 

foundation, section 2.2 examines market efficiency from both theoretical and empirical 

perspectives, and points out the difficulty of bridging the gap between these two 

perspectives. Therefore, an empirical model for market efficiency is proposed. Section 

2.3 reviews some important models for stock prices, which are related to the topic of this 

dissertation, with emphasis on the relationship between these models and market 

efficiency. Section 2.4 reviews the empirical results of research on market efficiency 

which are relevant to the topic of this dissertation. 

2.1 Rational Expectations Equilibrium as a Theoretical 
Foundation for Market Efficiency 

This section starts with a review of the traditional Walrasian competitive 

equilibrium model under a world of certainty. Uncertainty is then added into the 

Walrasian competitive model. It will be seen, however, that these two models cannot deal 

with a situation in which agents have diverse information. This is where the rational 

expectations equilibrium model enters the scenario. In particular, the rational expectations 

equilibrium model offers a theoretical foundation for market efficiency. Moreover, in 

practice, a rational expectations equilibrium and market efficiency usually refer to the same 

phenomenon that prices fully reflect available information. 



2.1.1 A Review of the Rational Expectations Equilibrium Model 

A traditional (Walrasian) competitive equilibrium is a price mapping such that: 

(1) consumers maximize their utility subject to their own budget constraints, 

(2) producers maximize their profits subject to their own feasible technology 

sets, and 

(3) demand equals supply in every market.1 

This is a certain world, so no information set is explicitly specified in the model. Though 

consumers look only at their own preferences and producers look only at their own profit 

functions, a market equilibrium is reached. Moreover, the first theorem of welfare 

economics suggests that this competitive equilibrium be pareto efficient. 

However, under an uncertain world, all next-period activities will be affected by 

random events realized at that time. Putting it another way, the next-period consumers' 

consumption and producers' production, and hence the next-period market price will be a 

function of the next-period state of nature (environmental events). Since at the current 

time, agents may have some information on the next-period state of nature, they will make 

their decisions conditional on their own information. That is, consumers choose their 

optimal consumption using their own available iriformation and producers choose their 

best production plans using their own available information. Suppose that we have the 

following economy: 

- There are N + M agents: N consumers and M producers. 

- There are K goods (commodities, and physical and financial assets). 

- There are only two time points: Time t and Time t +1 . 

11 may state that demand does not exceed supply in every goods market. That is, 
excess supply in every market could be zero or positive. However, for purposes of this 
dissertation I will always assume that in equilibrium, demand equals supply in every 
market. See Takayama (1985, p. 174) and Varian (1992, p. 315). 
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- At time t, each agent knows the time t +1 common distribution of the state of 

nature (environmentalevents), S= {sx,s2,...,Sj} where islts2,...tSj} is the set 

of all possible outcomes for S ; note that the symbol"~" stands for a random 

variable.2 

- At time t, agent i has his/her own nonprice information, / ' , on the next-period 

state of nature. 

- / = [ / , / , . . . , / + ] is the vector of nonprice information owned by all agents. 

- At time t, agents know the time t +1 joint distribution of [S,/}. 

Under uncertainty, a Walrasian competitive equilibrium is a mapping P that satisfies the 

following conditions:3 

(1) consumer / chooses C' =(C,',C/+i) to maximize 

£[i/'(c;,c/+1,5)|/'] ^ IC/'(C;,C;+1,J,.) *(5;.|n 

M 

subject to C 'P '< < ? ' P ' + £ r i * m ; 

(2) producer m chooses input X " to maximize 

Rm=E[yt:,pl+i - xrr, i= iyZAxr,sj)Pt+ljg(Sj\r) -x;pt 

subject to feasible production technology sets; 

(3) in every market: 
N N M 

£cl
l(P(/ui) = 2 jrc,'(p (/),/') = tde

i
t-

yZxr(P(i)tn, 

2 In this section, when I deal with the rational expectations equilibrium model, I 
will add "~" to each time t +1 variable. In fact, I need not do so, since the model is valid 
at any time point t. However, I want to emphasize the fact that even at the rational 
expectations equilibrium, there are still random variables. 

3 The treatment here follows mostly from Grossman (1981). 
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where 

£[• |Qf J is the conditional expectations on • given the information 

structure Qf; 

Ul is the utility function for consumer i, i = \,2,---,N; 

C\ = [C\x,Ctl,-",CtK ] is the vector of time t consumption chosen by 

agent/ ; 

C'+i = [C^! x, C/+12, • • -, C/+1 ̂  J is the vector of time f + 1 consumption 

chosen by agent i at time t; 

C\+1 j is the vector of agent Vs time t +1 consumption if the outcome 

of the state of nature is Sj; 

/ ' ) is the conditional probability of S = sy given / = / ' ; 

I 
1=1 

RM is producer m's expected profit; 

A",*" is the vector of time t input chosen by producer m; 
y"t is the vector of producer nis time f +1 production; 

y "j (.Y*, 5;) is the time r +1 production if the outcome of the state of 

nature is Sj and if the time t input is X "; 

P=[J\ ,P l + , ] = [/,
M,/,,.2,....^jr.^+u.^+i12.....?»+1jr] is the vector of 

time r and time t +1 equilibrium prices; P ' is the 

transpose of f*; 

Pt+J j is the vector of time t +1 price if the outcome of the state of 

nature is Sj; 

ym is the proportion of firm m owned by agent i and ^YL = 1; 
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e - [et >?t+i ] - Wt,\ » ( 2 v •»e\,K»̂ f+i.i»̂ +1,2• • •»?'+ifif 1 is the vector of 

agent /'s endowment at time t and at time t +1. 

If every agent has homogeneous information; that is, Il=I2=--=IN+M, then this market 

equilibrium will result in an efficient allocation.4 However, if agents have diverse 

information, this resulting market equilibrium does not produce an efficient allocation.5 

Agents then have an incentive to recontract, so it is not a market-clearing price. 

Specifically, it is in fact not an equilibrium in the first place. That is, the Walrasian 

equilibrium model does not adopt the situation in which agents have diverse information. 

This results from the fact that under the traditional competitive equilibrium, the market 

price does not serve as a medium to transfer information among agents. This is where the 

rational expectations equilibrium model6 comes into the scenario and plays an important 

role for market equilibrium. A rational expectations equilibrium refers to a model of 

market equilibrium that accounts for the informational feedback from the market price. 

That is, a rational expectations equilibrium is a price mapping P such that:7 

4 The explanation of how this competitive equilibrium model works resembles that 
of how a rational expectations equilibrium model works. The only difference is that under 
the rational expectations equilibrium, agent i makes decisions conditional both on his/her 
own nonprice information and on the market price, while under the competitive 
equilibrium, an agent makes decisions conditional only on his/her own nonprice 
information. To avoid redundancy, the explanation will not be offered until the 
introduction of the rational expectations equilibrium model. 

5 For a proof, see Grossman (1981, p. 549). 

6 The study of rational expectations is a challenging and complicated task. In this 
dissertation, there is no intention of providing a detailed review of the literature of rational 
expectations. Instead, the goals are to link rational expectations with market efficiency 
and especially to use the rational expectations equilibrium as a theoretical foundation for 
market efficiency. Shiller (1978) surveys the literature on the rational expectations 
equilibrium in macroeconomic models. Jordan and Radner (1982) provide an overview of 
the rational expectations equilibrium in microeconomic models. Radner (1982) 
summarizes various theories of equilibria under uncertainty. 

The definition and treatment here follows mostly from Grossman (1981, p. 549). 
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(1) consumer i chooses C' = [C',(P(I),r),C'M(P(I),l')) to maximize 

E[u'<.C:,C,
l.l,S)\P(I)J']=i,(f(C:,C'MJ,sj)g(si\p(I),r) (2.1) 

M 

subject to ClP' < elP' + X / i / T ; 
m=l 

(2) producer m chooses input X?(P(I),In) to maximize 

Rm = E[yt
m

+1P;+1-X?Pt\p(I),r] 

iy?+1(Xr,Sj)P;+1Jg(Sj\P(I\r) - Xt
mPt (2.2) 

subject to feasible production technology sets; 

(3) in every market: 
N N M 

J,Ci
t(P(I)Ji) = J,ei

t-JdXr(P(I),Im), (2.3) 
«=1 i = l m=l 

N N M 

Sc/+1(i'(/),/i)=Xd+Xy,:1(j>(/),/m). (2.4) 
i = l i = l m=l 

All the notations follow exactly from those in the previous competitive equilibrium model 

under uncertainty. Each agent will choose the optimal economic action using both his/her 

own nonprice information and the market price P(I). Since it is assumed that agents 

agree on a common distribution of the next-period state of nature and that (S, I) has a 

well-defined joint distribution, the conditional distribution of S given / = (P (/),/') can 

then be defined. In this sense, agents know the conditional probability function 

g(S = Sj\T = (P(/),/')). Consumer i will choose Cl = (C\ ,C/+i) conditional both on 

individual own nonprice information /' and on the information revealed by the market 

price P(I) to maximize expected utility, which is a function of the current and next-

period consumption and the state of nature. Note that C/+7, which is a function both of 

P(I) and of / ' , is a vector of random variables whose joint distribution hinges on the 

conditional distribution of S given / =(/*(/) , / ') . Though one may argue in the same 
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way that C\ is a function of (S,P(I),Il) so that it could be a random variable, C\ is in 

fact a vector of fixed real numbers observed at time t. On the other hand, each producer 

will choose input X"(P(I),In) conditional both on his/her own nonprice information 

and on the information revealed by the market price to maximize expected profits. That 

is, producer m will form a conditional distribution of S given 7 = (P(I), Im). 

Therefore, y"j, which is a function both of X? (P(I),Im) and of S, is a vector of 

random variables whose joint distribution hinges on the conditional distribution of 5 

given / =(P(I),Im). When demand equals supply in every goods market, a rational 

expectations equilibrium is reached. In equilibrium, each possible outcome of S , say Sj, 

conditional on / = (P (/) , / ') will correspond to a possible outcome of Pt+1, say Pt+IJ. 

In this sense, Pt+1 is a vector of random variables whose joint distribution is determined 

by the conditional probability function g(s}]P (I),I1). A similar argument could be 

applied to Pt, but Pt is in fact a vector of fixed real numbers observed at time t. 

Moreover, it is important to note that equations (2.1) and (2.2) hold for every outcome of 

the state of nature. In other words, equations (2.1) and (2.2) are a distributional statement 

rather than a point statement. Equation (2.3) says that at time t, supply equals demand in 

every market; equation (2.4) says that at time / +1 , demand equals supply for each state 

of nature in every market Therefore, equation (2.3) is a point statement, while equation 

(2.4) is a distributional statement. 

8 The existence of a rational expectations equilibrium is an important but 
complicated issue. If market prices have a smaller dimension than the information 
available in the market, then the existence of a rational expectations equilibrium is not 
guaranteed. Putting it another way, the complete market assumption is essential to the 
existence of a rational expectations equilibrium. This dissertation will not review the 
existence of a rational expectations equilibrium. See Shillers (1978), Grossman (1981), 
Radner (1982), among others. 
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Under the rational expectations equilibrium, the market price aggregates all agents' 

diverse information9 in such a way that the resulting market equilibrium is an efficient 

allocation which is identical to that resulting from the situation in which all agents have 

homogeneous information.1 The term "rational expectations" means that the expectations 

mechanism, which determines the market price, correctly utilizes all information and hence 

is rational. For agents to be rational, their individual conditional distribution of the state 

of nature, given both their individual nonprice information and the market price, must be 

consistent with the market price function.11 That is, in every agent's mind, there is a 

common detenninistic function of the market price /*( / ) . Moreover, the market price 

serves as a medium to transfer information among agents. On the other hand, under the 

Walrasian competitive equilibrium, agents choose their optimal economic actions based 

only on their private nonprice information and the market price plays no role in conveying 

information among agents. Therefore, it can be seen that the main difference between a 

Walrasian competitive equilibrium and a rational expectations equilibrium is that under a 

rational expectations equilibrium, prices at which markets clear are an important piece of 

information for agents, while this is not the case under a competitive equilibrium. 

Since a rational expectations equilibrium asserts that agents know the price 

function, agents can invert the price function to obtain the current information determining 

9 Though a rational expectations equilibrium gives us a market equilibrium price 
when agents have diverse information, it does not spell out how the market equilibrium 
price is reached. One popular process to explain how the equilibrium price is obtained is 
called tatonnement. In the tatonnement process, in which all agents gather in one place, 
the market manager (or auction manager) is responsible for the market activity and will 
adjust the quoted market price according to some behavior rule. No transaction takes 
place until the equilibrium price is called. For details on tatonnement process, see 
Takayama (1985, p. 339). 

10 For a proof, see Grossman (1981). 

11 A rational expectations equilibrium has been also referred to as a situation in 
which agents correctly predict the probability distribution of future prices (see Shillers 
(1978), and Jordan and Radner (1982)). 
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the current price. Consequently, agent / will find his/her own nonprice information V 

redundant in the sense that / ' is included in P(I). Each agent will thus have an identical 

information set; that is, {/»(/)} = {#>(/), ll} = {P(I), I2} =...= {/>(/), lN+M), 

Moreover, the rational expectations equilibrium model assumes that agents agree both on 

a common distribution of die state of nature S and on a common joint distribution of 

(S,I), where / is any information set. It follows that agents will agree on a common 

subjective conditional function g(S;\P(/),/'), which will tetermine the common 

distribution of the time t +1 price, / (Pt+X). This distribution of Pt+1, coupled with some 

model which links Pt with Pt+l, will determine the time t equilibrium price Pt .
13 

2.1.2 Rational Expectations. Market Equilibrium, 
and Market Efficiency 

I now try to link the rational expectations equilibrium with market efficiency and 

investigate the relationship between the two. Fama (1976, p. 133) suggests a definition of 

market efficiency that "prices fully reflect available information." Since under a rational 

expectations equilibrium, prices aggregate and convey diverse iriformation among agents, 

it is evident that a rational expectations equilibrium implies market efficiency. More 

specifically, the rational expectations equilibrium model offers a theoretical foundation for 

the existence of market efficiency. On the other hand, from the preceding discussion, it 

can be seen that under a competitive (Walrasian) equilibrium, each agent makes optimal 

decisions conditional only on his/her own nonprice information and prices are not input for 

12 Note that the assumption that agents know the price function is not so 
unrealistic as it appears to be, since it might be possible for a sophisticated agent to 
recover the price generating process to a large extent from past observations. 

13 Since P = [Pt,Pt+l] is endogenously determined by the rational expectations 

equilibrium model, the model linking Pt with Pt+1 will also be endogenously determined 
by the rational expectations equilibrium model. See, for example, Muth (1961), and 
Balvers, Cosimano, and McDonald (1990). 
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an agent's decision making. In this case, even when prices fully reflect available 

information, the market is still not in equilibrium. Putting it another way, there might be 

some model under which prices fully reflect available information, but the market is not in 

equilibrium. Therefore, I hesitate to conclude that market efficiency implies market 

equilibrium. However, when the market is not in equilibrium, the prevailing price is not a 

market clearing price. If so, how can one expect the market price to fully reflect all the 

available iriformation? Therefore, it is meaningless to talk about market efficiency when 

the market is not in equilibrium. This might be why it is usually seen that the concept of 

market efficiency is closely linked with market equilibrium. As just mentioned, since it 

might be possible that there is another equilibrium model which adopts market efficiency, 

market efficiency does not necessarily imply a rational expectations equilibrium. 

However, I do not know whether there is any general equilibrium model which 

incorporates the situation in which prices fully reflect available diverse information and 

which is different from the rational expectations equilibrium model. This might explain 

why, as previously mentioned, researchers often regard a rational expectations equilibrium 

as a situation in which agents correctly predict the probability distribution of future price; 

that is, current prices aggregate all the information and agents know how to use this 

information to predict the distribution of the next-period price. 

In summary, market efficiency is defined as a market where prices fully reflect 

available information. A market almost always consists of different agents with diverse 

information. Therefore, we need a model which can accommodate this situation when we 

want to claim that we have market equilibrium prices for all assets. Fortunately, we have 

seen that the rational expectations equilibrium model can do the job for us. Moreover, the 

rational expectations equilibrium model lays out a theoretical foundation for market 

efficiency. It was argued that practically a rational expectations equilibrium can be 

equivalently taken as market efficiency. 
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2.2 Market Efficiency: Theoretical and Empirical Issues 

The previous section explored the relationship between the rational expectations 

equilibrium and market efficiency. This section investigates market efficiency from both 

theoretical and empirical perspectives. It seems difficult, if not impossible, to bridge the 

gap between the theory of market efficiency and empirical testing for market efficiency. 

As a result, an empirical model for market efficiency is proposed. In particular, it is a 

model linking the current price with the first moment of the next-period stock price. In 

this empirical model, stock prices are decomposed into two parts: one is called expected 

stock prices and the other is called unexpected stock prices. Under the efficient markets 

hypothesis, there is no way to predict the first moment of the next-period unexpected 

stock price different from being zero given the current available information. This is in 

fact the most important implication of market efficiency for the empirical model and is the 

focus of the empirical testing for the efficient markets hypotheses. Therefore, some of the 

important statistical properties of the unexpected stock price are examined in detail. 

2.2.1 Difficulties in Testing for Market Efficiency 

I first examine the rational expectations equilibrium model more carefully from the 

perspective of market efficiency. I will follow the notations of section 2.1. If / * is the 

true iriformation set available in the economy at time t, then the true conditional 

probability function of the state of nature given /* is g*(sJ\l*) which results in the true 

price distribution / *(Ff+1). A rational expectations equilibrium requires that agents' 

subjective conditional probability function g(Sj\P(I),Il) = g(Sj \l), which results in 

f(PM) ,14 be the same as g'(Sj\l'). It follows that /(P,+1) is identical to f'(Pt+x).
15 

14 In fact, I should have expressed /(^r+1) and /'(P,+1) as /(P,+1 |/) and 

f*(Pt+l | 0 , respectively. Since there should be no ambiguity, to keep notations simple, I 

will continue using only / (Pt+l) and / * (F,+1). 
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Putting it another way, if g(sj^(I)Ji) is equal to g'(Sj\l'), then prices fully reflect 

available information. One way to assure that g(S;\p(/),/') is identical to g'(s \l'), is 

to assume that the set of all the information owned by agents is the same as the true 

information available in the economy and that agents know how to utilize correctly the 

information to form the conditional probability function. Although a rational expectations 

equilibrium model makes these seemingly unrealistic assumptions, the validity of this 

model should depend on its ability to explain real world phenomena and on how well the 

empirical results fit the model. However, since one in fact does not know # ( J . | P (/),/''), 

g*(Sj\l*), f(Pl+l),and f'(Pl+x), there is no way to see whether g(sj\P(I),Ii) is 

identical to g*(Sj\l') and whether f(Pt+l) coincides with /*(P,+1). In particular, there 

is no way to see whether the true information set is used in setting the market price and 

whether the market correctly uses the available information. However, since one can 

observe the information available at the current time t and the prevailing price at time t, 

this is where empirical tests for market efficiency enter the scenario. That is, empirical 

tests for market efficiency investigate whether the behavior of the observed market price 

complies with the iriformation available in the market. In this sense, empirical tests for 

market efficiency are in fact meant to test for a subset of the statement that prices fully 

reflect available information. 

However, there are still obstacles in testing for market efficiency even when we 

look only at the compliance of the observed market price with the current observed 

15 This might explain equation (2), which is implied by market efficiency, in Fama 
(1976, p. 136): 

where fm(*\<t>Zi) is the market price joint probability function conditional on ^ which is 

the information used in the market, and / (•|0t_1) is the true price joint probability 
function conditional on the true information 0 M . 
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information in the market. As mentioned in section 2.1, the unobservable Pl+X and the 

unknown model which links Pt with P(+I will determine the observable current 

equilibrium price Pt. Therefore, Pt is a function both of / (Pt+l) and of the model 

linking Pt with Pt+1. However, this direction of reasoning offers no help in testing for 

market efficiency. Although the inverse of the argument might be helpful, it is still 

impossible to infer Pt+1 and the model from the observed Pt. However, if the model 

linking Pt with Pt+1 is known, it can be used to bridge the gap so that it is possible to 

predict the distribution of Pt+1. That is, knowledge of the model linking Pt with Pl+X, 

coupled with the observed Pt, will enable us to examine whether the market price 

complies with the information available in the market. However, then the problem 

emerges that even when we know the model linking P, with Pt+1, we may not be able to 

determine the distribution of Pt+l from the model.16 In other words, the extent to which 

we can determine f(Pt+l) depends on the model linking Pt with Pt+X. For example, if 

we are satisfied with a model for expected returns on assets, we are concerned only about 

the next-period expected price, which is the first moment of Pt+l. This is because once 

we know the mechanism which determines expected return on an asset, we can determine 

the next-period expected price from the model. In this case, we, however, cannot 

determine the whole distribution of Pt+l from the model. Moreover, note that the extent 

to which we can correctly determine / (Pt+l) from the model hinges also on the 

correctness of the model. Then another problem surfaces: "What is the correct 

equilibrium model?"17 From the discussion in section 2.1, we know that this model results 

endogenously from the rational expectations equilibrium model. However, since we have 

16 In particular, since Ft+1 is a random vector, in order to capture the behavior of 

Pt+l, full knowledge of its distribution is necessary. 

That is, as previously mentioned, do agents know how to correctly utilize the 
information to form the conditional probability function, and hence the correct model? 
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no idea of the true information set and of the true price, we will never know the true 

market equilibrium model. Therefore, we can test for market efficiency only by examining 

whether Pt+X and Pt correspond to an assumed market equilibrium model given the 

observed information in the market. In this sense, the power of any market efficiency test 

hinges on the validity of the assumed market equilibrium model which links Pt with Pt+X. 

This may justify the statement by Fama (1976, p. 137) that "Some model of market 

equilibrium, however simple, is required. This is the rub in tests of market efficiency. Any 

test is simultaneously a test of efficiency and of assumptions about the characteristics of 

market equilibrium." That is, tests for market efficiency are a joint test of the validity of 

the market equilibrium model and of the informational efficiency of asset prices. 

In summary, in order to test for market efficiency, we must know the true 

information set and the true equilibrium market model used in setting the true price. 

Consequently, empirical tests for market efficiency, which employ the current information, 

the current market price P,, and a model linking P( with Pt+l, in fact cannot test for 

equality between the market price and the true price. Since it is difficult to determine the 

accuracy of the proposed equilibrium model and to know whether or not the information 

available at the current time is the true available information, it is virtually impossible to 

test for market efficiency. Therefore, a primary goal in empirical testing of market 

efficiency is to determine whether the behavior of the observed market price complies both 

with the assumed equilibrium model and with the observed information in the market. 

2.2.2 The Empirical Model for Market Efficiency 

We have seen that under market efficiency, the next-period price Fl+1 is in fact a 

random variable. Therefore, even when the market is efficient and the equilibrium model 

linking P, with PtH is known, we may not be able to determine the distribution of Pt+X 

depending on the form of the known equilibrium model. In practice, researchers tend to 

concentrate on those equilibrium models which deal only with the first moment of Pt 
18 

(+1 

18 See, for example, Fama (1970, p. 384). 
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In such cases, full knowledge of these equilibrium models offers no help in determining the 

distribution of the next-period price except for the first moment. I will examine what we 

can do to test for market efficiency even when we have no way to determine the 

distribution of the next-period price from the assumed equilibrium model. In particular, I 

will try to answer the question "What are the properties of these equilibrium models when 

the market is indeed efficient?" Since an efficient market correctly uses all available 

information to price assets in the market, market efficiency implies that there is no way to 

predict future prices consistently different from those prices which are determined by the 

efficient market mechanism. For those equilibrium models which deal only with the first 

moment of the next-period price, it is impossible to use the current available information 

to earn a return in excess of the efficient-market expected return. This concept of market 

efficiency can be expressed in terms of the following equation, which I will denote as "the 

empirical model for market efficiency": 

PM = ElP^fa] + Z^19 (2.5) 

where Pit+X is asset Vs time f+ 1 price, E[Pit+lQt] is asset i's time f + 1 expected 

price given information available at time t, and § r+1 is the error term. Note that asset i 

could be either an individual asset or a portfolio. It can be shown that if E[Pit+x Q, J 

19 In fact, equation (2.5) could be equivalently written as follows: 

,«+i 

From now on, I will not use "~" to denote a random variable, although Pit+l and §il+1 in 
equation (2.5) are in fact random variables. This is because time t could be taken as any 
time point and because every outcome of Pit+X and £ ,+1 must comply with equation (2.5). 

On the other hand, if necessary, Pit+l and <fjr+1 could also be viewed as realizations of 
their corresponding random variables. 
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exists, equation (2.5) implies that £[£ ,+1 \ci, ] = 0, which in turn implies that £[£ ,+1 ] = 0, 

£[£,,Ja>] = 0,and COV(£,+X,CQ) = 0 , w c Q r 

£[^+ 1 |a fJ=£[^ r + 1-£[^+ 1 |n f] |n r l 

= E[P^Q,]-E[E[plJ+x\nt]\nt] 

= E[plMX\nt]-E[plt+l\n,] = o. 

By the law of iterated expectations: 

E[X] = EY[E[X\Y]] = jyE[x\Y=y]f(y)dy = J0f(y)dy = 0. 

Let X s £ f+1 and K s Qf. It follows that E[£t+l ] = 0. For a proof of the 

assertion that £[§,+ ip,] = 0 implies that £[§,+1|a)] = 0, co c Qt, see Fama 

(1970, footnote 9, p. 391). In fact, I can show that E[X\Y] = C where C is a 

constant, implies that Cov(X ,Y) = 0. By the law of iterated expectations: 

E[X] = EY[E[X\Y]] = jyE[x)f = y]f(y)dy = CJyf(y)dy = C 

=> £[X] = C = £[X|n = J^/Uk = >')̂  = J ^ ^ 7 1 ^ 
Jx Jx f(y) 

=> jxf{x,y)dx = Cf{y) 

jxyf(x,y)dx = Cyf(y) 
jjxyf(x,y)dxdy = \Cyf(y)dy = c\yyf(y)ay 

E[XY] = CE[Y] = E[X]E[Y] 

Cov(XJ) = 0, for Cov(X,y) = E[XY]- E[X]E[Y]. 

Let X = ^ r+i and K s o>, fi) c Qf. The statement that Cov(£(+l ,co) = 0 is then 

justified. Q.E.D. 
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If the past history of the variable up to the present is included in the information set, then 

£[£J+X\CI{ ] = 0 implies that Cov(£ ,+1, £ f+1_J = 0, s = 1,2,... .20 Therefore, we can 

conclude that equation (2.5) implies that £[£J+X]klt J = 0 which implies that £[£ l+1 J = 0 

and Cov(4<+1, § (+1-J) = 0, s = 1,2,... Furthermore, since {£;>f+1_,} c {Q,}, it follows that 

Cov(^l+x,Zjt+x_s) = 0. Let us now look at the conditional covariance between 

E[PtMl]flt] and $J+l: 

Cov(E[pitt+l\Qt],^t+x\ni) 

=4 (EhM- E[E[P<M l̂ r]) (§,,+i - 4s,>< ]) 1°. ] 

= £[(£[P,/+1|Q,]- E^JQ,]) (S,,+1) |Qr] = 0. 

Therefore, equation (2.5) decomposes the time t +1 price into two parts:21 one is 

expected conditional on Q, and the other is unexpected conditional on Q,. Moreover, 

the conditional covariance between these two parts is zero. 

It was shown that Cov(£,+1, §,+!_,) = 0, s = 1,2,... The next question to ask is 

"From the perspective of market efficiency, are § ,+1 in equation (2.5) independently 

distributed over time?" Putting it another way, does market efficiency require §>/+i in 

20 In this dissertation, we will always think of the past history of the variable to the 
present {Pit,Pit_x,...} as the smallest information set; that is, {Pit,Pit_x , . . . }£ fi(. 

21 In fact, a random variable may always be decomposed as the sum of a 
conditional expectation and a residual term which summarizes the unexpected part. See 
Greene (1990, p. 70). 
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equation (2.5) to be independently distributed over time?22 Since the information set is 

constantly changing, asset i's time t +1 price PiJ+l will be a function both of the time t 

information and of innovations (new shocks) during the period from time t to time t +1. 

Therefore, I may write down the following equation: 

fl,+i = pi% +5 , + l = 4^i+i lQ.] + r&i + 5..+1 (2-6) 

where P^ is the asset Vs time t +1 price conditional on the information structure Q, ,23 

and eit+l summarizes the effect of innovations during the period from time t to time 

f + 1. Equation (2.6) decomposes P{% into two parts:24 £[Pif+1|QJ and rr/) ,̂ such that 

P^ and rj£*+1 have the same distribution except the first moment. The first moment of 

Pfilt is E[Pi\J+l}flt], while the first moment of T}ft+l is E[rjit+l Q,] = 0 which implies that 

E[T)u+l] = 0 and Cov(?lil+l,Htl+1^) = Of 5 = lf2,...2S Therefore, ?*% is a random 

variable conditional on Clt. Those shocks which occur during the period from time t to 

time t +1 will become information available at time f + 1 and can be denoted by 

22 It is well known that E[£t+l CI, ] = 0 does not imply that § r+1 and Qt are 

independent of each other (See Hamilton, 1994, Example 7.8, p. 190). The exercise I will 
do below is to demonstrate the result from the perspective of market efficiency. 

23 That is, Pi% = (Pitt+l\Qt). In this expression, P>% is in fact a random variable 

conditional on Qt. Since the expression (PiMl Clt) is somewhat awkward, I use />% 

instead. 

24 Here I decompose a conditional distribution into two parts: a conditional mean 
and a conditional distribution with zero mean. 

25 This is because {riitt+l_s} c Qt s = 1,2,... 
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{Q,+1 \Q,}. The information, {Q,+1 \ Q , } , is by construction independent of the 

information available at time f, {Q,}, otherwise it can be predicted by {Qt} and should be 

part of {Qt}. This is the sense in which P^+l and £iJ+x are by construction independent 

of each other. In fact, I can make a stronger statement that eit+x is, by construction, 

independent of the time t information set Q,. Since eit is known at time t and hence is 

in the information set available at time t, eit, and e, /+1 which is a function of the 

information generated during the period between time t and time f + 1 are by 

construction independent of each other. This implies that eit is independent of 

eij-s»s = 1,2,... This is because {e,_s,s = 1,2,• • •} c [Qt}. Note, however, that the 

preceding discussion does not require that eit should be identically distributed over time. 

To be precise, it in fact says nothing about the shape of the distribution of eit except that 

its first moment is zero. On the other hand, there is no reason to expect P^x to be 

either independently or identically distributed, or both, for P^+l and P^'~l share the same 

information structure Qt_x. Similarly, there is no reason to expect 7]^t'+x to be either 

independently or identically distributed, or boui, over time. I now combine equations 

(2.5) and (2.6) as follows: 

Pij+i=E[Pi,t+i\nt] + n%+ei,+i 

= £[r%+1|ft,] + £-,+i (2.7) 

26 {Qt+l \Qt} = [a: co e Q,+1 and co e Q f}. It denotes the difference between the 
time f + 1 information set Q,+1 and the time t information set Qt. 

27 If £[e, /+1|QJ = f(Clt) * 0 where f(Qt) denotes a function of Q,, then 

/ (Q,) will be predictable and absorbed by PL%. 
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where £v+1 = r/̂ +1 + e, r+1. §>(+1 incorporates, but is not totally determined by, the 

information which becomes available during the period between time t and time t +1. 

From the preceding discussions, equation (2.7) implies that Cov(£ t+x ,§ ,+1_,) = 0.28 

However, since § r+1 has rj.% as one of its components, it is inadequate to conclude that 

§ /+1 are independently distributed over time. Therefore, although our empirical market 

efficiency model, equation (2.5), implies that § ,+1 are serially uncorrected, it does not 

imply that § t+l are independently distributed; nor does it imply that §v+1 are identically 

distributed over time. To be precise, market efficiency in fact says nothing about the 

shape of the distribution of §>r+1 except that £[£f+1 Q, ] = 0. More specifically, market 

efficiency does not require that § ,+1 have a constant variance over time.29 

In equation (2.5), I present the concept of market efficiency in terms of the first 

moment of stock prices. In fact, this job could be equivalently done by defining market 

efficiency in terms of the first moment of stock returns. This can be seen from the 

following argument: Let the one-period holding period return, Ru+X, be defined as: 

28 In addition to the proof presented earlier, I can offer another proof: 

C0v(S,+i,£,) =Cov(T)%+l + £,,,+1,r#- + eiJ) 

= Cov(r]^x, rj£-') + Cov(^%, £,-,) + Cov(eiJ+l, r # - ) + Cov(eiJ+l, eiJt) 

= 0 + 0 + 0 + 0 = 0 

where C(?v(r/̂ »+i,rjL -̂1) = 0,because rjg'-1 eQ f;since £l>r eQt, Cov(eiJ,rft<+x) = 0', 

since ijj-1 € Q,, COV(TJ^X ,£, ,+1) = 0; since e,-il+1 is independently distributed over time, 

Cov(eit+l,ei,) = 0. 

29 In fact, it has been long documented by a lot of research that the variance of 
stock returns changes over time, for example, Officer (1973), and French, Schwert, and 
Stambaugh (1987). 
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Ending price + Dividends - Beginning price 
Ri,t+i ~ ^ : — : : 

Beginning price 

A.H-1 -djj+j -pi>t 

= (2.8) 
AM 

where pit and pit+x are stock i's market prices (i.e., ex post dividend prices) at time f 

and at time f +1 , and dit+x is stock i's time f + 1 dividend income during the period 

between time f and time f +1. 

Before moving on, some comments on the meanings of Pit and Pit+l seem 

appropriate. Since there are dividend payments on a stock over time, as will be seen later, 

it is very difficult, if not impossible, to keep the meanings of Pit and Pit+X consistent 

throughout this dissertation. Up to now, Pit+l has been implicitly assumed to be the time 

f + 1 dividend-inclusive price which includes the dividend payment during the period from 

time f to time f +1. That is, PiJ+l = pit+l + dit+l. Therefore, I might have defined the 

holding period return as (Piit+l - pit, )/Pij where PiJ+x is the time f + 1 dividend-inclusive 

price and pit is the time f market (i.e., ex post dividend) price. However, equation (2.8) 

was used as the definition of the holding period return in order to avoid confusion over the 

meaning of Pit+l. In fact, in addition to the above meaning of PiJ+l, it is sometimes 

t+i 

referred to as the time f + 1 dividend-cumulative price, which is defined as pit+x + X ^ u • 
;=0 

Since it is very difficult to have a constant meaning of PiJ+1, throughout this dissertation 

Pit and P^ are usually referred to just as stock prices. Depending on the context, the 

term "stock prices" could be referred to as either market prices (i.e., ex post dividend 

prices), dividend-inclusive prices, or dividend-cumulative prices. 
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Since under market efficiency, equation (2.5) holds, we can have 

A,m + dit+x - pif ^ E[plt+X + dit+x fl,] + gt+x - pit 

Pis Pi,t 

+ = £ 
Pi,t Pi,t 

Pi,t+i ~ Pi,t 

Pi,t 
a .'+1 30 

Pu 

By the definition of Rit+l: 

Pi,t 
(2.9) 

where £[e,.,+lrQ,] = £ X t+1 

Pu 
to. 

£[§,+1 |n,] r , T 
= : = 0. £[/?, /+1|Qf J is stock i's time r +1 

Pi,t 

expected return conditional on informational available at time f (or simply expected 

return) and eiJ+l is the unexpected (or residual) return. Note that equation (2.9) does not 

require £[/?, /+1|Qf J to be a constant. Since equation (2.5) is equivalent to equation (2.9) 

except for notational differences, previous statistical results of equation (2.5) can be 

applied to equation (2.9). Therefore, equations (2.5) and (2.9) will be used 

interchangeably to express the concept of market efficiency throughout this dissertation. 

I now point out that there is another important issue related to empirical testing of 

market efficiency, when tests are based on equations (2.5) and (2.9). These empirical 

30 I have applied the following theorem in Mallraris and Brock (1982, Theorem 
5.5, p. 15): 

Let X and Y be random variables on (0 ,3 , P), and suppose Y and 
XY are integrable and X is O - measurable. Then 

£[Xy|<D] = KEPT]®] with probability one 

for <D a o-field in 3 . 
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models for market efficiency, which imply that there is no way to predict the next-period 

error term different from zero using the current available information, do not spell out the 

magnitude of the variance of the error term and the proportion of the variation of the error 

term to the variation of dependent variable (stock returns or prices). The proportion of 

unexplained variation of stock returns (prices) to the total variation of stock returns 

(prices) could be quite high even when the stock market is efficient This would be the 

case especially when there are a lot of innovations (new shocks) during the period of 

interest Therefore, equations (2.5) and (2.9) offer no benchmark regarding the magnitude 

of the variance of the error term with which one can say something about whether the 

stock market is efficient. Consequendy, no definite conclusion regarding the efficient 

markets hypothesis can be reached when one looks only at the R2s from these models. I 

now summarize the preceding discussions in the following theorem: 

Theorem 2.1: Suppose that stock Vs returns are generated according to equation 

(2.9).31 If the market is efficient, then: 

(1) E[Riitt+l\Clt ] could be either constant or time-varying; 

(2) the expected return and the residual return are uncorrelated with each 

other conditional on the current available information; 

(3) E[eit^ CI, ] = 0; that is, the residual return cannot be predicted by 

current information; it follows that the residual return is uncorrelated 

with, though not necessarily independent of, current information; in 

particular, e,v+1 are, though not necessarily independendy distributed, 

serially uncorrelated; moreover, since {ejt+l_s>s = 1,2,---} c {Clt}, 

Cov(eitl+l,eJttH_s) = 0; 

31 Theorem 2.1 can also be applied to equation (2.5). 
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(4) the residual return (both conditional and unconditional) has an expected 

value of zero; however, it is not necessarily identically distributed; in 

particular, its variance is not necessarily constant over time; 

(5) equation (2.9) does not spell out the proportion of the variation of 

residual returns to the variation of (ex post) stock returns; therefore, 

R of the model offers no help in determining whether or not the 

market is efficient. 

There is another interesting issue on the empirical market efficiency model worthy 

of our attention. Suppose that stocks i and j have the following price generating 

functions respectively: 

PiJ+l=E[Pi<t+l\Cl,]+$tt+x, 

Pj,t+i = E[Pjtt+i\*^t\
+^j,t+i-

According to Theorem 2.1, since {§,,,§,-,,,§,M»<5/,,-i»•••) is in Clt, it follows that 

COV(€JJ+I &J+I-S) = 0 and Cov(% ,+1 ,£yV+1_,) = 0, s = 1,2,... On the other hand, following 

the notations used in equation (2.7), §>r+1 = r$+1 + ei>l+1 and £jMl = r\f*+x + ejtM. It can 

be seen that rfc% and tfj+l share the common information structure CI,, and £, ,+1 and 

Ej ,+1 share the information which becomes available during the period between time f 

and time f +1 . Therefore, it is evident that market efficiency does not imply that 

Covfe^ ,£,+!) = 0 . n A similar argument applies to equation (2.9) so that 

C°v(ei,t+\*ejj+\) i s n o t necessarily equal to zero. I summarize the result in the following 

corollary: 

32 Sharpe (1991, p. 479) makes a similar conclusion, while he uses CAPM as the 
price generating process. 
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Corollary 2.1: Suppose that stock prices follow equations (2.5) and (2.9). 

Contemporaneous residual returns across individual stocks 

(portfolios) are not necessarily uncorrelated even when the market 

is efficient. 

In summary, we have seen that market efficiency requires a perfect knowledge of 

the distribution of the next-period price. Since this requirement makes it difficult to test 

for market efficiency, researchers look instead at an empirical model which requires 

knowledge of only the first moment of the next-period price. This empirical model 

requires only that the first moment of the next-period price be unbiasedly estimated and its 

error term cannot be predicted by the information available at the current time. In fact, 

this property of the error term is the fundamental basis for empirical testing for market 

efficiency. 

2.3 Theoretical Models for Stock Prices 

Sections 2.1 and 2.2 underscored the principle that market efficiency requires an 

equilibrium model to link the current price with the next-period price. That is, in order to 

have some idea about whether the market is efficient, one must first know the equilibrium 

price generating model. For empirical purposes, researchers typically focus on models 

dealing with the first moment of the next-period stock price. Some of these models are 

based on theoretical foundations and some of these models are just statistical models 

which might describe the behavior of the stock price. However, no models so far have 

done a satisfactory job in explaining the behavior of the stock price. In fact, discovering 

the true price generating process, if any exists, has been one of the most important goals in 

the study of finance for several decades. It will continue to be a challenge faced by 

researchers. In this section, I will focus only on those models which lay the groundwork 

for later discussion of the dissertation. In particular, in addition to their statistical 

properties, I will investigate the relationship between these models and market efficiency. 
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Section 2.3.1 discusses a fair game model. In section 2.3.2, a martingale model is 

investigated in detail. Section 2.3.3 provides a thorough discussion of a random walk 

model. Important statistical properties of these models and comparisons of these models 

with the empirical model for market efficiency, which was proposed in section 2.2, are 

also discussed in those sections. Section 2.3.4 provides some comments on the meanings 

of Pit and Pil+l in a martingale and a random walk processes. 

2.3.1 Fair Game MnHel 

Under a fair game model, next period's price will, on average, be what we expect, 

given the current information structure CI, .33 While a fair game model says that on 

average, we get what we expect, it does not spell out the magnitude of expectations. 

Suppose that we have a structure of price formation: 

Pitt+l=E[Piit+l\ci,] + vitl+l (2.10) 

where PiJ+l is stock i's time f + 1 price and is a random variable, E[Pil+x CI,] is the 

expectation of Pit+l conditional on time f information structure CI,, and v, r+1 is the error 

term. Equation (2.10) says that {Pil+l} is a fair game with respect to CI,. According to 

Theorem 2.1, if £[/^ r+lrQJ exists, equation (2.10) implies that £[v, r+1|Qf ] = 0, which in 

turn implies that £[vi(H>1] = 0 and Cov(vit+l,co) = 0 where coczClt. In particular, 

Cov(vl>rt, viMl_t) = 0, s = 1,2,... Therefore, a fair game model implicitly imposes some 

restrictions on the behavior of the error term, v, /+1 = (Pit+l - E[Pit+l CI,]). However, a 

fair game says nothing about the time series behavior of (PiJI+l - Pit,). 

33 This definitional statement follows from Fama (1970, p. 385), Ingersoll (1987, p. 
15), and Copeland and Weston (1988, p. 347). 
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Equation (2.10) is the definition of a fair game model that we usually see in finance 

literature. This expression makes it easier to compare a fair game model with market 

efficiency. Note that equation (2.10) is equivalent to the empirical market efficiency 

model, equation (2.5), except for the notational difference between the error terms. 

Therefore, if we care only about the unbiasedness of the first moment of the next-period 

price, conditional on the information structure CI,, market efficiency is equivalent to a fair 

game model. 

Following the definition of the holding period return on stock i, Rit+l, which is 

defined as equation (2.8), a fair game model for stock i's return, which is similar to 

equation (2.10), is shown in the following equation: 

35 
^ = « W ^ o , ] + ^ i . < 2 - 1 2 ) 

Inserting equation (2.8) into equation (2.12) generates: 

Pi.t+i + &i*+\ Pu+i _ PJJ+\ Pu _ F Pij+i Pu 

P.M+i Pi, Pi, 
n, + S,,+1 

34 Fama (1970, p. 385) defines a fair game as follows: 
Let e^P^-EtfJCl,]. (2.11) 

Then E[ei<t+l\CI,] = 0 says that die sequence {eift+l} is a fair game 
with respect to the information sequence {CI, ] . 

In fact, according to Theorem 2.1 of this dissertation, equation (2.11) itself implies that 
Eteij+i l^r 1 = ° - Therefore, equation (2.11) itself is enough to define a fair game model. 
Ingersoll (1987, p. 15) has a definition of a fair game model similar to that in Fama (1970, 
p. 385). 

35 Note that except for notational difference, equation (2.12) is the same as 
equation (2.9). This is another way to see that a fair game model is equivalent to market 
efficiency when one's concern is only the first moment of the next-period stock price. 
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E[PtJ+x\ci,]-plt 

Pu 
+ 5 i.r+1 

=* pt,M - E[Pi,t+i tor J + $M+I AM • 

If Pit+l is a fair game according to equation (2.10), £[v,t,+l\ci,] = £[$,,+1A,,\&,] = 

pi,E[SiMl\Cl,] = 0 which implies that £[$,+1|ftf] = 0. It follows that Ril+X isalsoafair 

game according to equation (2.12). On the other hand, if Rit+l is a fair game according to 

equation (2.12), then E[SIMX \C1,] = 0 implies that £[$• ,+1 pi4\C1,] = E[VU+X\C1,] = 0. It 

follows that Pit+1 is also a fair game according to equation (2.10). In fact, the same 

conclusion can be reached in a more direct manner. Since 

£[tf„+1|Q,]=£ 
pi,,+i ~ Pu 

Pu 
O, 

£tf,,+1Q, ]-/>,, 

AM 

we can say that £[/?, ,+1|ftf ] is what we expect given CI, if, and only if, £[/^<t+l\Clt ] is 

what we expect given Clt. Hence, the statement that the stock price is a fair game is 

equivalent to the statement that the holding period return is a fair game. Note that the fact 

that the stock price and the stock return are a fair game says nothing about the magnitudes 

of £[^r+lrQ,J and £[/?ll+lrQJ. Therefore, the expected return conditional on CI, could 

be any number, in particular, it might change over time or remain constant. Since 

34 



E[R,M+i &t ] *s n o t necessarily a constant, it follows diat even when both stock prices and 

stock returns are a fair game, serial covariance of stock returns is not necessarily zero.36 

In summary, if equation (2.5) is used as a definition of market efficiency, market 

efficiency is in fact equivalent to a fair game model. Moreover, stock prices follow a fan-

game model if, and only if, stock returns follow a fair game model. We have seen that a 

fair game model in fact imposes some restrictions on the behavior of the error term. 

However, a fair game does not imply that stock returns are serially uncorrelated. More 

importantly, since the magnitude of the expectation in a fair game model is not specified, it 

is difficult to test for a fair game model unless we have a benchmark for the expectations, 

which is similar to the problem in testing for market efficiency. 

2.3.2 Martingale Model 

Ross (1983, p. 228) offers a definition of a martingale process as follows: 

A stochastic process {Pk\t,, f = 1,2,...} is said to be a martingale process if 

£ [ / > , ] < « , forallf 

and 

ElPidPmpW">piA=pi4- <2'13> 

However, it is possible to extend this definition into the following: A sequence of random 

variables, {Pi4}, is a martingale with respect to information structure Clt if for each f: 

E[Pi t+1 Clt ] = Pitt
 37 with probability one. (2.14) 

361 offer here one simple example to prove this statement. Since £[/?, ,+1 |QJ is a 

function of Clt, one can assume that E[Rit+l\Cl,] = Ritt. Then Cov(Rit+l,Ritt) will not be 

zero, since RiJ+l depends on Rit. See Fama (1970, p. 392) for a formal proof. 

37 For a more formal definition, see Malliaris and Brock (1982, p. 17). Mandelbrot 
(1966) offers examples in which CI, is greater than the past history of the random variable 
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In stochastic process literature, the information structure Clt is usually referred to as the 

past history of the random variable up to the present In market efficiency literature, the 

size of the information structure is important when we consider the impact of the 

information structure on the behavior of the stock price. In equation (2.14), Clt might be 

taken as the information available at time t. As will be shown later, this enables one to 

make a more direct comparison between market efficiency and a martingale process. 

Equation (2.14) says that no matter what the time t outcome of Pit is, it will be the 

expected value of Pu+l conditional on the information structure CI,. In this sense, both 

equations (2.13) and (2.14) are distributional statements rather than point statements. It 

can be seen that a martingale model is a special case of a fair game such that 

E[Pit+l CI, ] = Pit. It follows that in terms of the expected value for the future, there is no 

advantage, on average, in knowing the whole past history of the variable over in knowing 

only the present value of the variable. This is because E[Pit+l Pit,] = E[PiJ+l\Clt] = Pit. 

Though a martingale says that the conditional expected value (first conditional moment) 

for the future price given Clt depends only on the current realization but not on the past, 

the conditional distribution of the future price may depend on the whole past history up to 

the present. That is, conditional moments of all orders except for the first order might 

depend on the whole past history of the variable up to the present (Mandelbrot, 1966, p. 

244). Moreover, equation (2.14) can be equivalently written as follows (Malliaris and 

Brock, 1982, p. 19): 

E\Pi4+krQr J = Ptj with probability one for any k > 1. (2.15) 

up to the present. For more applications of martingale in finance, see Samuelson (1965, 
1973), and Malliaris and Brock (1982, p. 21). 
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Therefore, a martingale in fact states that at the current time f, stock i's future expected 

prices conditional on the information structure Clt are equal to its time t price.38 

I now consider a martingale model from another viewpoint. If {P,!,} is a 

martingale with respect to Clt, we can have:39 

Plt,+x=E[PlJ+xQ,] + ti .'+1 

= Pi,t+*i i+i (2.16) 

According to Theorem 2.1, Tif+1 is serially uncorrelated. However, rit+x might be 

dependent on Q, in a nonlinear fashion such that this dependence offers no help in 

predicting £[fir+1 CI, ] other than zero.40 Now by repeatedly applying equation (2.16), 

we can have: 

38 Note that I refer to Pit and Pif+1 respectively only as stock prices at time t and 

time f + 1 . I will argue in section 2.3.4 that here Pit and Pil+l are best regarded as 

dividend-cumulative prices at time f and time f + 1 . 

39 I would like to emphasize that 

^ + I = ^ M + T M + I and£[Ti>f+1] = 0 

do not imply that [Pit+l} is a martingale. This is because E[rit+l Cl,] = E[Pit+l - Pit Clt) 

= E[PiJ+l\kl,]- Pit. In order to have E[PtMl\ci,] = Pi<t, we must have £ f t ,+1|Qf ] = 0 

in the first place. Therefore, an equivalent expression to equation (2.16) is as follows: If 

PiJ+l = P^ +rl>/+1 and E[ti>t+X\ci,] = 0, 

then {Pi<t+X} is a martingale process. 

40 In fact, more can be said on £[r, r+1|QJ = 0. If E[xtttH\cit] = 0 for f = 1,2,-••, 

then {r, ,+1} is said to be a martingale difference sequence with respect to information 
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'i,t+k ~ *i,t+k-\ ~*~ti,t+k 

= *i,t+k-2 + ti,t+k-l + ^ij+k 

= ^ M + r . . r + l + ^ M + 2 + - " + ^ t+k 

E[PiJ+k CI,] = PiJ, for E Z T- \C1 "i,t+j r*r 
y=i 

This shows that under equation (2.16), the expected price for a future time f + k, k > 1, is 

equal to the price at the current time f. Therefore, equation (2.16) is another expression 

of {Pit+X} being a martingale with respect to Clt. It will be shown later that the structure 

of equation (2.16) as a martingale allows for more direct comparisons between a 

martingale model and market efficiency, and between a martingale model and a random 

walk model in section 2.3.3. 

Recall the definition of the holding period return on stock i (equation 2.8). 

Taking expectation of both sides of the holding period return, conditional on the 

information structure, generates: 

£[*„+lrQ,]=£ AM+I+4M+I~AM 

AM 
CI. 

sequence {CI,}. This means that it is not possible, linearly or nonlinearly, to predict the 

first conditional moment E[rit+l CI,] to be different from zero based on CI,. However, it 

is possible to have E[r°t+l \C1, ] = f(Cl,), where / (CI,) is a function of CI,, / (Q f ) * 0, 

and a * 1. In other words, E[Tit+l Clt] = 0 does not imply independence between r, ,+1 

and Clt, although it was stated in Theorem 2.1 of this dissertation that £[T,,+1 CI, ] = 0 

implies that COV(T, f+1, co) = 0, co c CI,. For some discussion on a martingale difference 

sequence, see Hamilton (1994, p. 189). 
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_E[plt+1-pu\nl_E[plJnt]-pit 4i 

A./ A., 

If E[Ril+x CI,] = 0, then E[Plt+x Clt] = Pit. Therefore, the above equation says that when 

E[Rit+l CI,] is zero, the stock price is a martingale such that E[Pit+x Clt] = Pit. On the 

other hand, if the stock price is a martingale such that E[Pit+x Cl,] = Pit, then 

E[Rit+x CI, ] = 0. Therefore, it can be concluded that the stock price follows a martingale 

such that E[Pit+x CI,] = Pit if, and only if, E[Rit+1 CI,] = 0. More importandy, since 

E[Rit+1 CI, ] = 0, it follows that if the stock price follows a martingale, then the stock 

return will be serially uncorrelated. Because Rit is not necessarily zero, E[Rtlt,+x\Clt ] is 

not necessarily equal to Rit. Therefore, the statement that the stock price is a martingale 

does not imply the statement that the stock return is a martingale. On the other hand, 

suppose that E[RiJ+l CI,] = Rit. That is, the stock return now follows a martingale. 

Inserting the definition of Rit into this conditional framework: 

A M + I + ^ . M + I ~ A M 

AM 
A, = £ 

P - P 
ri,t+l ri,t 

Pi> 
a, = R,, = 

P - P 
ri.t ri,t-\ 

PiJ-l 

E[PiJ+lCl,]-Pitl /> , - /> ,_ 

A., AM-I 

41 If Pit and Pi(+X are taken as dividend-cumulative prices, (Pit+X - Plt) is equal 

to ( A M + I + 4 > H - A M ) -
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Thus, in order to have E[Pil+l CI,] = Pit, Pit - Pit_x must be zero. Since Ptt is not 

necessarily equal to Pit_x, the statement that the stock return is a martingale does not 

imply the statement that die stock price is a martingale. Therefore, unlike the results of 

the analysis of a fair game model in section 2.3.1, there is no exact relationship between 

the statement that the stock price is a martingale and the statement that the stock return is 

a martingale. 

I now consider the relationship between a martingale model and market efficiency. 

Note that equation (2.5), the empirical market efficiency model, does not provide a 

specific measure of E[P^\t,^\Cl, J, but it requires the error term, (Pil+l - E[Pit+l CI,]), to 

be uncorrelated with Clt. On the other hand, a martingale model requires not only that 

E[Pt\,+x\Cl, ] be equal to Pit but also that the error term (Pit+X - Pit) be uncorrelated 

with Clt.M one is concerned only about the unbiasedness of the first conditional moment 

of the next-period price, given the information structure CI,, men a martingale model 

implies market efficiency. However, market efficiency does not imply a martingale model, 

since market efficiency does not require that E[Pit+l CI, ] = Pit. 

In summary, the results of sections 2.3.1 and 2.3.2 show that a fair game model 

does not spell out the magnitude of the expected next-period price conditional on the 

available information, whereas a martingale requires that the expected next-period price 

conditional on the available information be the current price. Therefore, a martingale is in 

fact a special case of a fair game. In this sense, a martingale is a subset of market 

efficiency. If the stock price follows a martingale model with respect to the current 

available information, then stock price changes and stock returns should be serially 

uncorrelated42 and cannot be predicted by the prevailing information. Exarnining these 

properties provides information on whether or not stock prices follow a martingale. 

42 This section focuses exclusively on a martingale without a nonzero constant drift 
term. As will be seen in sections 2.3.3 and 2.3.4, stock returns are not necessarily serially 
uncorrelated when stock prices follow a martingale with a nonzero constant drift term. 
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2.3.3 Random Walk Model 

Ross (1983, p. 221) defines a random walk as follows: 

Let e,, t > 1, be independently and identically distributed with E[\e,\] < «=. 

If we let P0 = 0 and P, = £ e , , then the process [Pt, t = 0,1, 2,...} is 

called a random walk process. 

Note that this definition does not require £[|ef |] to be a constant over time but to be 

smaller than infinity. To be precise, it does not rule out the situation in which E[\e, \] 

changes over time. Note also that the above definition requires that e, be independendy 

and identically distributed over time. This is a very strong requirement In fact, under a 

random walk model, e, need not be identically distributed.43 Therefore, for the purposes 

of this dissertation, I will require e, to have constant mean zero,44 to be independently 

distributed over time, but not necessarily to be identically distributed. With this 

requirement in mind, the above definition of a random walk can be revised as follows: 

JU=J? ,+5 . i + i (2-17) 

where Pi0 = 0, E[eit+l] = 0, and e, ,+1 is independently distributed over time.45 The 

subscript "i" is added to denote that this process is generated by asset i . Equation (2.17) 

says that no matter what Pit is, the value of Pit+l will be the sum of the value of Pit and 

the value of eit+l which has a zero mean and is independendy distributed over time. Since 

43 See Taylor and Karlin (1984, p. 95). 

44 If £[£,,+1 ] = C * 0, where C is a non-zero constant, then this non-zero 

constant expected value will be absorbed by the drift term of a random walk. 

45 This definition is similar to the one in Lo and MacKinlay (1988, p. 44). 
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equation (2.17) holds for every possible outcome of Ptt, it is in fact a distributional 

statement. Note that there is no information set specified explicitly in equation (2.17). 

However, the statement that e, t+1 are independently distributed implies that it is 

impossible to predict eit+x using [£it,£it_x,...,ei0}. In particular, £[e l t+1] = 0 ande1I+1 

being independendy distributed imply that E[eit+l £,,,£,,_,...] = E[eif+X] = 0,46 Since 

{e.M>£,M-i>-"'£i.o} and {^M>^M-I ' - '^ ,O} have the same information structure, it follows 

that £[£l>r+1 PinPit,_lt...] = 0. Therefore, equation (2.17) implies mat 

Ete.M+1 ^ » ^ - i . — 1 = °- S i n c e 3.«+i i s e (*ual t 0 ^•.'•i " p^> w e c a n h a v e 

^[ î.i+l *i,t' Pi,t-l >•••] — £ ['j,r+l 'i,t *i,t' "i,t-\ »• • 'J 

= [̂M,r+1 "i,t' *i,t-\ >• • "J ~ *i.l = " 

It follows that equation (2.17) implies that 

Ey*i ,i+i j"\jt»'i,t-\ >•••] "i,f 

46 This follows from the fact that "independence" is a distributional statement, not 
just a statement about the first moment In fact, we can have 

/ (£i.t+l pi .1' £i J-l»' * *) = / ' £i .'+1 ' 

where / ( • ) is a function of • . Putting it another way, 

E\£i,t+\ £»,r»£IM-I."'J = *H£«M+I J 

where a is any real number. 
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Note that except for die difference between information sets, the above equation coincides 

with equation (2.14) which is the definitional statement of a martingale process with 

respect to the information structure Clt. This says that a random walk process is in fact a 

martingale process with respect to the past history of the random variable up to the 

present. It follows that if stock prices follow a random walk according to equation (2.17), 

then stock returns are serially uncorrelated.47 However, it is important to note that a 

martingale is not a random walk, since unlike a martingale process, a random walk process 

requires that the error term (Pit+X - Pit) be independendy distributed. Following from 

equation (2.15), the above equation can be equivalently written as follows: 

£[*/ ,*+* \*i,t' 'i,t-l '* • 'J = 'i,t kzl. 

In fact, I can offer another approach to obtaining this result By repeatedly inserting 

Pu+j»j = k,k -1,...,2,1, into equation (2.17): 

Pij+k ~ Pi,t + ei,t+k + ei,t+k-i +• • '+£i.t+i • (2-18) 

Since £ 2* £i,t+j \'iJ * *»M-1 '* *' 
* r i l 

= £ E\eit+j \Pit, Pit_x,... I = 0, the result then follows. The 

result says that given the past history of the random variable up to the present, a random 

walk model implies that the best conditional expectation of the random variable k steps 

ahead is equal to the current realization of the variable. 

47 As will be seen later in this section and in section 2.3.4, this conclusion does not 
necessarily hold when stock prices follow a random walk with a nonzero constant drift 
term. 
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Using equations (2.17) and (2.18), I redefine the length of time interval as follows: 

f: 0 

n: 0 

k 

1 

2k 

2 

3k .... k > 1 

3 .... 

(original time length) 

(new time length) 

Now let r\in = Xe..*n-;' m a t is' the adjacent k £s are assumed to get an 77.. Then we 
7=1 

could have: 

*i,n+\ "i,n "*" "'.n+l • 

Since £[£<f+1] = 0 and since £ir+1 are independendy distributed, it follows that 

£ L * U = £ 2*£iM-j 
y=i 

= 0 and r;, „ are independent of each other for n = 1,2,-

/" * 

Moreover, Vlar(77irt) = Var 
\ 

Xe .>.-/ =Sv'ar(ei,*n-y) ( = ^ £
2 if variance of £,.r i is 

y y=i 

constant). Therefore, it can be seen that the length of the time interval is independent of 

the validity of a random walk process, but the variance of die innovation increases with 

the length of the time interval. 

Since equation (2.17) has been implicitly defined with respect to the information 

structure of the past history of the variable up to the present, it says nothing about other 

information structures which do not belong to the past history of the variable up to the 

present Tobeprecise,if {^f,/
>

ir_1,...,/^0} c Q f and {/^/,f;v_1,...,/
>

i0} 9t Qf,dien 

equation (2.17) does not imply that / (£it+k (CI, \ {Pit, Pit_x,. ..})) = /(£„+*) > where 

k > 1 and / ( • ) is a function of • . Specifically, it does not imply that 

£ | £,. /+1 (Q, \{Pit,Pit_x,...})l = 0. That is, a random walk process does not rule out the 
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possibility that the best predictor for the future value can be something different from the 

current realization conditional on the current available information Clt which is larger than 

the past history of the variable up to the present If the stock price follows a random 

walk, then the past price history up to the present provides no information on future price 

changes. This is due to the fact that price changes are independent of each other. It is, 

however, inadequate to conclude that when the stock price follows a random walk, it is 

impossible to predict stock price changes using the information set CI, which is greater 

than the past price history up to the present. This is because a random walk model, 

equation (2.17), does not refer to any other available information but only to the past price 

history up to the present. Therefore, even if the stock price follows a random walk, it 

does not rule out the possibility of predicting price changes different from zero using all 

other information publicly available at the current time.48 

I now investigate the difficulties involved in the empirical testing of a random walk 

model. We know that a random walk model requires that £it be independendy 

distributed. Since it is almost impossible to prove statistically that two random variables 

are independent of each other without knowing their marginal and joint probability 

distributions, researchers typically examine the covariance between £,, and £it_s, 

5 = 1,2.... Though independence implies zero covariance, zero covariance does not imply 

independence except for the case in which the two random variables of interest are 

bivariate normally distributed.49 This is because covariance is only a measure of linear 

association between the two variables and zero covariance does not rule out the possibility 

of any other nonlinear relationship between the two variables. Therefore, evidence of zero 

covariance between any two error terms is not a sufficient reason to conclude that these 

two variables are independent of each other. All that can be said is that this is evidence 

48 Granger and Morgenstern (1970, p. 84), and Taylor (1990, p. 141) point out 
this issue. I will provide an example to demonstrate this point in section 2.4.2 of this 
dissertation. 

49 See Mood, Graybill and Boes (1974, p. 166). 
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consistent with the statement that stock prices follow a random walk process. Moreover, 

as mentioned in section 2.3.2, evidence of zero covariance is also evidence consistent with 

a martingale process. Therefore, when testing for the hypothesis that a variable follows a 

random walk by looking at the autocovariance of the time series difference of the variable, 

there is one important caveat — namely, that the test cannot distinguish a random walk 

process from a martingale process. 

Up to now, we have been using equation (2.17) as the definition of a random walk 

process. However, in finance, researchers usually use another definition of a random walk 

process. The main difference between these two is die size of the information set with 

respect to which a random walk process is defined. To be more specific, in finance 

literature, researchers often require Clt to be the set of the information available at time t. 

Fama (1970, p. 386) defines a random walk as follows:50 

/ (^ , + i | o , ) = /(ft,,+i) (2-19) 

where (pit+l is the price change (Pit,+l - Pit) and is identically distributed over time. It 

follows that (pit+l is independendy and identically distributed over time and is independent 

of CI,. However, as mentioned in the preceding discussion, we require that E[(pit+X ] be 

constant over time but not that <pit+l be necessarily identically distributed. Since equation 

(2.19) says that the conditional distribution of the next-period price change, given the 

information structure Clt, is equal to its unconditional distribution, it is in fact equivalent 

to the statement that E[(pa
+ Cl{ ] = E[(p"+X ] where a is any real number. That is, all 

moments of the conditional distribution and unconditional distribution are identical. In 

50 Copeland and Weston (1988, p. 347) suggest a similar definition. 
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this case, there is no way to predict cpit+x based on Clt. In particular, £[<p, ,+1 \cit ] 

= E[(piJ+l] = 0.51 Since £[<pii/+1 \C1,] = 0, we can have: 

E[%j+ifa ]=E[p,t+i - p , t h } = E [ P , , M ] - piJt = o 

=> E[pi>t+x\cit]=Plt. 

Note that this is the definitional statement of a martingale process. That is, equation 

(2.19) is taken as a definition of a random walk, this version of a random walk is still a 

martingale. Therefore, equation (2.19) can be equivalently written as follows: 

Pi,+i=E[Pu+JPi] + <Pi.M 

= J?,+fl..+i (2-20) 

where S is a constant drift term and <p, ,+1 is independent of CI,. Equation (2.17), as 

mentioned earlier, is implicidy defined with respect to the information set of the past price 

history up to the present, while equation (2.20) is defined explicidy with respect to CI,. 

To conclude that the stock price follows this version of a random walk model, equation 

(2.20), it must be shown that <pil+l is independent of all the information available at time 

f. Therefore, the evidence that <pil+l is independendy distributed over time alone is not 

enough for us to conclude that the stock price follows this version of a random walk 

(equation 2.20). It must be true that (pit+l is independent of CI, to assert that the stock 

price follows this version of a random walk model. Consequendy, empirical tests for a 

random walk which examine only the serial correlation of the error term cannot distinguish 

51 It is possible that E[<pit+l CI,] = E[(pitt+X] = C, where C is a nonzero constant. 

Since C will be absorbed by the drift term, it is common to assume that E[(pit+X Clt ] = 0 
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between the hypothesis of equation (2.17) and the hypothesis of equation (2.20). It 

follows that aldiough serial uncorrelatedness of error terms (or stock returns) is consistent 

with equation (2.20), it does not imply that error terms (or stock returns) cannot be 

predicted, especially in a linear fashion, by {CI, \ {Pit, Pit_x,...}}. Moreover, from the 

preceding discussions, empirical tests examining autocorrelation in error terms in fact 

cannot distinguish among hypotheses of equations (2.16), (2.17) and (2.20). 

I now examine the relationship between a random walk process and market 

efficiency. It was shown that there are two versions of a random walk process, equations 

(2.17) and (2.20). Equation (2.17) is defined with respect to the information structure of 

the past price history up to the present. Though equation (2.17) says that 

E[Pi,t+i Pi,t»Pi,t-\ >•••] is equal to Pit and that the error term is independendy distributed 

over time, it does not say anything about the error term conditional on any subset of 

{Clt \ {Pit, Pit_x,...}}. The empirical model for market efficiency, equation (2.5), is 

defined with respect to the current available information which is larger than the past price 

history up to the present Moreover, equation (2.5) says nothing about the magnitude of 

E[Pit+l CI, ] and requires the error term to be uncorrelated with CI,. In this sense, 

equation (2.17) can be viewed as a special case of equation (2.5). Therefore, equation 

(2.17) implies market efficiency with respect to me past price history to the present, but 

not vice versa. On the other hand, equation (2.20) is defined with respect to the current 

available information and requires that E[Pit+l CI,] be the current price Pit and that the 

error term be independent of CI,. In this sense, equation (2.20) is still a special case of 

equation (2.5). Therefore, equation (2.20) implies market efficiency, but not vice versa. 

There are often cases in which there is a detenriinistic time trend incorporated in a 

random walk process. In such cases, the random walk model becomes: 

^ , + i=S+^+£, - , + i (2-21) 
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where S is a constant, PiQ = 0 , £[£, ,+1 ] = 0, and £it+x are independently distributed. 

This is called a random walk with drift 8. If the stock price follows a random walk with 

drift, the expected next-period price change conditional on the past price history up to the 

present is equal to a constant 5. By inductively applying equation (2.21): 

Pi,t+k ~ Pi,t +k° + £i,t+k +£i,t+k-\+-~+£i,t+i> 

Since £ 2u £i,t+j i,t • £iJ-\ • * * * 
y'=i 

= X Ei£i,i*j £i,t »e,M-P- -J = 0, it follows that 
7=1 

E[PiJ+k £,M y£i,t-\ »• • • J _ £ [ " ,*+* M,»»M,i-i »•••]— Pitt +kd 

That is, the conditional expected value of Pit+k, given the past history of the variable up 

to the present, will grow at a constant amount S for each time interval. Note also that the 

fact that the stock price follows a random walk with a drift term says nothing about the 

expected price change conditional on any subset of [Cl,\[PiJ,PiJ_li...,Pifi] }. However, 

I emphasize that, unlike equations (2.17) and (2.20), equation (2.21) does not necessarily 

imply that stock returns are serially uncorrelated. I now provide a proof of mis statement: 

E[PiMl -PiJ\Pi,t,Pi,t-l,-] = S + E[£iJ+x P^Pw-] 

i £ 1 

PiJ Pi,t Pi,t 
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p - p 
ri,t+\ ri,t 

PU 
P P 
M i.t ' * » . f - l ' =E[Ru+h>p,-^']=—n 

J AM 

Since 8/pit is not necessarily a constant over time, Rit+l are not necessarily serially 

uncorrelated. A similar conclusion can be reached even when the logarithm of stock 

prices follow a random walk: 

P - P 
In PiM - In />i>f * = y + rit+l 

i.t 

^M PU Pu 

*H*\M+i *»*.»' *iM-i • ' * *J "" 

Pu 

PuY 

Pu 

There is another interesting issue deserving further attention. In finance, the 

statement that the stock price follows a random walk is not well-defined in that diere is no 

clear distinction made between the statement that the stock price follows a random walk 

with the statement that the logarithm of the stock price follows a random walk , and with 

the statement that holding period stock returns are independendy distributed over time.54 

I will examine whether these three statements can be viewed as equivalent. Following the 

52 As will be clarified in section 2.3.4, Pit and Pit+X are best taken as dividend-

cumulative prices so that (Pu+l - Pit) is equal to (p,lt+l +^,,+1 - pitf). It follows that 

P.M+I+^M+1 " A M P -P 
ri.t+l rif 

Pu 
= E 

Pu 

53 I will provide a proof of this statement in Appendix A of this dissertation. 

54 Here a random walk could be defined according either to equation (2.17) or to 
equation (2.20). 

50 



previous notations in section 2.3, consider the following expressions for the holding period 

return /?, l«M+l 

AM+I+4M+I-AM _ _ _ Pjj+x ~ Pitl n AM 
- K:.i+i => Z = /?. »'.'+! D ~ "«.l+l n •.'•" p "», l+l p 

*i,t+l ~ M.f _ A , t 
p ~~ *\M+1 p 
' i.t ri,t 

In />>r+1 - In />,, » = R.t,+x -^-. (2.22) 

The approximation follows from the assumption that (Pit+l - Pit)/Pit is small in absolute 

value. Moreover, as previously mentioned, since Pit and Pit+X are taken as dividend-

cumulative prices, (Pil+X - Pit) is equal to (pit+x +dit+x - p i t ) . From equation (2.22), it 

is evident that the statement that the logarithm of stock prices follow a random walk is not 

equal to the statement that stock returns are independendy distributed unless Pit is me 

same as p i t , which is usually not the case. Furthermore, the fact that Rit+X are 

independendy distributed does not necessarily imply that (Pt; r+1 - Pit), which is equal to 

Ru+iPu • are independendy distributed. All that can be said is that if holding period 

returns are independently distributed, the stock price adjusted for the level of current 

market price follows a random walk. On the other hand, the fact that (Pt ,+l - Pit) are 

independently distributed implies that Rit,+ipi>t are independendy distributed but not 

necessarily that Ril+l, which is equal to (Pil+X - Pit)/pit, are independendy distributed. 

Consequendy, there is no equivalent relationship between the statement that the stock 

price follows a random walk and the statement that holding period returns are 

independendy distributed. A similar argument can be applied to argue tiiat the assertion 

that the stock price follows a random walk is not equivalent to the statement that the 

logarithm of the stock price follows a random walk. However, as previously mentioned, 

empirical tests of a random walk model are executed by examining whether error terms 

are serially uncorrelated. Since all the above three statements imply that stock returns are 
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55 serially uncorrelated, they cannot be empirically distinguished from one another. This 

might explain why researchers do not distinguish strictly among these three statements. 

More interestingly, even though, as just shown, die statement that (the logarithm of) stock 

prices follow a random walk (or a martingale) with constant drift term does not 

necessarily implies that stock returns are serially uncorrelated, finance researchers 

empirically view serial uncorrelatedness of stock returns as evidence consistent with the 

hypothesis that (the logarithm of) stock prices follow a random walk with drift term.56 

Unfortunately, I do not have any good explanation for the latter empirical convention. 

However, I will follow these conventions in finance literature diroughout this dissertation. 

In summary, two versions of a random walk model have been examined One is 

equation (2.17), which is defined with respect to the past history of the variable up to the 

55 If Pit and Pit+l are taken as dividend-cumulative prices, then 

£[ln^,r+1-ln^|Qr] = £ 

P 

p -p 
ri,t+l ri,t 

i.t r, 

?y 

P^ 
' P 

'i.t+l 

. Pi< 

a, 

P,. n, AM 

t.t 

£[/?,,+1|o,] = 0, 

56 See, for example, Fama and French (1988b), Lo and MacKinlay (1988), and 
Poterba and Summers (1988). In particular, Fama and French (1988b) state that: 

Since p(t) is the natural log of the stock price, the 
continuously compounded return from t to f + T is 

r(t,t + T) = p(t + T)-p(t) 
= [q(t + T)-q(t)] + [z(t + T)-z(t)]. 

The random-walk price component produces white noise in 
returns, (p. 249) 

As will be discussed in section 2.3.4 of this dissertation, except for the case in which p(t) 
and p(t + T) are respectively taken as the natural log of the time f market (ex post 
dividend) price and as the time f + T dividend-cumulative price, [p(t + T)- p(t)] is not 
equal to the continuously compounded return. However, in this case, it is inadequate to 
say that the natural log of stock prices follow a random walk, since the meaning of the 
variable change from time f to time t + T. The above quotation demonstrates that in 
practice researchers do not distinguish between increments of the log of stock prices and 
holding period stock returns. I will follow die convention throughout this dissertation. 
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present. The other is equation (2.20), which is defined with respect to the information 

available at the current time. Both versions are special cases of a martingale process with 

respect to the information available at the current time, equation (2.14), and hence are 

special cases of the empirical model for market efficiency, equation (2.5). More 

importandy, it was argued that empirical tests examining serial correlation of stock returns 

cannot distinguish among die following hypotheses: (1) stock prices follow a martingale 

process, (2) stock prices follow a random walk with respect to the past price history up to 

the present, (3) stock prices follow a random walk with respect to available information, 

(4) the logarithm of stock prices follow a martingale process, (5) the logarithm of stock 

prices follow a random walk with respect to the past price history up to the present, and 

(6) the logarithm of stock prices follow a random walk with respect to available 

information. 

2.3.4 On Notations of Stock Prices in a Martingale 
and a Random Walk Models 

In this section, I will comment on the meanings of Pit and PiJ+l in a martingale 

process and in a random walk process. One of the reasons for having this discussion is 

that in finance literature, Pit and Pit+X are not defined exactiy the same way. For 

example, Fama and French (1988b, p. 248), and Lo and MacKinlay (1988, p. 44) define 

Pit and PiJ+l respectively as the natural log of stock prices at time f and at time r +1; 

Poterba and Summers (1988, p. 29) state that "if the logarithm of the stock price, 

including cumulated dividends, follows a random walk, the return variance should be 

proportional to the return horizon." Nevertheless, all of these three articles investigate 

whether stock prices follow a random walk by examining autocorrelation in stock returns. 

I will identify three cases regarding the meanings of Pit and Pitt+X. Since a 

martingale and a random walk are time series processes, there is a starting time point of 

these processes even though the starting point could be in the infinitely distant past. In 

practice the starting time point of these processes can be arbitrarily determined without 

affecting the validity of these processes, even though one might have lost track of the past 
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behavior of a random variable. Therefore, the subscript f of Plt can refer to any time 

point. For these two processes which start at time / , there is potential ambiguity in the 

meanings of P,;, ;* = f, f +1,- • •, since mere are dividend payments on a security over 

time. Suppose that we have the following time line for security i : 

Time f f + 1 f + 2 

Cashflows d, d,+x d,+2 

Pt Pt+l Pt+2 

To avoid confusion, a slighdy different set of notations is used in the following discussion. 

Since the subscript i can refer to any security including a portfolio, it is omitted in the 

following discussion. As previously defined, d} is the dividend payment during me period 

from time j-l to time j and is assumed to be received at time j ; p, is the market price 

(i.e., ex post dividend price) at time ; right after the dividend payment. Now suppose 

that time f is taken as the starting time point. Furthermore, define pf =dj+Pj, and 

pCD = pj+^dt . In this sense, pf is called the dividend-inclusive price at time j and 
k=t 

p™ is referred to as the dividend-cumulative price at time j . As previously discussed, a 

martingale and a random walk are empirically indistinguishable. Therefore, in the 

following discussion, I will focus on a random walk process. The results can be similarly 

applied to a martingale process. Moreover, I will discuss first a random walk without a 

constant drift term and then a random walk with an adjustment to a constant drift term. 
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I first define a random walk without drift in the following three formats:57 

Pj+l=E[Pj+l^j] + ^jH=Pj+^ 

=» Pj+x ~ Pj = Vj+i, 

y+i (2.23) 

P°+l = E[p°+xClJ] + Tj+x=P
I>+Tj+l 

=> P M " Pj = Pj* + dj+l - Pj - d} = T;+1, 

(2.24) 

P%=E[p%n,] + eJ+i=PjD+ej+x 

v „CD _C£> _ „ , J „ _ „ 
=> P , + l " Pj ~ Pj+l + ",+1 ~ P ; = «>+l • 

(2.25) 

There is nothing wrong with equations (2.23) and (2.24) as a definitional statement of a 

random walk process. One can examine whether or not the time series behavior of the 

stock price complies with either of these equations. However, equations (2.23) and (2.24) 

have little economic meaning in that equation (2.23) neglects the existence of the dividend 

payment dJ+l and equation (2.24) ignores other possible reinvestments of the dividend 

57 I could add other formats: 

(1) p% = E[p% Clj] + 7tj+1 = Pj +KJ+l Pj+i + dhx - Pj = 0,+1, 

(2)lnp,D
+1-lnp,.« 

Pj+i+dj+l-pj 

Pj 
M ;+i • 

Although format (1) provides the incremental cash flow (pj+l +dj+l - Pj) and format (2) 

produces the holding period return, stricdy speaking, they may not be referred to as a 
random walk in that the meaning of a variable changes from at time ; to at time y* + l. 
That is, according to the above equations, neither the market price (i.e., ex post dividend 
price) nor the dividend-inclusive price follows a random walk. 
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58 payment ds. Consequendy, investors never know how much return they can get 

according to equations (2.23) and (2.24). More importantly, it is conceivable diat 

equations (2.23) and (2.24) do not imply that holding period returns 

(Pj+i +dj+x - Pj)/Pj are serially uncorrelated. On the other hand, equation (2.25) 

provides information about the incremental cash flow generated by the stock between time 

j and time j + 1 , which is equal to (pj+l + dj+x -pj). This information, coupled with 

knowledge of p t , enables investors to form a conditional expectation of the next-period 

return. More importandy, from the discussion in sections 2.3.2 and 2.3.3, equation (2.25) 

implies that holding period returns are serially uncorrelated. This is the sense in which 

equation (2.25) is a more meaningful definition of a random walk model than equations 

(2.23) and (2.24). Therefore, when the stock price Pi} follows a random walk without 

drift term, it makes more sense to denote Pitj as the time j dividend-cumulative price. 

Now suppose that equations (2.23), (2.24), and (2.25) are defined in terms of the 

logarithm of stock prices rather than in terms of stock prices: 

In pj+l - In pj * - ~ j j — - = r / M , (2.26) 

, D , D Pj« " Pj Pj+l+dJ+l-Pj-dJ • n r n 

l n p y + 1 - l n p y - 5 = - 5 = Ty+1, (2.27) 

CD _ CD . i 

1 CD , CD Pi* Pj Pi* "M Pj • (~> OQ\ 
l n p ; . + 1 - l n p y -to = ~CD = «;+!• (2-28) 

58 Putting it another way, equation (2.24) implicidy assume that d} is reinvested to 

generate pj+x and dj+l. However, only p} is used to generate p ; + 1 and dj+l. 
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It is evident that equations (2.26) and (2.27) do not imply that holding period returns are 

serially uncorrelated, while equation (2.28) implies that holding period returns are serially 

uncorrelated. Therefore, even when the logarithm of stock prices follow a random walk, 

it still make more sense to define Pitj as time j dividend cumulative price. 

I now define a random walk with an adjustment to a constant drift term in the 

following three forms: 

Pfr\ = £[Py+ i QJ1 + fy+i = P- + Pj + K. 

=> Pj+i~Pj =M + ^y+i. 

y+i (2.29) 

P%1 = ElP%l &j J + *>+l = 7 + P j + P/+1 

=> P%\ - P°} = Pj+i + dj+l - Pj -dj=y + (pj+x, 

(2.30) 

pZ = E[p% Q,] + ej+l =X + p™+ £j+l 

=> P™i ~ PT = Pj+i + dj+l -Pj=X + £;+1. 

(2.31) 

Again, equations (2.29) and (2.30) have little economic meaning in that equation (2.29) 

neglects the existence of the dividend payment dj+l and equation (2.30) ignores other 

possible reinvestments of the dividend payment d}. Consequendy, investors never know 

how much incremental cash flow they can get according to equations (2.29) and (2.30). 

59 Since equation (2.28) implies that £ 
Pj+i+dj+l-Pj 

Pj 
CD 

-co- E[PJ+1 + dJ+l - Pj \CI, ] = 0, it follows that E[RJ \C1,]= E 
Pj 

— E[pj+l+dj+x-Pj\Cl,] = 0. 
Pj 

Pj+i+dj+1 Pj 

Pj 
CI. 
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On the other hand, equation (2.31) provides information about the incremental cash flow 

generated by the stock between time j and time j +1, which is (pj+l +d +x- p). In 

this sense, equation (2.31) is a more meaningful definition of a martingale model than 

equations (2.29) and (2.30). However, just as with equations (2.29) and (2.30), as shown 

in section 2.3.3, equation (2.31) does not necessarily imply that holding period returns 

(pj+l + dj+x - Pj )/pj are serially uncorrelated. Now suppose that equations (2.29), 

(2.30), and (2.31) are defined in terms of the logarithm of stock prices: 

Pj+i ~Pj 
In pj+x - In pj « = /i + 7tj+l, (2.32) 

Pj 

* D , D Pf+i"Pf Pj+i+dj+x-Pj-dj 
In pf+l - In pf —D = -5—'- '- = y' + <p;+1, (2.33) 

CD CD , j 

]nnCD .CD Pj* ~ Pj Pj+l+dj+x-Pj 
]npj+l-]npj -eg = ~c5 = A + £ M . (2.34) 

Like equations (2.29) and (2.30), equations (2.32) and (2.33) have little economic 

meaning. It is conceivable that since pCjD > pj, (In pc?x - In p™) of equation (2.34) 

tends to underestimate the holding period return. The reason is that equation (2.34) 

ignores returns on other possible reinvestments of the previous dividends. Moreover, it 

follows from the preceding discussions that equations (2.32), (2.33), and (2.34) do not 

necessarily imply that holding period returns are serially uncorrelated. However, as 

mentioned in section 2.3.3, finance researchers typically regard serially uncorrelated 

returns as evidence consistent with the hypothesis that the logarithm of stock prices follow 

a random walk with drift term. In this sense, equations (2.31) and (2.34) are empirically 

better than equations (2.29), (2.30), (2.32), and (2.33). 
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Therefore, although the evidence that stock returns are serially uncorrelated is 

consistent with equations (2.25) and (2.28), which states that (the logarithm of) dividend-

cumulative prices follow a random walk without a constant drift term, but not consistent 

with equations (2.31) and (2.34), which say that (the logarithm of) dividend-cumulative 

prices follow a random walk with a drift term, it can be seen from the preceding discussion 

that it makes more sense to define Pi} as the time j dividend-cumulative price in a 

random walk and a martingale process. 

2.4 Review of the Empirical Literature on Market Efficiency 

The previous sections of this chapter explored the theoretical and empirical aspects 

of market efficiency. As a sequel to these discussions, the current section offers a review 

of empirical studies related to the efficient markets hypothesis. Since there has been a lot 

of empirical research on market efficiency, it is difficult, if not impossible, to give a 

thorough survey of empirical results for market efficiency in this dissertation. Moreover, 

there have been several excellent surveys on market efficiency, see, for example, Fama 

(1970, 1991), Merton (1987), Leroy (1990), and Bollersler and Hodrick (1992). This 

section will instead focus on die issues closely related to the topic of this dissertation. 

Section 2.4.1 is devoted to the predictability of stock returns. Section 2.4.2 

reviews the empirical research on autocorrelation in stock returns, and discusses the 

meaning of mean reversion in stock returns and its implications for market efficiency. 

2.4.1 Predictability of Stock Returns 

When researchers examine the elements in an information set to determine if they 

have predictive power for future stock returns, there are a lot of positive findings. One 

area of empirical research focuses on whether the information contained in the bond 

market can predict (excess) stock returns.60 One important feature of the bond market is 

60 Here, excess stock returns are usually defined as the difference between stock 
returns and short-term interest rates. For example, the monthly excess return could be 
defined as the difference between the monthly stock return and the one-month t-bill rate. 
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that the expected yield for a bond which will mature in the future is known at the current 

time. When die bond market determines the expected yield of a bond, it will use as input 

the available information about the future economy. In this sense, interest rates in the 

bond market may contain some information which is useful in predicting stock returns. 

This might explain why the bond market-related information can be used to predict stock 

returns. The basic regression used in this area of research takes the following form: 

R, = a + pK,_x + x, 

where R, is the time f (excess) return either on an equally-weighted or value-weighted 

portfolio of NYSE stocks, and K,_x is the time f - 1 monthly or longer term interest rate. 

Using data from the January 1953 to July 1971 period, Fama and Schwert (1977) run the 

above regression61 and find that j5 is negative and significandy different from zero, 

although the adjusted R2 is quite low (approximately 0.03). Breen, Glosten, and 

Jagannathan (1989) also find significant and negative relationships between excess stock 

returns and interest rates for the sample period from April 1954 to December 1986.62 In a 

later study, Campbell (1987) first extracts from the term structure of interest rates at the 

start of the month instruments such as the one-month t-bill rate, the spread between the 

two-month and one-month rate, the spread between the six-month and one-month rate, 

61 In fact, they use the interest rate K,_x as a proxy for expected inflation, for they 
try to investigate whether stock returns are a good hedge against expected inflation. 

62 Fama and Schwert (1977) set up a trading strategy to test whether there is profit 
opportunity from this statistically significant relationship between stock returns and 
interest rates, and find that die trading strategy is not reliably better than the policy of 
buying and holding common stocks. Fama and Schwert then conclude that since the 
statistically significant relationship between stock returns and interest rates cannot reliably 
identify periods when stock returns are less than yields on bills, this statistically significant 
evidence is not economically significant. However, using a different measure of economic 
importance, Breen, Glosten, and Jagannathan (1989) show that the forecasting ability of 
treasury bill rates on stock returns is economically significant. 
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and the lag of the spread between the two-month and one-month rate. Campbell then 

regresses monthly excess stock returns (monthly stock return minus one-month bill rate) 

on those instruments. Since the coefficients for most of tiiese variables show up as 

significant, Campbell concludes that the state of the term structure of interest rates has 

predictive power on excess stock returns. Some of the empirical results in the above three 

studies are summarized in Table 2.1. 

Table 2.1 
A Summary of the Predictive Power of the Bond 
Market-Related Information on Stock Returns 

Study Sample Dependent Coefficient estimates R 

*M,M ^2,/-l K3,_x XA,_X 

F&S(1977) 

BG&J(1989) 

Campbell(1987) 

0.03 

0.02 

1953-1971 VR, -5.5 
(1.85) 

1954-1986 EVRt -2.37 
(2.91) 

1959-1979 EVR, -3.222 -41.891 0.376 27.862 0.112 
(1.734) (2.023) (0.0348) (3.546) 

Note: The dependent variable is either the value-weighted NYSE stock return VR, or 
in excess of one month T-bill rate EVRt. The independent variables KXI_X, K2J_X, 

Kit_x, and KA ,_x are, respectively, the one-month T-bill rate, the spread between 

the two-month and one-month rate, the spread between the six-month and one-
month rate, and the lag of the spread between the two-month and one-month rate. 
The numbers in parendieses are f statistics. The result of F&S (1977) is taken 
from Fama and Schwert (1977, equation 11, p. 135). The result of BG&J(1989) is 
extracted from Breen, Glosten, and Jagannathan (1989, Table EI, p. 1182). The 
result of Campbell (1987) is from Campbell (1987, Table 2, p. 378). Note that for 
Campbell's results, the significance level of the hypothesis that all the four 
coefficients are zero, based on a heteroscedasticity-consistent Wald test is 0.06%. 
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A second area of empirical research focuses on the predictive power of equity-

related information on (excess) stock returns. The basic intuition behind this area of 

research utilizes the following valuation model: 

^, g ( A . , Q . ) ^ g,q>,»j) „ 
P. = L~ = L~ — (2.35) 

Mfl(i+£(/j,Jn,)) w n ( i + ^ ) 
*=1 *=1 

where Pt is the stock price at time t, E, [D,+j ] is the expected dividend for time t+ j 

conditional on die information available at time f, and E,[R,+j] = r,+j is the expected 

return for time f + j conditional on the information available at time f. Note that 

according to equation (2.35), when there is a change in expected returns, die current stock 

price changes. Putting it another way, the past and current variation in prices could reflect 

the variation of future expected returns in a possibly noisy manner due to the variation of 

expected dividends, shocks to expected dividends, and shocks to expected returns. 

Consequendy, past and current stock prices could contain some information about future 

stock returns and hence could be used to predict future stock returns. Keim and 

Stambaugh (1986) construct the following two instruments to capture the variation of 

stock returns: 

-]n(SP(_x[SP,-i) and-(]n~PQi),_x 

where SP,_X is the level of the real Standard and Poor's Composite Index at the end of 

month t -1, SPt-i is the average of the year-end real index over the 45 years prior to the 

63 For a derivation of equation (2.35), see Blanchard and Watson (1982). 
Equation (2.35) is in fact the well-known present value model for the stock price. Since 
r,+k in equation (2.35) is assumed to change over time, it will be referred to as the time-
varying expected return present value model diroughout this dissertation. 
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year containing month f - 1 , and (In PQi ),_x is the natural logarithm of time t - 1 share 

price, averaged equally across the quintile of the smallest market values (price x number 

of shares outstanding) on the NYSE. Keim and Stambaugh document that these two 

predetermined variables have predictive power on excess stock returns and thus contain 

information about changes in future expected returns (or premiums). Some of the results 

of Keim and Stambaugh (1986) are summarized in Table 2.2. 

Table 2.2 
An Excerpt from Keim and Stambaugh's (1986) Empirical 

Results of the Predictability of Stock Returns 

Dependent 
variable 

R5, 

R3, 

Rl, 

Coefficients on regressors 

-\n(SP,_xfSPt. 

0.0061 
(1.90) 

0.0056 
(1.38) 

0.0077 
(1.21) 

-i) R2 

0.005 

0.002 

0.002 

or 

and/?2 

-(InPeOr-i 

0.0059 
(1.99) 

0.0086 
(2.26) 

0.0156 
(2.23) 

R2 

0.006 

0.008 

0.014 

Note: The sample period is 1928-1978. R5, is the monthly return of quintile of 
largest NYSE stocks in excess of one-month T-bill rate. R3, is the monthly 
return of middle quintile of NYSE stocks in excess of one-month T-bill rate. 
Rlt is the monthly return of quintile of smallest NYSE stocks in excess of 
one-month T-bill rate. The independent variable could be either 
-]n(SPt_xfSP,-i) or -QnPQi),_x where SPt_x is the level of the real Standard 

and Poor's Composite Index at die end of month f - 1 , SPt-i is the average of 
the year-end real index over the 45 years prior to the year containing month 
t - 1 , and (In PQ\ )t_x is the natural logarithm of time f - 1 share price, 
averaged equally across the quintile of the smallest market values (price x 
number of shares outstanding) on the NYSE. The quoted results are taken 
from Kiem and Stambaugh (1986, Table 2, p. 369). 
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Now if we are willing to assume that expected returns are constant over time and 

to assume that expected dividends grow at a constant rate g, then we can simplify 

equation (2.35) as follows: 

P-=7T; =» ' = % • + * (2-36) 

where r is the constant expected return. Note that equation (2.36) is derived under a 

discrete-time and perfect-certainty world. It tells us that in the real world, the dividend 

yield Dt+X jP, could have predictive power on die next-period return, although it could be 

blurred by the existence of dividend growth effect. Using this line of argument, Fama and 

French (1988a) run the following regression: 

Rt,t+Q=a + bY,+e,>t+Q (2.37) 

where R,t+Q stands for either nominal or real (inflation-adjusted) returns during the period 

from time f to time f + Q on the equally- and value-weighted portfolios of NYSE stocks, 

Y, is a proxy either for DjPt_x or for DjP,, and e,t+Q is the residual term. Note that 

both Dt/P,_x and Dt/Pt are formed from the information available at time f and are 

measured on an annual basis to avoid seasonal effects. D, is obtained by summing the 

monthly dividends across stocks for the year preceding time f and P, is the value of the 

portfolio at time t. Equation (2.37) could be rewritten in a slighdy different form as 

follows: 

Rt,t+\ =ax+bxY,+e,t+l1 

Rt+i,t+2 = ai +b2Y, +e,+xt+2, 

• • • 

Rf+Q-U+Q = QQ +^oXt + et+Q-\,t+Q • 
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The idea here can become more clear in terms of the following diagram: 

time f f + 1 f + 2 f + 3 + 3 ... f + 0 - 1 f + g 

return Rtt+X R,+l>,+2 /?r+2>,+3 ••• Rt+Q-U+Q 

information Y, 

The equations above can be summed in the following manner: 

Rf,t+Q = Rtj+i ~*~Rt+i,t+2~*~"-+Rt+Q-i,t+Q 

= (ax +.. .+aQ) + (bx +.. .+bQ )Y, + (eM+1 +.. .+e,+Q_x,+Q). (2.38) 

Equation (2.38) says that if Y, has equal predictive power on each of future one-period 

expected returns, R,+jj+j+x where j = 0,1,...,Q - 1 , then the coefficient of Y, in equation 

(2.37) should grow in proportion to Q. Moreover, if Rt+jtt+j+x are serially uncorrelated 

such that the standard deviation of R,tt+Q grows proportionally to Q and if the coefficient 

of Y, in equation (2.37) grows proportionally to Q, the standard deviation of the residual 

in equation (2.37) should grow proportionally to Q, too. This follows from the fact that 

Y, is by construction uncorrelated with e,+jt,+j+x. Fama and French (1988a) find that 

dividend yields can predict expected returns and this predictive power, measured by R2, 

increases with the time-horizon of expected returns.64 Some of die results in Fama and 

French (1988a) are reproduced in Table 2.3. It can be seen that the coefficient b 

increases roughly in proportion to Q for horizons of one or two years and grows less than 

in proportion to Q for longer horizons. Specifically, from the above results, the 

64 Hodrick (1992) argues that the fact that a small portion of short-horizon stock 
returns is predictable is consistent with the fact that a large portion of long-horizon stock 
returns is predictable. 
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coefficient grows more dian in proportion to Q for montiily and quarterly returns, and for 

1-year and 2-year returns, but less than in proportion to Q for longer horizons. 

Moreover, the standard error of the residual term grows less than in proportion to the 

return horizon. Therefore, the behavior of b and s(e) suggests that ex-post stock returns 

are negatively autocorrelated, especially long-horizon stock returns, and this is consistent 

with the existence of a stationary component in stock prices.65 It can also be seen that the 

residual standard error grows less than the standard error of expected returns (i.e., the 

magnitude of b) as the time horizon increases. Consequendy, die predictive power of 

Table 2.3 
An Excerpt from Fama and French's (1988a) Empirical 

Results of the Predictability of Stock Returns 

Return horizon 

Q 

Month 

Quarter 

1-year 

2-year 

3-year 

4-year 

b 

0.28 

1.26 

3.35 

8.77 

11.53 

14.43 

t(b) 

1.83 

2.48 

1.72 

2.59 

2.93 

3.25 

R2 

0.00 

0.02 

0.03 

0.15 

0.21 

0.29 

s(e) 

0.06 

0.11 

0.20 

0.28 

0.30 

0.31 

Note: The sample period is 1927-1986. The dependent variable Rttt+Q is die real 

return of the value-weighted NYSE portfolio for time f to time f + Q. The 
independent variable is D,/P,. t(b) is the f statistic of b and s(e) is the 
standard error of the residual term. The quoted results are taken from Fama 
and French (1988a, Table 3, p. 12) 

65 Section 2.4.2 will give a detailed explanation on the meanings of the stationary 
component in stock prices and of mean reverting stock returns, and on their implications 
for the efficient markets hypothesis. 
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dividend yields on stock returns increases with the time horizon of stock returns, which in 

turn is consistent when these dividend-yield predictable expected returns are positively 

autocorrelated (in short horizon), but mean reverting. Fama and French (1988a) then 

conclude that this behavior of the slopes suggests that expected returns are highly 

autocorrelated but slowly mean reverting. However, it seems that this conclusion is a bit 

strong in that equation (2.37) is not necessarily a complete model for expected returns. 

Therefore, all we can say is that the dividend-yield predictable component of expected 

returns, not necessarily the whole expected return, is highly autocorrelated but slowly 

mean reverting. 

In addition to Fama and French (1988a), there is some other evidence of the 

predictive power of dividend yields on stock returns. For example, Campbell and Shiller 

(1989) find that stock returns are predictable by the logarithm of the real dividend/price 

ratio. Some of the results of Campbell and Shiller (1989) are reproduced in Table 2.4. 

Hodrick (1992) reports that dividend yields predict stock returns. Table 2.5 summarizes 

some of the results of Hodrick (1992). Bekaert and Hodrick (1992) also document that 

excess rate of returns are predictable by lagged excess returns, dividend yields, and 

forward premium. Some of the results of Bekaert and Hodrick (1992) are summarized in 

Table 2.6. Moreover, French, Schwert, and Stambaugh (1987) use both ARIMA and 

GARCH to estimate the predictable component of stock return volatility and find that 

there is a positive relationship between die risk premium of die value-weighted portfolio 

of NYSE stocks from 1928 to 1984 and die predictable volatility of returns on this NYSE 

portfolio.66 Some of the results of French, Schwert, and Stambaugh (1987) are 

reproduced in Table 2.7. 

661 now emphasize the fact that stock returns can be predicted by the 
predetermined volatility of stock returns is consistent with market efficiency regardless of 
what kind of equilibrium return generating model is employed. This can be seen by re-
examining the previously discussed empirical market efficiency model (equation 2.9): 

Rt = E[R, \C1,_X ] + et. Note that this model implies that E[e, \C1,_X ] = 0. However, it does 

not rule out die possibility that Ef^lQ^J = f(Cl,_x) * 0 where a * 1 and / ( • ) is a 
function of • . Moreover, since the predetermined volatility is estimated from the current 
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A third area of empirical research focuses on the predictive power of 

macroeconomic variables on stock returns. It is reasonable to suspect tiiat stock prices 

should reflect economic activities. If these economic activities are autocorrelated in some 

manner, it is possible to use these economic-related variables to predict stock returns. As 

discussed earlier in this section, Fama and Schwert (1977) document diat there is a 

statistically significant relationship between stock returns and inflation rates. Furthermore, 

Balvers, Cosimano, and McDonald (1990) find that stock returns are a predictive function 

of the aggregate industrial output and the deteiministic time trend. Moreover, they 

suggest that this predictability, measured by R2, increases with die horizon of stock 

returns. Some of the results in Balvers, Cosimano, and McDonald (1990) are reproduced 

in Table 2.8. 

Table 2.4 
An Excerpt from Campbell and Shiller's (1989) Empirical 

Results of the Predictability of Stock Returns 

Dependent variable 

^»+i 

Coefficients 

* ! , 

0.154 
(1.77) 

on regressors 

%2J 

-0.385 
(1.81) 

R2 

0.108 

Joint significance 
of coefficients 

0.031 

Note: The sample period is 1926-1986. Rt+X is the real return of value-weighted 
NYSE for die period from time f to time f +1 . Xx, is die logaridim of the 

ratio of the real dividend paid during the period from time f - 1 to time r to 
the real stock price at time f. X24 is die logarithm of the ratio of die real 

dividends paid during die period from time f - 2 to time f - 1 to the real 
dividends during the period from time f - 1 to time f. f statistics are 
expressed in parentheses. The results here are taken from Campbell and 
Shiller (1989, Table 4, p. 213). 

available information, it is in fact an element in the current available information set. Note 
also that in setting up this empirical market efficiency model, we do not spell out any 
specific form of the return generating process. Therefore, it is safe to say that a GARCH 
model is consistent with market efficiency no matter what kind of equilibrium expected 
return model is employed. 
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Table 2.5 
An Excerpt from Hodrick's (1992) Empirical 
Results of the Predictability of Stock Returns 

Dependent 
variable 

ln(tf l+1) 

Coefficients on ] 

* i . 

0.110 

(1.75) 

^2.1 

3.941 

(1.20) 

regressors 

•*3,» 

-4.738 
(2.01) 

R2 

0.02 

Joint confidence 
of coefficients 

0.980 

Note: The sample period is 1927-1987. ln(/?,+1) is the logarithm of one plus monthly 

real return of value-weighted NYSE and hence can be approximately taken as monthly 
real return. Xxt is the lag of \n(Rt+x). X2, is a measure of dividend yield for the 

past year (for details, see Hodrick, 1992, Appendix A, p. 383). X3J the one-month 

T-bill return relative to its previous 12-month moving average. Note that these results 
are obtained through first-order vector autoregression. f statistics are expressed in 
parentheses. The results here are taken from Hodrick (1992, Table 1, p. 368). 

Table 2.6 
An Excerpt from Bekaert and Hodrick's (1992) Empirical 

Results of the Predictability of Stock Returns 

Dependent Joint confidence 
variable Coefficients on regressors R2 of coefficients 

R\,t Ris RSis DYu DY2.t PPij 

Rxt+X 0.13 -0.15 -0.02 31.17 -35.62 -6.97 0.063 0.99 

(1.08) (1.67) (0.17) (2.13) (1.68) (2.37) 

Note: The sample period is 1981-1989. Rx, and Ru are, respectively, the excess equity 

market monthly returns in the U S A and Japan, and are constructed from Morgan 
Stanley capital international and Ibbotson Associates. RS2J is the excess dollar rate 

of return on the Japanese currency money market investment DYU and DY2t are, 

respectively, die dividend yields in the USA and Japan. FP2t is the forward premium 

on Japanese Yen in terms of U.S. dollars. For a detailed description of these variables, 
see Bekaert and Hodrick (1992, p. 469). Note tiiat these results are obtained through 
first-order vector autoregression. f statistics are expressed in parentheses. The 
results here are taken from Bekaert and Hodrick (1992, Table HI, p. 478). 
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Table 2.7 
An Excerpt from French, Schwert and Stambaugh's (1987) 

Empirical Results of the Predictability of Stock Returns 

The results are from the GARCH-in-mean mode l : 
R, = a + po2 +£,+ 6e,_x, 

a? =a + bc2_x + cx£f_x + c2£
2_2. 

Coefficient estimates 

axlO 3 p flxlO5 b cx c2 0 

0.201 2.410 0.063 0.918 0.121 -0.043 -0.157 
(2.54) (2.58) (10.50) (306.00) (17.29) (6.14) (19.63) 

Note: R, is the daily excess holding period return to the Standard and Poor's 
composite portfolio (the percentage change minus the yield on a short-term default-
free government bond). The sample period is 1928-1984. f statistics are expressed 
in parentheses. The results here are taken from French, Schwert and Stambaugh 
(1987, Table 5, p. 18). 

Table 2.8 
An Excerpt from Balvers, Cosimano, and McDonald's (1990) 

Empirical Results of the Predictability of Stock Returns 

Return horizons 

Monthly 

Quarterly 

1-Year 

3-Year 

5-Year 

* i 

0.0003 
(3.47) 

0.0026 
(3.45) 

0.039 
(3.01) 

0.057 
(2.55) 

0.102 
(3.31) 

b2 

-0.097 
(3.69) 

-0.290 
(3.68) 

-1.096 
(3.26) 

-1.701 
(2.99) 

-2.997 
(3.89) 

JP 

0.028 

0.072 

0.206 

0.298 

0.510 

Note: The regression is: \n(Rt+x) = b0 + bxt + b2]n(y,) + ut+x. The sample period is 
1947-1987. #,+1 is one plus the real return of value-weighted NYSE stocks, f is 
the time point, y, is the real industrial production. The results here are taken from 
Balvers, Cosimano, and McDonald (1990, Table II, p. 1119). 
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In summary, there has been a great deal of research on the predictability of stock 

returns. However, these results say nothing about market efficiency. In order to link 

these empirical results with market efficiency, an equilibrium model for expected returns 

must be explicidy specified. For example, if one insists that expected returns are constant 

over time, then die predictability of stock returns implies that the stock market is not 

efficient On die other hand, predictable stock returns are not inconsistent with time-

varying expected returns when die stock market is efficient These points will be 

discussed in detail in section 2.4.2. 

2.4.2 Autocorrelation and Mean Reversion in Stock Returns 

One area of empirical research of market efficiency concerns the presence of 

autocorrelation and mean reversion in stock returns. As a prelude to a review of the 

empirical results related to autocorrelation and mean reversion in stock returns, I start 

with a discussion of empirical testing for the constant expected return model. Tests of die 

constant expected return market efficiency hypothesis hinge on the following hypothetical 

return generating model: 

Rt = E[Rt \C1,_X ] + e,=r + e, (2.39) 

where R, is the (real) stock return for the period from time f - 1 to time f, Cl,_x is the set 

of information available at time f - 1 , r is the (real) expected return conditional on Ci,_x 

and is constant over time, and E[e, fo,_x ] = 0, which implies that Cl,_x and e, are 

orthogonal Since r is constant, any information in Cl,_x should not have any ability to 

predict expected returns different from r. In other words, if the constant expected return 

model is correct, there should be no predictable component in future stock returns, given 

the information available at the beginning of die period. The standard approach to testing 
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this constant expected return model is to regress the ex post or mean-adjusted returns67 on 

the elements in the information set. Under this scenario, the test model can be specified as 

follows: 

R,=a+ It_,P + r],, (2.40) 

H0:P = 0, 

Ha:p*0 

where It_j is a (1 x k) vector of elements in the information set Cl,_x, P = [/J,, /^,... pk ] , 

and n, is the residual term. If p is significantly different from zero, this means that stock 

returns are predictable by It_t. In such cases, if one insists on the correctness of the 

constant return model, the stock market must be inefficient. However, if we insist that the 

stock market is efficient, significant nonzero P leads to the rejection of die constant 

return hypotiiesis. Therefore, the evidence that stock returns can be predicted using any 

information available at the current time is not consistent with the joint hypothesis of the 

constant expected return model and market efficiency. If p is not significantly different 

from zero, this is evidence consistent with both the constant expected return model and 

market efficiency. Under the assumption that equation (2.39) is the correct return 

generating model, I can link die size of /,_, in equation (2.40) with different forms of 

market efficiency proposed in Fama (1970). If /,_, in equation (2.40) is taken as a subset 

of the past history of stock returns up to the present, then the stock market is said to be 

efficient in the weak form sense when P in equation (2.40) is not significandy different 

from zero. If /,_, in equation (2.40) is taken as a subset of public information available at 

time f - 1 , then the stock market is said to be efficient in the semi-strong form sense when 

P in equation (2.40) is not significandy different from zero. If /,_, in equation (2.40) is 

67 Since the constant expected return is not observable, the sample mean is used as 
a proxy. Therefore, mean-adjusted return is taken as the difference between the actual 
(real) return and the sample mean. 
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taken as a subset of information available at time f - 1 , then the stock market is said to be 

efficient in the strong form sense when j3 in equation (2.40) is not significandy different 

c 68 

from zero. 

When It_j in equation (2.40) is taken as a subset of the past return history up to 

the present, P in equation (2.40) in fact could be die serial correlation of stock returns. 

For example, if /,_, in equation (2.40) is taken as R,_x, P in fact is the first order 

autocorrelation in stock returns. As mentioned in sections 2.3.2 and 2.3.3, researchers 

also test for models such as a martingale process and a random walk process by looking at 

the serial correlation of stock returns. In this case, autocorrelation in stock returns offers 

no clues to empirically distinguish among the martingale hypothesis, the random walk 

hypothesis, and the constant expected return hypothesis.69 

2.4.2.1 Autocorrelation in Stock Returns and Stationary 
Components in Stock Prices 

In his first survey on efficient markets, Fama (1970) concludes mat though there is 

consistent evidence of positive dependence in short-term price changes or returns as found 

in significant serial correlation, it is consistendy close to zero and there are no more 

profits, if any, in excess of transactions costs from trading strategies based on this short-

term dependence than profits from buy-and-hold strategy. For price changes or returns 

covering periods longer than a single day, the evidence of linear dependence is more 

difficult to find. This says that there is no way to predict future returns using current and 

past returns in a linear fashion. However, French and Roll (1986) report that for small 

size firms, there is negative serial correlation of NYSE and AMEX stock returns between 

1963-1982, and the degree of negative serial correlation increases with the return horizon. 

68 For a definition of weak, semi-strong, and strong forms of market efficiency, see 
Fama (1970). 

69 In fact, it was already argued in section 2.3.3 that tests based on the 
autocorrelation in stock returns cannot help distinguish between a martingale process and 
a random walk process. 
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Using data from CRSP for the sample period from 1962 to 1985, Lo and MacKinlay 

(1988) find significant positive serial correlation of weekly and monthly holding period 

returns, and further argue that this positive serial correlation is not primarily caused by 

infrequent trading. Though there seems no obvious explanation of the differences among 

these findings, they might be caused by factors such as different methodologies, different 

sample periods, different holding-period horizons, and structural changes in the economy. 

As discussed in section 2.4.1, there is evidence that stock returns are predictable 

by current available information. From the discussion at the beginning of section 2.4.2, 

this is evidence against the joint hypothesis of the constant expected return model and 

market efficiency. On the other hand, the empirical review by Fama (1970) indicates that 

autocorrelation in stock returns is not significantly different from zero, which is consistent 

with the joint hypothesis of the constant expected return model and market efficiency. 

These two empirical results in fact do not contradict each other so much as it first 

appears,70 for the weak form market efficiency does not imply semi-strong or strong form 

market efficiency. I will offer below two possible explanations of these seemingly 

conflicting observations. One possible explanation is that if those elements that predict 

stock returns are not themselves autocorrelated, this may result in the coexistence of 

serially uncorrelated stock returns and predictable stock returns. I propose die following 

example to demonstrate this possibility. Suppose that the stock return R, is truly 

generated by the following equation: 

R, =a+bco,_x+T, (2.41) 

70 On the other hand, the evidence that current information has predictive power 
on stock returns is consistent with the evidence that serial correlation of stock returns is 
significantly different from zero, if any. This is because if there are elements in the 
information set that can predict stock returns and if these elements are themselves 
autocorrelated, this might induce significant serial correlation of stock returns, depending 
on the property of these elements. 
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where co,_x is assumed to be an element in [Cl,_x \ {/?,_,,Rt_2...}}. This implies that co,_x 

is independent of {R,_x,R,_2...}. It follows that co,_x is serially uncorrelated and is 

uncorrelated with {t,_x,t,_2...}, since (TM,fl),_2,...}c{i?Mi/(,.2...}. Moreover, since 

equation (2.41) is the true return generating model, it follows that E[r, \ci,_x 1 = 0. 

Because {T(.1,fi)(.1)...}cQM) x, is uncorrelated with {x,_x,co,_x,...}. It follows that 

Cov(R,, R,_x) = Cov(a + bco,_x +z,,a+ bco,_2 + r,_x) 

= Cov(bco,_x ,bco,_2) + Cov(t, ,bco,_2) 

+ Co v(b co,_x, x,_x) + Cov(x,, r,_x) 

= 0 + 0 + 0 + 0 = 0. 

Therefore, it is possible that some elements in the information set can significandy predict 

the next-period return and, at the same time, the hypothesis that ex post returns (or excess 

returns) are serially uncorrelated cannot be rejected. This example also justifies the 

statement in section 2.3.3 that if the (logarithm of the) stock price follows models such as 

a martingale process with respect to past returns up to the present and a random walk 

process with respect to the past history of stock returns up to the present,71 it is possible 

that stock returns could be predicted by some subset of the available information 

excluding past returns up to the present. Therefore, although the serial uncorrelatedness 

of stock returns is consistent with constant stock expected returns, it is not inconsistent 

with time-varying expected returns. That is, expected returns could be varying in such a 

way that (ex post) stock returns are serially uncorrelated. However, the evidence that 

stock returns can be predicted using some subset of {Cl,_x \{R,_x,R,_2...}} is inconsistent 

with the constant expected return model. 

71 Note that the example here applies only for the case where both the martingale 
model and the random walk model are defined with respect to the past returns up to the 
present. 
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From the preceding discussion, it can be seen that under market efficiency, serial 

uncorrelatedness of stock returns can be taken as evidence consistent with models such as 

the martingale model, the random walk model, and the constant expected return model. 

However, the link between the serial uncorrelatedness of stock returns and these models is 

rather weak. This leads to the second possible explanation. Summers (1986) proposes an 

alternative hypothesis that the (logarithm of) stock prices has two components - a random 

walk (permanent) component and a stationary (temporary) component.72 That is, 

72 The terminology follows from Summers (1986), Fama and French (1988b), and 
Poterba and Summers (1988). According to Ross (1983, p. 215): 

A stochastic process {X, ,f > 0} is said to be 
(1) a stationary process if for all n,s,tx,...tn the random vectors 

{X, ,...,X, } and {X,+S,...,X, +s} have the same joint distribution; 

(2) a covariance stationary process if E[X, J is a constant for any f and 
Cov(X,,Xt+s) does not depend on f. 

Note that case (1) is usually referred to as strict stationarity which is defined in terms of 
distribution and case (2) is also named weak stationarity which is defined in terms of the 
first two moments. Since a Gaussian process can be fully characterized by the first two 
moments, strict stationarity and weak stationarity coincide with each other when X, is a 
Gaussian process. (See Ross (1983), Kennedy (1992), and Hamilton (1994)). However, 
strict stationarity does not necessarily imply weak stationarity. One reason is that 
covariance stationarity implies the existence of the second moment, while strict 
stationarity does not. For example, if y, is independendy and identically distributed as 
Cauchy distribution, then y, is strictly stationary but not covariance stationary, since the 
variance of y, does not exist In this dissertation, weak stationarity is enough for our 
purposes. The term "permanent" refers to the case where a shock to a random walk 
process will never die out. For example, 

X, =a + X,_x+£, 

where £, is the shock at time f. Inserting X, recursively into the above model: 

X,+k =(k + \)a + X,_x + £,+k +.. .+£,. 

It can be seen that the time f shock £, never dies out. Therefore, shocks to a random 
walk process are permanent. On the other hand, the term "temporary" (or "transitory") is 
used to describe the effect of a stationary process. Suppose that we have the following 
stationary process: 
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foP,=qt+z, (2.42) 

where q, = r + q,_x + 77,. 

In equation (2.42), In Pt is the logarithm of the stock price at time f, q, is the random 

walk component in the time f stock price, z, is the stationary component, r is the 

constant drift term, and 77, is white noise. Without loss of generality, it is assumed that 

£[z,] = 0. Summers (1986) assumes that q, and z, are generated by two independent 

(or at least uncorrelated) mechanisms. Now suppose that we are trying to distinguish 

between the following two hypotheses: 

H0: R,+x = InP,+l - In />, = q,+x -qt=r + 77,+1, 

Ha: R,+x =\nP,+l -\nP, =qt+x -q,+zl+x-z, = r + r/r+1 + z,+1 - z , . 

That is, we are trying to determine whether or not there is a stationary component in stock 

prices. The main point in Summers' (1986) paper is that even when die variation of the 

random walk component accounts only for a small part of the stock price variation, 

existing statistical techniques have very low power to distinguish between these two 

hypotheses by looking only at the autocorrelation in short-term stock returns. Therefore, 

if the predictable component of stock returns is taken as the stationary component in stock 

prices, the observation by Summers (1986) could be used to explain why stock returns are 

predictable and, at the same time, the serial correlation of stock returns is not significantly 

Y, = aY,_x + e, 

where a <\ and e, is the time f shock. Inserting Y, recursively into the above model: 

Y,+k = ak+lY,_x +ake,+ak-1e,+x+...+ae,+k_x +e,+k. 

In this instance, the time f shock will fade away, since ak approaches zero as k is large. 
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different from zero. That is, it is possible that in terms of autocorrelation in stock returns, 

the effect of the predictable component in stock returns on the behavior of (ex post) stock 

returns is mosdy suppressed by that of the permanent component in stock returns. 

2.4.2.2 The Meaning of Mean Reversion in Stock Returns 

As discussed above, it is difficult to identify the stationary component in stock 

prices by looking at the autocorrelation in short-horizon stock returns. However, as /£) 

pointed out by Fama and French (1988b), it turns out that it is easier to detect this 

stationary component in stock prices by looking at the autocorrelation in long-horizon 

stock returns. The reason is that if there is a stationary component in stock prices, 

regardless of its origin, it will take some time for any stationary shock to die out The 

behavior of the stock price will not be affected by this stationary shock in die long run. In 

this sense, we say that the stock price tends to revert to its "normal" level (determined 

solely by the permanent component) in the long run. Consequently, ex post returns of 

longer horizons might give us a better indication as to whether tiiere is a stationary 

component in stock prices. Assuming that die permanent component and the stationary 

component are generated by two independent mechanisms, Fama and French (1988b) 

show that the existence of both components might make the serial correlation of ex post 

returns exhibit a U-shaped pattern with a negative minimum as the horizon of stock 

returns increases. 

I now offer a more intuitive and general approach to demonstrating the point that 

the existence of a stationary component in stock prices could cause negative serial 

correlation in stock returns at some long horizon. Suppose that we have the following 

time line: 

Time t-Q t t + Q 

Price / > . P, P, t+Q 

78 



Suppose further that there is a positive stationary shock73 at time t so that P, increases 

and is larger than what it should be without the positive stationary shock. Therefore, we 

expect that 

\nP,-lnP,_Q^^-^=Ru_Q>r14 

rt-Q 

where r is the constant drift term from the random walk component and is the grand 

mean of stock returns. Since this is a stationary shock, it will die out in the long run. 

Assuming that Q is large enough so that Pl+Q will not be affected by the stationary shock 

at time f and revert to the level which is solely determined by the permanent component, 

we can further expect that 

P — P 
lnPt+Q-lnP, « t+Q '=Rt+Qi, <r. 

*t 

If we look at the correlation between R,_Q, and R,t,+Q, we can see that this stationary 

shock will induce negative autocorrelation in stock returns at some Q. That is, stock 

returns will move around the grand mean r. Therefore, the stationary component in stock 

73 

Note that the following argument can be similarly applied to the case in which a 
stationary shock is negative. 

4 Note that even if R,_Qt, is defined as (P, - P,_Q )/pt-Q where p,_Q is die time 

t-Q market (ex post dividend) price, the same results still follow. 

75 Note that unlike the proof by Fama and French (1988b), the intuitive argument 
offered here does not make the assumption that the stationary component and the 
permanent component are generated by two independent (or at least uncorrelated) 
mechanisms. Therefore, it is possible that the serial correlation of stock returns at some 
horizon is negative even when the stationary component and die permanent component 
are dependent on each other in some manner. 
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prices induces mean reversion in (ex post) stock returns. However, this stationary 

component in stock prices will cause stock prices to move around the levels solely 

determined by the random walk (permanent) component, but not around the grand mean 

of stock prices. Therefore, it can be seen that "mean reverting stock return" is in fact a 

more adequate terminology for the phenomenon induced by the stationary component in 

stock prices than "mean reverting stock prices." Therefore, unlike previous finance 

literature in which researchers usually use "mean reverting stock prices," this dissertation 

adopts "mean reverting stock returns" to indicate the existence of stationary components 

in stock prices. 

I now advance a caveat for the preceding discussion that mean reverting stock 

returns do not necessarily require (ex post) stock returns to have negative serial 

correlation at all horizons. Therefore, positive autocorrelation in (ex post) short-term 

stock returns is not necessarily inconsistent with mean reverting stock returns, though it 

does not support the mean reverting stock return hypothesis. To be more specific, short-

term stock returns can exhibit either negative or positive serial correlation, depending on 

the property of the stationary component in stock prices. The most important implication 

of the stationary component in stock prices for the behavior of stock returns is that as Q, 

the return horizon, becomes large enough, we expect to see negative serial correlation of 

stock returns if there really exists a stationary component in stock prices. 

I now offer a simple example to support this argument. Suppose that we have a 10-year 

sample of monthly continuous returns on XYZ stock and plot those observations in Figure 

2.1.76 It is easy to see from the diagram below that stock returns are mean reverting. If 

we look at the serial correlation of these monthly returns, we would expect to see a 

positive autocorrelation.77 Now, if we form a sample of 10-year annual returns from the 

76 Note that this diagram shows a perfect case of mean reverting stock returns. 
This should be viewed as a special case, since there are numerous ways to draw a diagram 
of mean reverting stock returns. 

77 This can be easily seen by looking at the autocorrelation formula: 
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same observations as the above, by summing every 12 adjacent monthly return, a plot of 

these annual returns is shown in Figure 2.2 below. It can be seen that the serial correlation 
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Negatively Autocorrelated Stock Returns 

P = 
Cov(R,,R,_x) 

c2(Rt) 

i 120 _ _ 

where Cov(R,iR,_x) = —T^(<Rt ~R)(Rt-i ~R>> 
1 1 " t=2 

Note that R is the sample mean. It is evident that (R, -R)(R,.X - /?) is always positive 

except for the cases in which one of them is above R and the other is below R . 
Therefore, we expect to see that Cov(R,,R,_x) is positive for these monthly stock returns. 
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of these annual returns is likely to be negative. This example demonstrates that mean 

reverting stock returns do not require the serial correlation of stock returns to be negative 

at all horizons but only to be negative at some long horizon 

Fama and French (1988b) regress R,t+Q on R,_Q, to examine the serial correlation v 

of NYSE stock returns on decile size portfolios, industry portfolios, an equally-weighted 

portfolio, and a value-weighted portfolio. For the 1926-1985 sample period, though the 

subperiod result is not very encouraging, the autocorrelation pattern of stock returns is 

consistent with the hypothesis that stock prices have a slowly decaying stationary 

component. The autocorrelations of 3-5-year returns are significandy negative and reach 

their minimal values. This stationary component accounts for about 40% of 3-5-year 

return variance for small-firm portfolio and about 25% for large-firm portfolio. However, 

mean reversion in stock rturns is not unanimously supported across size- and industry-

portfolios. The value-weighted NYSE portfolio exhibits similar results, although the 

finding on the value-weighted NYSE portfolio is not so convincing as that on the equally-

weighted NYSE portfolio. Some of the results of Fama and French (1988b) are 

summarized in Table 2.9. 

Table 2.9 
An Excerpt from Fama and French's (1988b) Empirical 

Results of Mean Reversion in Stock Returns 

Portfolio 

Equal-

Value-

1 

-.0.07 

-0.05 

Estimates of autocorrelation coefficients of returns 
with different horizon (Years) 

2 

-0.26 

-0.24 

3 4 5 6 

-0.39* -0.46* -0.47* -0.29 

-0.32* -0.19 -0.07 0.09 

8 

-0.14 

0.10 

10 

-0.06 

-0.08 

Note: The sample period is from 1926 to 1985. The stock returns are the real 
returns of the equally- and value-weighted NYSE portfolios. The results 
here are taken from Fama and French (1988b, Table 2, p. 258). * indicates 
the autocorrelation coefficient is more than two standard deviations from 
zero. 
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Q Poterba and Summers (1988) examine the stock price behavior using a variance-

ratio test on monthly data. Although the random walk hypothesis cannot be rejected at 

the conventional 5% level, they find that ex-post returns show positive autocorrelation 

over short horizons, but stronger negative autocorrelation over longer horizons. 

Moreover, this finding is consistendy true across U.S. and 17 other countries. They 

conclude that the finding is consistent with the existence of the stationary component in 

stock prices. Some of the results of Poterba and Summers (1988, Tables 2 & 3, pp. 37 & 

39) are reproduced in Table 2.10. As discussed in section 2.4.1, Fama and French (1988a) & 

also report evidence of mean reversion in stock returns. Furthermore, Bekaert and 

Hodrick (1992) also find evidence consistent with the existence of the stationary 

component in stock prices.78 Some of the results of Bekaert and Hodrick (1992) are 

reproduced in Table 2.11. 

Table 2.10 
An Excerpt from Poterba and Summers' (1988) Empirical 

Results of Mean Reversion in Stock Returns 

Data 
1 24 36 48 60 72 84 96 

month months mondis months months months months months 

value- 0.797 0.973 0.873 0.747 0.667 0.610 0.565 0.575 
NYSE (0.150) (0.108) (0.177) (0.232) (0.278) (0.320) (0.358) (0.394) 

[-1.35] [-0.25] [-0.72] [-1.09] [-1.20] [-1.22] [-1.22] [-1.08] 

equal- 0.809 0.963 0.835 0.745 0.642 0.522 0.400 0.353 
NYSE (0.150) (0.108) (0.177) (0.232) (0.278) (0.320) (0.358) (0.394) 

[-1.27] [-0.34] [-0.93] [-1.10] [-1.29] [-1.49] [-1.68] [-1.64] 

S&P - 1.035 0.880 0.876 0.855 0.797 0.769 0.781 
(0.095) (0.143) (0.179) (0.211) (0.240) (0.266) (0.290) 
[0.37] [-0.84] [-0.69] [-0.69] [-0.85] [-0.87] [-0.76] 

Note: The sample is die real returns of the equal- and value-weighted NYSE portfolios from 
1926-1985, and real returns of the Standard and Poor's-Cowles Commission stock 
price indices. A variance ratio test is employed for testing and is based on monuily 
returns. Values in parentheses are standard errors of variance ratios and values in 
square brackets are t statistics. The results are taken from Poterba and Summers 
(1988, Tables 2 & 3, pp. 37 & 39). 

78 On the other hand, Richardson and Stock (1989), Kim et al. (1991), and 
McQueen (1992) report that the random walk hypothesis cannot be rejected. 
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Table 2.11 
An Excerpt from Bekaert and Hodrick's (1992) Empirical 

Results of Mean Reversion in Stock Returns 

Implied Variance Ratios 

1 3 6 12 24 36 48 60 
month months months months montiis months months months 

1.000 1.023 0.919 0.768 0.625 0.559 0.521 0.496 
(0.000) (0.184) (0.176) (0.136) (0.130) (0.142) (0.156) (0.169) 

Note: The sample is the excess equity market monthly returns in USA from 1981-1989, 
constructed from Morgan Stanley capital international and Ibbotson Associate. The 
implied ratio is the ratio of the implied variance of returns compounded over a 
given horizon k to k times the variance of the one period return. Values in 
parentheses are standard errors. The results here are taken from Bekaert and 
Hodrick (1992, Table V, p. 487). 

2.4.2.3 Implications of Mean Reverting Stock Returns 
for Market Efficiency 

From the preceding discussion, it would appear that mean reversion in stock 

returns is in fact just a statistical phenomenon in which the autocorrelation in long-horizon 

stock returns is significandy negative. Furthermore, it was argued in section 2.2 that the 

validity of any statement about market efficiency depends on the accuracy of die proposed 

return generating model. Therefore, to effectively link mean reversion in stock returns 

with market efficiency demands a specific return generating model. In section 2.2, an 

empirical model for market efficiency (i.e., equation 2.9) was proposed: 

/?,„= E[Rit, I^.J+e,,, 

where Ri{ is the stock i's return for the period from time t -1 to time t, eit is the error 

term, and E [ ^ , \C1,_X] = 0. In equation (2.9), stock returns are decomposed into two 

elements: one is called expected return and the other is called unexpected return. The 

statistical property of the empirical model for market efficiency is summarized in Theorem 
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2.1 of this dissertation. With these discussions in mind, I now review possible implications 

of mean reverting stock returns for market efficiency. 

2.4.2.3.1 Mean Reversion and Market Efficiency. Based on equation (2.9), one of 

the natural ways to explain why there is mean reversion in stock returns is mat if the stock 

market is efficient, then the observed significant autocorrelation in stock returns must 

result from the variation of expected returns. Putting it another way, if we can have an 

expected return generating process such that it fully accounts for the mean reversion 

phenomenon, then mean reversion in stock returns is consistent with market efficiency. In 

this case, the variation of expected returns will induce the stationary component in stock 

prices. It follows that there is significant negative autocorrelation in long-horizon stock 

returns. To be more specific, time-varying expected returns may follow a mean reverting 

process which induces the stationary component in stock prices, which in turn causes 

mean reversion in (ex post) stock returns and hence me negatively autocorrelated (ex 

post) long-horizon stock returns. The economic intuition behind this statement79 can be 

seen from looking at the previously presented time-varying expected return present value 

model for the stock price (equation 2.35): 

- E(D,+jCl,) ^ E,(D,+j) pt = L- = L~r 
Mria+E(/?Jn,)) ;=iria+^) 

Assume that expected returns follow a mean reverting process. Suppose further 

that shocks to expected returns are uncorrelated with the dividend generating process. If 

79 See also Fama and French (1988b, p. 248). 

80 As previously mentioned, this assumption is in fact not crucial to this economic 
intuition. To be more precise, shocks to expected returns can be correlated with the 
dividend generating process in such a way that mean reverting expected returns induce 
mean reversion in (ex post) stock returns. In order to make the argument simpler, this 
assumption is assumed here. 
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there is a positive shock to time t +1 expected return r,+x, then we observe an immediate 

fall of Pt. Since expected returns are mean reverting, the shock to time t +1 expected 

return is stationary. Because the shock is stationary, it will have little effect on remote 

expected returns, and hence little effect on remote stock prices. Since the shock has no 

impact on the distant stock price, the distant stock price will revert back to its normal level 

as if there were no shock at time t +1 . In this sense, mean reverting expected returns will 

result in mean reverting (ex post) stock returns. Consequently, we will see negatively 

autocorrelated long-horizon (ex post) stock returns. Moreover, Poterba and Summers 

(1988) show that it is possible to have positively autocorrelated time-varying expected 

returns which induce negatively autocorrelated ex post returns. I present the following 

diagram to clarify the above argument:81 

Stock return 

(%) 

mean 

time 

Figure 2.3 
Mean Reverting Expected Stock Returns 

The wandering solid line stands for expected returns, and each dot is a realized continuous 

short-term return. From this diagram, it is evident that mean reversion in expected returns 

can cause mean reversion in ex post stock returns. Putting it another way, this diagram 

demonstrates that it is possible that mean reversion in expected returns induces the 

81 This diagram is in fact similar to Figure 5.1 in Fama (1976, p. 149). However, 
Fama does not use the terminology "mean reversion" to describe this phenomenon. 

86 



stationary component in stock prices, which in turn results in mean reverting (ex post) 

stock returns and negative serial correlation of long-horizon (ex post) stock returns. 

2.4.2.3.2 Mean Reversion and Market Inefficiency. One can argue, on the other 

hand, that the stationary component in stock prices results from the long swing of stock 

prices away from fundamental (true) values,82 meaning that the stock market is not 

efficient. That is, the assumed expected return generating process in equation (2.9) cannot 

fully count for mean reversion in stock returns. One extreme case is mat expected returns 

are constant over time. Following from the hypothetical argument in Summers (1986) 

that under the constant return model, market valuations systematically swing away from 

their fundamental value, Poterba and Summers (1988) attribute the existence of me 

stationary component in stock prices to the deviation of stock prices from fundamental 

values. 

If the market valuation really deviates from the fundamental value and if the 

deviation follows a stationary process, then the shock causing the deviation will fade away 

in die long run. This will cause stock prices to come back to their normal levels in the 

long run as if there were no such shock. Mean reversion in ex post stock returns will 

follow. The intuition behind this argument can be obtained by looking at the constant 

return present value model: 

p _JL E(DI+Ja,) -E,(DHi) 

>* t[(l+E(RjfU) <*(1 + r)' 
k=l 

Suppose that there is a positive stationary shock to D,+x and it is not a fundamentally 

related shock. The next-period price Pt+X rises due to die shock. Hence, the next-period 

ex post return goes above what it should be as if there were no such shock. Since it is not 

a permanent shock, remote expected dividends will not be affected by this shock. 

82 The terminology "long swing" is taken from Summers (1986), and Fama and 
French (1988b). 
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Therefore, the market will eventually eliminate the effect of this stationary (temporary) 

shock on the stock price. We would expect that remote stock prices will come back to 

their normal levels. That is, stock prices will revert to what they should be in the distant 

future as if there were no shock at time t +1. The ex post return then will go below what 

it should be as if there were no such shock. Consequently, it follows that ex post stock 

returns will be negatively autocorrelated at some horizon. 

So far, it has been shown that there is controversy over the relationship between 

mean reversion in stock returns and market efficiency. There has been much research in 

effort to resolve this dispute, although complete success has not been reached so far. For 

example, Hodrick (1992) fails to come up with a resolution of the controversy between 

time-varying expected returns and market efficiency. Bekaert and Hodrick (1992) use 

latent variable models in the VAR context to investigate whether the predictability of 

excess returns can be traced by parsimonious common factors. Their efforts are, however, 

inconclusive. 

In summary, mean reversion in stock returns says nothing about market efficiency 

without referring to a specific stock return generating process. In the preceding 

discussion, two extreme cases were examined. It is possible that there exist time-varying 

expected returns such that mean reversion in stock returns is consistent with market 

efficiency. On the other hand, it is also possible that mean reversion in stock returns is 

caused by market inefficiency, especially when expected returns are constant over time. In 

Chapter HI, another possible implication of mean reversion in stock returns for market 

efficiency will be offered. 

88 



CHAPTER IH 

TESTING FOR CONDITIONAL MEAN REVERSION 

IN STOCK RETURNS 

In section 2.4.2, the relationship between market efficiency and mean reversion in 

stock returns was examined in detail. Some researchers suggest that mean reversion in 

stock returns is due to market inefficiency, while others support the notion that mean 

reversion in stock prices is caused by time-varying expected returns. No unanimous 

conclusion, however, has been reached yet. Since there has been a lot of evidence of the 

presence of time-varying expected returns, a test will be proposed in this chapter to 

investigate whether mean reversion in stock returns can be fully accounted for by time-

varying expected returns. To be more specific, the test is to examine, given a proposed 

model for estimating time-varying expected return, whether mean reversion in stock 

returns could be caused both by time-varying expected returns and by market inefficiency. 

It is not claimed, however, that the test can give us a definite answer to whether the stock 

market is efficient. Nevertheless, the primary merit of the test is that, given the empirical 

evidence of time-varying expected returns and of mean reversion in stock returns, it offers 

a better way to test for market efficiency, specifically for the existence of a speculative 

stationary component in stock prices. 

The structure of this chapter is as follows. Section 3.1 will lay out a test for 

market efficiency given time-varying expected returns and mean reversion in stock returns. 

Section 3.2 is to present models that will be used to extract time-varying expected returns 

from ex post stock returns. Section 3.3 is to discuss data and empirical issues of this 

dissertation. 

3.1 A Test for Mean Reversion under 
Time-varying Expected Returns 

Section 2.4.1 reported the empirical evidence of predictable future stock returns 

using the information available at the current time. In section 2.4.2, we saw that the 
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existence of a stationary component in stock prices induces significant negative 

autocorrelation in long-term stock returns. Moreover, the significant negative 

autocorrelation in long-term stock returns implies that at least part of stock returns are 

predictable in a linear fashion, especially by the past long-term returns up to the present. 

The evidence of the predictive power of the current available information on stock returns 

is, however, inconsistent with the joint hypothesis of the constant expected return model 

and market efficiency. To be more specific, if one insists that the constant return model is 

the correct equilibrium return generating model, then the predictability of stock returns 

implies that the stock market is inefficient. The next question to address is, however, 

"Why/how does this market inefficiency explain the predictability of stock returns?" As 

mentioned in section 2.2, researchers do not know the true return generating model, the 

true information set, and hence, the true value of an asset. All they can do is to investigate 

whether the behavior of market prices is consistent with a proposed equilibrium return 

generating model and the observed information set in the market. Given these 

considerations, the assertions that expected stock returns are constant and that the 

predictability of stock returns implies that the stock market is inefficient are a bit hard to 

swallow. In order to make these assertions valid, one must first show that the constant 

return model is the correct equilibrium stock return generating model, and men explain 

how and why the predictability of stock returns is caused by market inefficiency. 

However, no satisfactory explanations and evidence have been offered up to the present. 

3.1.1 Constant Expected Returns. Time-varying Expected 
Returns, and Stationary Components in Stock Prices 

I now examine the evidence of the predictability of stock returns from another 

perspective. Since one does not know the true return generating model and the task is to 

examine whether the market price is compatible with an assumed equilibrium model and 

with the observed information, the predictability of stock returns might indicate that 

expected returns are time-varying. If one can then come up with some theoretical or 

intuitive arguments to support the model which predicts stock returns, then one should be 
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willing to believe that the predictability of stock returns is evidence of time-varying 

expected returns. Many researchers, though not all, attribute the predictability of stock 

returns to the existence of time-varying expected returns. For example, Campbell (1987) 

concludes that since these predicted expected returns are not constant at all, this evidence 

lends itself to supporting time-varying expected returns. Moreover, Keim and Stambaugh 

(1986), French, Schwert, Stambaugh (1987), Fama and French (1988a, b), Fama (1990), 

and Balvers, Cosimano, and McDonald (1990) suggest that there are time-varying 

expected returns in stock returns.83 Given these empirical findings, one should be 

confident that there really exist time-varying expected returns. Therefore, I propose the 

following time-varying expected return model: 

R, =E[R,\ci,_x] + e, =r,+e, (3.1) 

where R, is the time t stock return for the period from time t - 1 to time t, Cl,_x is the 

set of information available at time t -1, r, (= E[R, Cl,_x ]) is the time-varying expected 

return for the period from time t - 1 to time t, and E[e, Cl,_x ] = 0. If equation (3.1) is 

the true return generating model, the constant return (or random walk stock price) model 

is misspecified I now examine the effect of this misspecification on the empirical testing 

83 For a review of these articles, see section 2.4.1 of this dissertation. 

As previously discussed, there have been at least two versions of a random walk 
model (possibly with a constant drift term). The first one is defined with respect to the 
past history of stock prices up to the present and the second one is defined with respect to 
the information available at the current time. Note that since the first version does not 
imply that stock returns are unpredictable using all the available information excluding the 
past history of stock prices up to the present. The statement that time-varying expected 
returns imply that the random walk model is misspecified is a bit strong for the first 
version. However, since a test for a random walk model is done by looking only at the 
autocorrelation in stock returns, the test can not distinguish between: (1) the random 
walk model with respect to the past history of stock prices up to the present, (2) the 
random walk model with respect to the available information, and (3) the constant return 

91 



for market efficiency. Under this circumstance, the constant return (or random walk) 

model (equation 3.1) can be rewritten as follows: 

\nP,-]nP,_x-r = R,-r = £, (3.2) 

=> R,-r = (R,-r,) + (r,-r) = e,+(r,-r) = £,. (3.3) 

Note that P,_x and P, are, respectively, stock prices at time t - 1 and at time t. If 

equation (3.2) is taken as a random walk model, then £, are independendy distributed 

over time and E[£, ] = 0. However, if equation (3.2) is taken as the constant expected 

return model, then £t are serially uncorrelated and E[£, ] = 0, which are implied by 

E[£, Cl,_x ] = 0. Note that according to Theorem 2.1 of this dissertation, under the time-

varying expected return model, (R, -r,) and (r, - r) are uncorrelated, and so are e, and 

(r, - r). Rewriting equation (3.3) in a multiperiod setting: 

Rt-Q, ~Q*r = (Rt-Q,t ~ rt.Q,t) + (r,_Qj - Q* r) 

= et-Q,t + (rt-Q,t ~ Q*r) = £t.Q,t Q = 1,2,— 

Note that R,_Q, is the stock return for the period from time t - Q to time t. Moreover, 

define (f>(Q) and y/(Q) as follows: 

j . , * . Cov(£t-Q,t>£t,t+Q) , - x Cov(e,_Q<,,e,,+Q) 
* ( G ) = Varies ' ^ ( G ) = Var{e,.Qj) 

model. Therefore, the statement I make here is in fact empirically justifiable even when a 
random walk is defined with respect to the past history of stock prices up to the present. 
Similar arguments can be applied for a martingale model. For a review of this discussion, 
see sections 2.3.2, 2.3.3, 2.3.4 and 2.4.2 of this dissertation. 
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It follows that the numerators of <J)(Q) and y/(Q) have the following relationship: 

Cov(£,_Q,,£(t+Q) 

= Cov(R,_Q,-Q*r,R,t+Q-Q*r) 

= Cov[ (R,_Qt, - r,_Q>,) + (r,_Q>, - Q* r), (R,t+Q - rfl+Q) + (ru+Q - Q* r)] 

= Cov(R,_Q>, -r,_QjiR,t,+Q-r,,+Q) + Cov(R,_Q, -r,_Q,,r,,+Q -Q*r) 

+ Cov(r,_Q,-Q*r,R,,+Q -r,t,+Q) + Cov(r,_Qt-Q*r,r,,+Q -Q*r) 

= Cov(e,_Qt, ,e,,+Q) + Cov(e,_Qt, ,r,,+Q) + Cov(r,_Q,,e,,^) + Cov(r,_Q, ,r,,+Q) 

= Cov(e,_Q, ,r,,+Q) + Cov(r,_Q,,r,,+Q). (3.4) 

The last equality follows from the fact that under equation (3.1), Cov(e,_Q,,ett+Q) = 0 

and Cov(r,_Q,,e,,+Q) = 0 by construction. This is because both e,_Q, and r,_Q, are in the 

time t information set. Equation (3.4) shows that if one tests whether £,s, instead of 

e, s, are autocorrelated, the presence of (r,_Q, - Q*r) will bias the result toward the 

rejection of £,s being serially uncorrelated. That is, (j>(Q) will be farther away from zero 

than y/(Q) which is zero under the time-varying expected return null hypothesis. This is 

due to the misspecification of the constant return (or random walk) model as the true 

return generating model. The magnitude of the bias depends on the time series property 

of time-varying expected returns r,. This shows that the rejection of the constant return 

(or random walk) hypothesis does not necessarily imply that the stock market is 

inefficient. Furthermore, this is consistent with the previous assertion that mean reversion 

in stock returns does not necessarily imply that there is a long swing of stock prices away 

from fundamental values. In fact, all these arguments follow from the fact that the validity 

of any test for market efficiency hinges on the accuracy of the specific model for die stock 

return (or stock price) generating process. 
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On the other hand, following an argument similar to that in Summers (1986),85 this 

bias might have little impact on rejecting the random walk (or constant return) hypothesis. 

This will be the case, especially when the return horizon Q is small and time-varying 

expected returns follow a mean reverting process. An economic intuition behind the 

above argument is as follows: Re-examine the time-varying expected return present value 

model for the stock price (equation 2.35). Suppose that time-varying expected returns 

indeed follow a mean reverting process with positive autocorrelation in short horizons. If 

the time t +1 expected return is expected to increase, other things held constant, we 

would expect the time t price to fall, the time t stock return to decrease, and the time 

t +1 stock return to increase. This will in fact induce negative serial correlation of (short-

term) stock returns. However, since time-varying expected returns follow a mean 

reverting process with positive autocorrelation in short horizons, this will result in positive 

serial correlation of short-horizon expected returns. This positive autocorrelation in short-

term expected returns will wash out the negative autocorrelation in short-term ex post 

stock returns. This also explains why it is difficult to detect the existence of the serial 

correlation of short-horizon (ex post) stock returns, even if the stationary component in 

stock prices is caused by time-varying expected returns. This difficulty of detecting the 

variation of r, does not, however, justify the constant return (or random walk) market 

efficiency hypothesis. 

As mentioned in section 2.4.2, a stationary component in stock prices will induce 

mean reverting stock returns and this stationary component could be caused either by 

time-varying expected returns or by market inefficiency. Another possibility is, however, 

that the stationary component in stock prices is caused both by time-varying expected 

returns and by market inefficiency. I now investigate this possibility by asking "Can time-

85 Summers (1986) hypothesizes that the stationary component in stock prices is 
caused by a long swing of stock prices away from fundamental values. He shows tiiat it is 
difficult to detect this stationary component by looking at short-horizon stock returns. 
For a discussion, see Summers (1986) or section 2.4.2 of this dissertation. 
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varying expected returns fully account for the stationary component in stock prices?" 

That is, "Can r, in equation (3.1) follow a mean reverting process in such a way that it 

fully accounts for the mean reversion phenomenon in stock returns?" Suppose that P* is 

the time t stock fundamental value such that r, is the time-varying expected return for the 

period from time t -1 to time t. Suppose further that the observed market value P, 

corresponding to P* has the following relationship with the fundamental value P*: 

InP, =ln(P;(l + ^)) = ln/>;+ln(l + jcr) = ln/>r*+jcr (3.5) 

where x, is the multiplicative factor resulting from die long swing of stock prices away 

from fundamental values due to pure speculative activities in die market. Note that x, 

and P* are assumed to be generated by two independent (or at least uncorrelated) 

mechanisms. It follows that the logarithm of the stock price consists of the logarithm of 

its corresponding fundamental value and the long swing away from this fundamental value. 

Equations (3.1) and (3.5) enable us to denote stock returns in the following form:86 

R, =lnPr -\nP,_x = \nP* -]nP,m_x+x,-x,_x 

= E[R, Cl,_x] + e, + x, -x,_x 

= r,+e,+u,. (3.6) 

86 The analysis I present here can be viewed as an extension of Fama and French 
(1988b), and Poterba and Summers (1988) in that both articles hypothesize that 

R, = In P, - In P,_x = r + e, + z, - z,_x 

where z, is the (multiplicative) stationary component in time t stock price. 
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All the notations in equation (3.6) follow exacdy from equations (3.1) and (3.5). Under 

this construction, equation (3.6) decomposes stock returns into three parts: (1) r, is me 

time-varying expected return and is assumed to follow a mean reverting process, (2) e, is 

the fundamentally related residual term, and (3) u, (= x, - x,_x) results from the long 

swing of stock prices away from fundamental values and is assumed to follow a stationary 

process. Since (1) and (2) result from the fundamental value P*, I will use the 

terminology "fundamental component" to denote (r, +e,). On the other hand, u, is 

referred to as "speculative component," since it is caused by the long swing of stock prices 

away from fundamental values. Putting it another way, equation (3.6) decomposes the 

unpredictable part of stock returns into two parts: e,, which is part of the fundamental 

component, and u,, which is the speculative component. 

Note that, as previously mentioned, the fundamental component (i.e., r, + e,) and 

the speculative component (i.e., u,), if any, are assumed to be generated by two 

independent (or at least uncorrelated) mechanisms. This assumption is only for the 

purpose of simplification and is not necessarily true in the real world. As will be seen, the 

assumption can be discarded for the purpose of empirical testing. However, the 

assumption indeed makes it easier to analytically examine the impact of the speculative 

stationary component for the behavior of stock returns. I now provide some comments on 

the assumption. Although it was presented in Theorem 2.1 of this dissertation that in 

equation (3.6), e,, which is part of the unpredictable component, is uncorrelated with r,, 

which is the predictable component, this contemporaneous uncorrelatedness does not 

imply that r, and e, be generated by two independent (or at least uncorrelated) 

mechanisms. For example, since e,_x is in Qr-1, e,_x could be correlated with r, so that 

e,_x is useful in predicting r,. Similarly, since u, is part of the unpredictable component 

of stock returns, it must be uncorrelated with the predictable component. However, this 

contemporaneous independence (or uncorrelatedness) between r, and u, does not imply 

that r, and u, are generated by two independent mechanisms. Moreover, since e, is me 
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unpredictable part of the fundamental component and since u, is also unpredictable, e, 

and u, could be dependent on each other in such a way that both e, and u, are 

uncorrelated with (or independent of) r,. This follows from the observation that the 

unpredictable component of stock returns consists of e, and u,, which are not separable 

from each other. Therefore, equation (3.6) could allow that the speculative component 

and the fundamental component are correlated with each other. 

The preceding discussion can in fact be summarized by the following time-varying 

expected return hypotheses: 

HQ: Rt=r,+e,, (3.7a) 

Ha: R, =r,+e,+u,. (3.7b) 

Note that the notations and assumptions of these hypotheses follow exactly from 

equations (3.1) and (3.6). I propose these hypotheses to examine whemer time-varying 

expected returns fully account for the stationary component in stock prices. Moreover, 

the empirical evidence of the stationary component in stock prices and of time-varying 

expected returns provides motivation to set up the hypotheses in this way. The null 

hypothesis (equation 3.7a) says that the stationary component in stock prices is solely 

caused by time-varying expected returns. The alternative hypothesis (equation 3.7b), 

however, states that time-varying expected returns do not fully account for the stationary 

component in stock prices. Putting it another way, the task here is to test for die null 

hypothesis that the stock market is efficient against the alternative hypothesis that there is 

a speculation-induced stationary component in stock prices. 

The above hypotheses (equations 3.7a and 3.7b) are different from those proposed 

by proponents of the constant return model. The constant expected return hypotheses can 

be specified as follows: 
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H0:R,=r + £t, (3>8a) 

Ha: R, =r + £,+v, (3.8b) 

where r is the constant expected return, £, is the fundamentally related error term, and 

v, is induced by the long swing of stock prices away from fundamental values. Note that, 

to allow for analytic analysis, v, and £, are usually assumed to be generated by two 

independent (or at least uncorrelated) mechanisms. Given the empirical evidence of time-

varying expected returns, these constant return hypotheses (equations 3.8a and 3.8b) may 

be misspecified. At the beginning of this section, I compared the time-varying expected 

return null hypothesis (equation 3.7a) with the constant return null hypothesis (equation 

3.8a). It is instructive to examine how this misspecification of the constant expected 

return alternative hypothesis (equation 3.8b) can affect the conclusion of empirical testing 

for market efficiency. The relationship between the constant return alternative hypothesis 

(equation 3.8b) and the time-varying expected return alternative hypothesis (equation 

3.7b) can be expressed by the following equation: 

R, - r = £, + v, =(r,-r) + e,+u,. 

Rewriting this relationship in a multiperiod setting: 

Rt.Qtl -Q*r = £,_Qt, + v,_Qj = (r,_Qt, -Q*r) + e,_Qj + U,_Q, . 

Under the alternative hypothesis of the constant return model (equation 3.8b), the 

autocorrelation in stock returns is defined as follows: 

Cov(R,_Q,,R,J+Q) Cov(£,_Qt, +vt-Q,t,et,t+Q+Vt,,+Q) 
7 ( f l ) " Var(R,_QJ) ~ Vartf,^, - Q* r) 
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In this case, the numerator of y (Q) can be simplified as follows: 

COV^, +V,_Q,,£,,+Q +VtJ+Q)=C0V(£,_Qt,£,,^) + C0V(vt_Q,,V,J+Q) 

= Cov(v,_Q,,v,,+Q). 

The first equality follows from the assumption that £, and v, are generated by two 

independent mechanisms. The last equality holds because under the constant return 

model, Cov(£,_Qt ,£, ,+Q) is equal to zero by construction. Therefore, under the constant 

expected return alternative hypothesis (equation 3.8b), the autocorrelation in stock 

returns, y ( 0 , can be expressed as follows: 

n
 Cov(Rt-Q,t>Rt,t+Q) Cov(v,_Qtt,v,J+Q) 

7{U) Var(R,_Q>,) Var(R,_Qt, -Q*r) ' ( ^ 

In this case, when the autocorrelation in stock returns is significandy different from zero, 

one will attribute this empirical observation to the existence of the speculative stationary 

component in stock prices. 

On the other hand, under the alternative hypothesis of time-varying expected 

return model (equation 3.7b), the autocorrelation in stock returns, y(Q), is defined as 

follows: 

, - x Cov(R,_Q,,R,,+Q) 
r(Q) = — T T T I — v — 

Var(R,_Q,) 
Cov((r,_Qt,-Q*r) + e,_Q<, +u,_Q,,(r,,+Q -Q*r) + e,,+Q+ut,+Q) 

Var(R,_Qj-Q*r) 
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In this case, the numerator of y(Q) can be simplified as follows: 

Cov((r,_Q, -Q*r) + e,_Q, +u,_Qt,,(r,,+Q -Q*r) + e,,+Q +ut>,^) 

= Cov((r,_Q>, -Q*r) + e,_Qj, (ru+Q -Q*r) + e,MQ) + Cov(u,.Qj, u,MQ) 

= Cov(r,_Q,, r,J+Q) + Cov(r,_Q,, e, ,+Q) + Cov(e,_Qj, r,,+Q) 

+ cov(e,_Q,,et,+Q) + Cov(u,_Qt,u,,+Q) 

= Cov(r,_Q, ,r,,+Q) + Cov(r,,+Q,e,_Q,) + Cov(u,_4,,u,tt+Q). 

The second equality follows from the assumption that u, and (r, + e,) are generated by 

two independent mechanisms. The last equality holds because under the time-varying 

expected return model, Cov(r,_Q,,et,+Q) = 0 and Cov(e,_Q,,e,,+Q) = 0 by construction. 

Therefore, under the time-varying expected return alternative hypothesis (equation 3.7b), 

the autocorrelation in stock returns, y(Q), can be expressed as follows: 

C°V(Rt-Q,t,R,,t+Q) 
7{W Var(R,_Qj) 

_ Cov(r,_Qj,r,,+Q) + Cov(r,tt+Q,e,_Qj) + Cov(u,^„u,fJrQ) 

Var(R,_Qt,-Q*r) 

The first two terms of the numerator of equation (3.10) are due to the fundamental 

component in stock prices (in particular, time-varying expected returns), whereas 

Cov(u,_Q, ,u, t+Q) results from the speculative stationary component in stock prices. 

Hence, when die autocorrelation in stock returns is significandy different from zero, it 

might be caused eitiier by time-varying expected returns, by the speculative component, or 

by both. 

By comparing the numerator of equation (3.9) with that of equation (3.10), it 

shows that under the situation in which the time-varying expected return model is the 
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correct one, if researchers specify the constant return model instead, they tend to conclude 

that the stock market is inefficient when the autocorrelation in stock returns is significantly 

different from zero. However, as can be seen from equation (3.10), if the time-varying 

expected return model is correct, the significant autocorrelation in stock returns is not 

necessarily caused solely by the speculative component in stock prices. The existence of 

time-varying expected returns may also contribute to this phenomenon, although we may 

not know its exact effect This is another way to understand why the significant serial 

correlation of stock returns does not necessarily imply that the stock market is inefficient. 

The preceding discussions in this section can be summarized in Figure 3.1 as follows: 

Empirical 
evidence —> 

Negative autocorrelation in long-term 
stock returns (consistent with mean 
reverting stock returns) 

Presented in section 2.4.2 

Evidence of time-varying 
expected returns 

Presented in section 2.4.1 

Consistent 
linkage —> 

Hypotheses —> 
Constant expected 
return and market 
inefficiency due to a 
speculative stationary 
component 

Equation (3.8b) 

Time-varying 
expected returns 
and market 
efficiency 

Equation (3.7a) 

Time-varying 
expected returns and 
market inefficiency 
due to a speculative 
stationary component 

Equation (3.7b) 

Figure 3.1 
Relationships between Empirical Evidence of Mean Reverting 

Stock Returns and of Time-varying Expected Returns, 
and Efficient Markets Hypotheses 
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3.1.2 Testing for Conditional Mean Reversion 

I now show how to test for the time-varying expected return hypotheses 

(equations 3.7a and 3.7b). If there really exist time-varying expected returns and a 

speculative stationary component in stock prices, the magnitude of the serial correlation of 

stock returns will be affected not only by time-varying expected returns but also by the 

speculative component. It is, however, difficult to separate these two individual effects by 

looking only at the serial correlation of stock returns. This is the reason that researchers 

tend to mingle the variation induced by time-varying expected returns with that induced by 

the speculative component. Again, this can be seen when we look at the numerator of 

equation (3.10). It is possible that the autocovariance of the fundamental component, 

Cov(r,_Q, + e,_Q, ,r,t+Q + ett+Q), and the autocovariance of the speculative component, 

Cov(u,_Q, ,u,t+Q), are marginally insignificant respectively, but their sum becomes 

marginally significant. It is also possible that Cov(r,_Qt + e,_Q, ,r,t+Q + e,,+Q) is large, 

while Cov(u,_Qt,utt+Q) is quite small. Another possibility is that the autocovariance of 

these two individual components might have different signs and cancel each other. All 

these cases illustrate the limitations of the information conveyed by the autocorrelation in 

stock returns. 

Therefore, what is needed in a test for the existence of the speculative stationary 

component is to first control for the fundamentally related time-varying expected return 

component. If the time-varying expected return r, can be purged from the ex post stock 

return, then the residual return will include only e, and u,. In this case, whether there 

exists the speculative stationary component in stock prices can be examined by looking at 

the time series behavior of these residual returns. That is, to test whether there is a 

speculative stationary component in stock prices, we should look at the behavior of 

R, -r, (= e,+u,) rather than at the behavior of R,. From this perspective, the time-

varying expected return hypotheses (equations 3.7a and 3.7b) can be simplified as follows: 
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#o : Rt-Qj ~ r,-Q,t i s serially uncorrelated, (3.1 la) 

Ha: R,_Qt - r,_Q, is negatively autocorrelated at some Q. (3.1 lb) 

In this scenario, the test statistic under the alternative hypothesis (equation 3.1 lb) 

can be simplified as follows:87 

~(m _ c°v(Rt-Q,t -rt-Q,t>Rt,t+Q -rt,t+Q) _ Cov(e,_<2j +u,_Q,,e,l+Q+u,,+Q) 
Var(R,_Q, - r,_Q,) ~ Var(e,^, + u,_Q>,) 

Cov(euQi, ,e,,+Q )+Cov(u,.Qtt ,u,^ ) Cov( w,_Qf,, u,,+Q) 

Var(e,_Qi,)+Var(u,_Qt,) Var(e,_Q<t) + Var(u,_Qt,) 

Cov(x,-x,_Q,x,+Q-x,) 

Var(e,_Q,)+Var(u,_Q,) ' 
(3.12) 

The third equality of equation (3.12) follows from the assumption that e, and u, are 

generated by two independent mechanisms. The fourth equality of equation (3.12) holds 

because under the time-varying expected return model, Cov(e,_Q,,e,,+Q) = 0. The 

numerator of X(Q) can be further expressed as follows: 

Cov(x, - X,_Q , X,+Q - x,) 

= Cov(x,, xt+Q) - Cov(x, - x,+Q) - COV(X,_Q , x,+Q) + Cov(x,_Q, x,) 

= -a2 + 2Cov(x, ,X,+Q)- COV(X, , x,+2Q). 

87 The following mathematical analysis of X(Q) is essentially the same as that of 
P(Q) in Fama and French (1988b). The only differences are: (1) I assume that x, is 
induced by the speculative stationary component in stock prices, whereas Fama and 
French hypothesize that x, (in tiieir notation z,) is caused by the stationary component in 
stock prices, and (2) X(Q) is the autocorrelation in residual returns, while p(Q) is the 
autocorrelation in stock (ex post) returns. Therefore, X(Q) and p(Q) have totally 
different meanings and implications. 
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Since x, is assumed to follow a stationary process, Cov(x„xt+Q) decreases in absolute 

value and approaches zero as Q increases. It is then evident that the numerator of X(Q) 

will approach - r j 2 as Q increases. If Cov(x,,xt+Q) decreases from a positive number to 

zero as Q increases, then it is possible that the numerator of X(Q) will decrease from a 

positive number to - o\. If Cov(x,, xt+Q) increases from a negative number to zero as 

Q increases, then it is possible that X(Q) will increase from a negative number to - o\. 

In any case, the behavior of X(Q) will depend on the behavior of Cov(x,, xt+Q) in such a 

way that the numerator of X(Q) approaches - cr2 as Q is large enough. On the other 

hand, Var(u,_Q,), which is part of the denominator of equation (3.12), can be expressed 

as follows: 

Var(u,_Qtt) = Var(x, -X,_Q) = 2G\ -Cov(x,,x,_Q). 

As Q increases, Var(u,_Qt) will approach 2o~2. It is evident diat Var(et_Qtt), which is 

part of the denominator of equation (3.12), by construction becomes larger as Q 

increases. Therefore, if COV(X,,X,+Q) is positive, then, just as with P(Q) in Fama and 

French (1988b), we may expect to see a X(Q) with a U-shaped pattern as Q increases. 

However, since we have no information about the behavior of Var(e,_Q,) as Q increases 

except that it is always positive and increasing, and since we do not know exactiy how 

Cov(x,,xt+T) behaves as Q increases, all we can say is that if there is a speculative 

stationary component in stock prices, the numerator of X(Q) approaches - c\ as Q 

increases. Consequendy, the autocorrelation in residual returns (i.e., ex post stock returns 

adjusted for time-varying expected returns) will be negative at some horizon. 
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In fact, I can make the same conclusion in a more intuitive manner without 

assuming that the fundamental component and the speculative component, particularly, e, 

and u,, are generated by two independent mechanisms. Suppose that there is a positive 

speculative stationary shock to the time t +1 stock price. This causes the time t +1 

stock return to be higher than what it should be as if there were no such shock. Since it is 

a speculative shock, it will affect only the time t +1 residual return but not the time t +1 

expected return. Therefore, the shock also makes the time t +1 residual return higher 

than what it should be as if there were no such shock. Since the shock is stationary, it will 

have litde effect on the distant stock price. As mentioned in section 2.4.2, this will cause 

the distant stock return to be lower than what it should be as if there were no such shock. 

Since it is a speculative shock, it will affect only the distant residual return such mat the 

distant residual return is lower than what it should be as if there were no such shock. 

Consequendy, the speculative stationary shock induces negative serial correlation in the 

residual return at some horizon. To be more specific, since die residual return has a mean 

of zero, the speculative stationary shock to the stock price will make the residual return 

move up and down its zero mean. That is, the residual term follows a mean reverting 

process with respect to a zero mean. 

Under the assumption that the model used to extract expected returns from ex post 

returns is correct, if the autocorrelation in residual stock returns (e, + u,) turns out 

significandy negative at some long horizon, this evidence is consistent witii the existence 

of the speculative stationary component in stock prices. That is, time-varying expected 

returns alone cannot fully account for mean reversion in stock returns. This is also 

evidence against market efficiency if we insist on the correctness of the proposed return 

generating model, which is employed to purge time-varying expected returns from ex post 

stock returns. In this case, this speculative stationary component in stock returns is 

induced by a long swing of stock prices away from fundamental values. This stationary 

deviation will make stock returns revert to fundamentally related time-varying expected 

returns in the long run. Since fundamentally related time-varying expected returns are 
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predictable conditional on the information available at the beginning of the period, the 

existence of the speculative stationary component in stock prices results in a phenomenon 

which I will denote as conditional mean reversion in stock returns. Putting it another way, 

the existence of die speculative stationary component in stock prices means that there is a 

long swing of stock prices away from fundamental values conditional on the available 

information. In the long run, the speculative stationary component in stock prices will 

cause stock prices to revert to fundamental values which determine the fundamental 

conditional expected returns. Therefore, "conditional mean reversion in stock returns" 

seems to have a better description of what is going on than "conditional mean reversion in 

stock prices." For this reason, the terminology "conditional mean reversion in stock 

returns" will be used in most cases throughout this dissertation. 

On the other hand, if X(Q) does not turn out significandy different from zero, 

then the market efficiency hypothesis cannot be rejected This means that time-varying 

expected returns alone fully account for the serial correlation in stock returns. Moreover, 

this implies that the stationary component in stock prices reported in previous studies is 

due to time-varying expected returns, but is not due to the deviations from fundamental 

values. Let us now re-examine the time-varying expected return null hypothesis (equation 

3.7a). Under this hypothesis, according to Theorem 2.1 of this dissertation, market 

efficiency implies that E[R, - rt\Cl,_x] = 0. Following those definitions of market 

efficiency in Fama (1970), I may define the three forms of market efficiency as follows. If 

the excess return (R, -r,) cannot be predicted by the past history of stock returns up to 

the present, then the stock market is efficient in the weak form sense. If the excess return 

cannot be predicted by current public information, then the stock market is efficient in the 

semi-strong form sense. If the excess return cannot be predicted by all available (public 

and private) information, then the stock market is efficient in the strong form sense. Given 

these considerations, the stock market may be said to be efficient in the weak form sense 

when the autocorrelation in residual returns is not significandy different from zero. 
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From the discussion in section 2.4.2, it is difficult to find evidence of the existence 

of a stationary component in stock prices when one looks only at the time series behavior 

of short-horizon stock returns. Suppose that one runs the following regression to test for 

the time-varying expected return hypotheses (equations 3.7a and 3.7b): 

R, =cc + PiXXtt_x+...+pHXftt_x+r1, (3.13) 

where R, is the stock return for the period from time t - 1 to time t, Xx M , . . . , Xn,_x are 

in die time t -1 information set Cl,_x, and t], is the residual term. If there is really a 

speculation-induced stationary component in stock prices, by construction, it will be 

summarized by 7],. This is because the speculative stationary component is, by 

construction, independent of (or at least uncorrelated with) information set Cl,_x. As 

previously discussed, if the length of the period from time t - 1 to time t is short, then it 

is very difficult to check for the speculation-induced stationary component in stock prices 

by looking at the simple autocorrelation in the residual term. Therefore, if in equation 

(3.13), the length of the period from time t - 1 to time t is short, the power of the test 

for the speculative stationary component in stock prices will be low. One way to 

overcome this difficulty is to lengthen the time interval between time t - 1 and time t. 

However, if the length of the period becomes larger, the sample will be smaller. This will 

decrease the power of the test, too. One way to increase the sample size is to use 

overlapping observations, as proposed by Hansen and Hodrick (1980). The residual terms 

from this overlapping observation approach, however, are autocorrelated by construction. 

This can be understood in an intuitive manner by looking at Figure 3.2 below.This diagram 

shows a situation in which the length of the return horizon is Q periods and the Q -period 

return is sampled every period. In this case, there are always common time periods among 

any adjacent Q-l Q-period returns. Since the residual term in the regression 

summarizes all the innovations during the Q -period time interval, any two of the adjacent 
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Q -1 residual terms share some common information and tend to be correlated with each 

other. For example, J], ,+Q and ri,+l ,+Q+1 share the time interval from time t +1 to time 

t + Q. Hence, these two residual terms tend to be correlated with each other due to the 

common innovations during the time interval from time t +1 to time t + Q. Since the test 

for the speculative stationary component in stock prices examines the serial correlation of 

the residual term, the overlapping observation approach cannot fulfill this goal. 

f + 1 t + 2...t + Q t + Q + l t + 2Q 

Wtjt+Q | 

*lt+l,t+Q+l 

^t+T,t+2Q 

Figure 3.2 
Autocorrelation in the Residual Terms from 

an Overlapping Observation Approach 

In all the approaches just mentioned, it is difficult to find evidence of the 

speculative stationary component in stock prices. However, this is not a problem for the 

test proposed in this dissertation. Since there is no exact restriction on the length of the 

time interval for estimating time-varying expected returns, the validity of the procedure for 

purging time-varying expected returns from ex post stock returns would not be affected by 

the length of the period in the regression for estimating time-varying expected returns. 

Under this test, short-term time-varying expected returns will be purged from short-term 

(ex post) stock returns. This will assure a big sample. Then a test will be applied to 

examine whether the autocorrelation in the residual term is significant at different lengths 
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of horizon. Therefore, the test proposed in this dissertation looks at the serial 

correlation of T], at both short- and long-horizons. This is the primary merit of the 

approach proposed in this dissertation to testing whether die stationary component in 

stock prices can be fully explained by the variation of time-varying expected returns. The 

test distinguishes itself in this perspective from previous research which focuses only on 

the time series behavior of the short-horizon residual term. 

From the preceding discussions, the primary concern of this dissertation is to 

examine whether there is significandy negative autocorrelation in residual returns at some 

long horizon. I have been hypothesizing that time-varying expected returns follow a mean 

reverting process which induces the stationary component in stock prices, which in turn 

causes mean reverting stock returns. It may be interesting to examine whether time-

varying expected returns follow a mean reverting process. Therefore, as a side test, I will 

also look at the time series behavior of time-varying expected returns. However, due to 

the existence of Cov(r,t^Qie,_Qt,), which can be seen from equation (3.10), it is still 

possible that the autocorrelation in time-varying expected returns may not show up as 

significant, even when there is no autocorrelation in residual returns. I now summarize the 

sequence of the proposed test of conditional mean reversion in Table 3.1 below. 

In summary, the evidence of mean reversion in stock returns and of time-varying 

expected returns, coupled with the observation that it is difficult to detect the stationary 

component in stock prices by looking only at the autocorrelation in short-horizon stock 

returns, stimulates the proposal of a test, which accommodates these factors, to examine 

whether there is a speculative stationary component in stock prices. It is not asserted that 

the test proposed in this dissertation is able to prove or disprove the efficient markets 

hypothesis, although it does add a new dimension to tests for the market efficiency 

hypothesis. The rjrimary goal is to investigate whether or not for a given proposed 

equilibrium model, the behavior of stock prices complies with the observed market 

881 will use a variance ratio test, which will be discussed in Appendix B of this 
dissertation. 
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information. In particular, the goal is to explain whether time-varying expected returns 

can explain mean reversion in stock returns. If the time varying expected return model 

Step 

Table 3.1 
Steps for Test of Conditional Mean Reverting Stock Returns 

Test hypotheses 

Examining whether there is 
1 mean reversion in (ex post) 

stock returns 

Extracting time-varying 
2 expected returns from (ex 

post) stock returns 

Examining whether the 
estimated time-varying 
expected returns follow a 
mean reverting process 

Exarnining whether there is 
mean reversion in residual 
returns (i.e., testing for 
conditional mean reversion) 

Equations Statistical implications 

Significant negative 
Original autocorrelation in long 

data horizon stock returns 

Significant t statistics of 
3.1 coefficients and/or significant 

F statistic of the expected 
return model 

Significant negative 
3.7a autocorrelation in long 
3.7b horizon expected returns 

Significant negative 
3.11a autocorrelation in long 
3.11b horizon residual returns 

proposed in this dissertation cannot fully account for the stationary component in stock 

prices, this may not be taken as strong evidence against market efficiency. It is possible 

that the model is simply not the correct one. However, it is fair to conclude that the 

proposed model does not do a good job of explaining the mean reversion phenomenon in 

stock returns. On the other hand, if the model does a good job in explaining the stationary 

component in stock prices, it will be satisfactory for our purposes, even though we in fact 

have no idea whether the model is the correct one or not Although it is evidence 

consistent with market efficiency, it is far from concluding that the market is efficient. 
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This is because the alternative hypothesis that there exists a stationary speculative 

component in stock prices (i.e., equation 3.7b) is only one of the numerous alternative 

hypotheses against market efficiency. 

3.2 Models for Estimating Time-varving Expected Returns 

As mentioned in Chapter n, it is virtually impossible to determine whether or not a 

model is the true one. Therefore, I emphasize that the primary objective here is not to 

discover die true model but to examine whether or not the mean reversion phenomenon in 

stock returns can be fully explained by time-varying expected returns. This is the sense in 

which it does not matter so much whether or not the true model is employed. 

Consequendy, I will focus on some of the time-varying expected return models that have 

been proposed in finance literature. 

If any of these time-varying expected return models can account for mean 

reversion in stock returns, it could be taken as evidence against the existence of a 

speculative stationary component in stock prices. It is possible that some of the models 

examined in this dissertation can do a good job in this perspective, while others cannot 

generate results supporting die hypothesis that time-varying expected returns cause the 

mean reversion phenomenon in stock returns. This result, however, does not necessarily 

imply that some models are better than others. It can only be asserted that some models 

are better in explaining the mean reversion phenomenon than others. To be more precise, 

my intention is to investigate whether there exist some models which can account for the 

mean reversion phenomenon in stock returns, but not to make model comparisons from 

the perspective of market efficiency. 

I will use two time-varying expected return models to implement the test proposed 

in section 3.1. The models chosen in this dissertation all use information available at the 

current time to estimate future stock returns. I do not use models with contemporaneous 

dependent variable and independent variables, which are to examine whether stock returns 

can be explained by the proposed independent variables. Although from the perspective of 
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explanatory power of the proposed independent variables, there is nothing wrong with 

using an explanatory model, it offers no help in achieving the primary objective of this 

dissertation. This is primarily because in equilibrium there are no contemporaneous 

variables which are true exogenous to stock returns (e.g., see Sims, 1980). In this sense, 

if tiiere are speculative activities in one market at one point in time, other markets tend to 

be contaminated at the same time. Therefore, a contemporaneous model could wash out 

these speculative activities, if any exist. Moreover, using current information as input of a 

time-varying expected return model enables us to estimate future expected returns. In this 

sense, the models used in this dissertation are predictive models. 

3.2.1 The Fama-French Three-factor Model 

The first model tiiat will be employed in tiiis dissertation is based on Fama and 

French (1992, 1993,1995, 1996a), in which they propose and defend a three-factor model 

for explaining stock returns: 

NRit -RF, = a, +bi[RM, -RF^ + sJMB, +hiHML, +e,, (3.14) 

where NRit is portfolio i's time t (nominal) return, RF, is the time t one-period t-bill 

(nominal) rate observed at the beginning of period t, RM, is the time t (nominal) market 

return, which is the value-weighted return on the chosen stocks, SMB, is a proxy for size 

risk factor, and HMLt is a proxy for book-to-market risk factor. Note that equation 

(3.14) is an explanatory model. The current main concern is, however, to have a model 

for extracting expected returns from ex post stock returns using the current available 

information. Therefore, as will be explained later, I will instead use die following 

predictive form of the three-factor model: 

E[NRi<t+x - RF,+X] = yl(0 + y^, + yiA, + y^, (3.15) 
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where bit is portfolio i's time t market risk factor loading, sit is portfolio i's time t 

size risk factor loading, and hit is portfolio i's time t book-to-market risk factor 

loading. Note that (b,,^,,^,) rather than (bi>t+x,sit+x,hit+x) is used as independent 

variables in equation (3.15). It will become clear that given the procedure used to 

estimate the three risk factor loadings, the result may not be much sensitive to choice 

between (bit,Si,,(%,) and 0i i,+1,5 i it+1,/i,v+1). Unlike previous research such as Fama and 

French (1993,1995, 1996a) and Kothari, Shanken, and Sloan (1995) in which whether the 

intercept term is close to zero and whether the other coefficients are significandy different 

from zero are main concerns of the validity of me explanatory three-factor model, mis 

dissertation focuses primarily on the time series behavior of predicted values and residual 

terms of the predictive three-factor model, equation (3.15). 

3.2.2 The Capital Asset Pricing Model 

The second model for estimating time-varying expected returns is based on the 

Sharpe-Lintner-Black Capital Asset Pricing Model: 

E(NRit) = E(RF,) + [E(RM,)-E(RF,)]Pu (3.16) 

where NRit is stock (portfolio) fst ime t (nominal) return, RF, is the time t (nominal) 

risk free rate or is the time t return on a zero-beta portfolio, RM, is market's time t 

(nominal) return, and ptJt is stock (portfolio) i's time t beta. Note that the Capital Asset 

Pricing Model is not a special case of the three-factor model. The predictive power of 

betas on stock returns has been controversial.89 Fama and MacBeth (1973) report that 

betas have a predictive power on stock returns for the 1926-1968 period Moreover, 

89 See also Fama and French (1996b). 
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Handa, Kothari and Wasley (1989) regress annual portfolio returns on annual market 

returns to obtain annual betas and find that for the 1926-1982 period, annual betas have a 

predictive power on monthly returns of different types of portfolios even when size 

variable is also in the regression. However, Fama and French (1992) find that betas, 

which are estimated by regressing monthly portfolio returns on monthly market returns, 

have no significant relationship with stock returns for the 1963-1990 period. More 

recendy, Kothari, Shanken, and Sloan (1995) report results similar to those in Handa, 

Kothari and Wasley (1989). 

One disadvantage of the CAPM, however, is that the independent variables are not 

observable at the current time. Therefore, I will use the following revised form to estimate 

stock returns: 

E[NRiJ+x - RF,+X ] = y,0 + r,iA, • (3.17) 

Note that Pt4 rather than Ptt+X is used The reasons for doing this are twofold. The first 

reason is that my primary goal is to estimate expected returns, not to explain stock 

returns. The second reason, which will become clear later, is diat given die estimation 

process employed to estimate beta, there should be no significant difference between the 

estimate of plt and the estimate of P,,+x. 

3.3 Data and Empirical Issues 

3.3.1 Data 

The major data sets that will be used for the purpose of empirical testing in this 

dissertation are the NYSE jstocks of the CRSP monthly tape from Decemberof1925 to 

Decem^l??6Jhe_ AMEX^pcks of the CRSP monthlytarxjjrom^yofJL962 to 

December 1996, the NASDAQ stocks of the CRSP monthly tape from_December 1972 to 
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December 1996, the annual COMPUSTAT database from 1962 to 1996,90 and one-month 

t-bill rate of Ibbotson & Associations' Stock , Bonds, Bills, and Inflation series on CRSP 

indices file from December of 1925 to December of 1996. Relevant variables generated 

from these data sets will be defined in detail when they first come up in the text. 

3.3.2 Stock Returns as Dependent Variables 

This dissertation will focus on portfolio returns rather than individual stock returns 

as the dependent variable in a regression model. The reasons for grouping stocks into 

portfolios are threefold The first reason is that the individual return generating process 

tends to be confounded by firm-specific noisy factors. The second reason is that since the 

empirical literature of the time-varying expected return models used in this dissertation 

focuses only on portfolio returns rather than index and individual returns, using portfolio 

returns makes it possible to link the results of this dissertation with previous empirical 

findings. The third reason is that mean reversion in stock returns has been mainly 

explored at the market aggregate level, but has not been fully examined at the sub-

portfolio level. 

Fama (1976, p. 347) suggests that portfolio formation may eliminate the 

information about die relationship between expected returns and risk, especially when 

portfolios are formed in such a way that they have extremely similar risk measures. The 

inverse of the statement by Fama (1976) is that the information about expected return-risk 

relationship can be well preserved when risk measures are used to stratify portfolios. This 

is because the dispersion of risk measure will be maximized when portfolios are formed 

according to the risk measure. Furthermore, since the risk measure has a significant 

relationship with stock returns, it follows that portfolio returns at a given point in time will 

90 To be more specific, the COMPUSTAT database used in this study consists of 
two parts: One is the 1981 database and the other is the 1996 database. However, die 
1981 COMPUSTAT database at Texas Tech University does not have the research file, 
some stocks are excluded from the sample for the period from 1962 to 1976. 
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spread out as the risk measure is used to form portfolios. Given these considerations, this 

dissertation will form portfolios according to some risk measures when possible. 

3.3.2.1 The Fama-French Three-factor Model 

Previous research shows that firm size (i.e., market value of common equity, 

denoted by ME, which is the product of price per share and number of shares 

outstanding) characterizes returns in such a way that small firms tend to have higher 

returns than large firms.91 In this manner, size-ranked portfolios tend to spread stock 

returns, which is what is intended. Chan and Chen (1988, Table I, p. 316), and Handa, 

Kothari, and Wasley (1989, Table 1, p. 85) report that tiiis is indeed the case. On the 

other hand, Rosenberg, Reid, and Lanstein (1985) document that there is a positive 

relationship between stock returns and book-to-market ratios (i.e., ratios of book value of 

common equity to market value of common equity, denoted by BE/ME). Lakonishok, 

Shleifer, and Vishny (1994, Table I, p. 1548) show that BE/ME - portfolios tend to 

spread returns in such a way that high BE/ME portfolios tend to have high returns. 

Moreover, Fama and French (1992) find that size and book-to-market ratio always have 

significant relationships with stock returns even when there are other variables in the 

regression. In their follow-up study, Fama and French (1993, Table 2, p. 15) also report 

that size and BE/ME double (i.e., independently) sorted portfolios have even more 

disperse returns such that big size and low BE/ME portfolios tend to have low returns, 

while small size and high BE/ME portfolios tend to have high returns. 

Given these empirical observations, I will follow Fama and French's (1993,1995, 

1996a) approach to forming size - BE/ME portfolios as die dependent variable in the 

three-factor model. At the end of year k - 1 , BE/ME measure of each individual stock 

which is on both the NYSE/AMEX/NASDAQ and the COMPUSTAT database is 

91 See, for example, Banz (1981). 

116 



calculated based on BE measure and ME measure at that time.92 Although there have 

been several slighdy different measures of BE used in finance literature, I follow Fama 

and French's (1993) definition of BE, which is defined as: 

BE - (Book value of stockholders' equity: item #216) 

+ (Balance sheet deferred taxes and investment tax credit: item #35) 

- (Book value of preferred stock: item#??). (3.18) 

Note that the "item #??" refers to the item number of the specified item on the annual 

COMPUSTAT database. Book value of preferred stock can be either the redemption 

value (item #56), the liquidation value (item #10), or the par value (item #130) (in that 

order) on COMPUSTAT data set. Following from Fama and French (1993), for the 

empirical test of the three-factor model, firms with negative end-of-year k -1 BE/ME 

are excluded from portfolio formation (both ME - ranked and BE/ME - ranked) at the 

end of June of year k. The differences between this dissertation and Fama and French 

(1993) regarding the empirical test design of the three-factor model are as follows: First, 

Fama and French do not include firms for forming portfolios (both ME - ranked and 

BE/ME - ranked) until they have been on COMPUSTAT for two years.93 while this 

92 At the end of December of year k - 1 , stocks on the COMPUSTAT database 
are matched with NYSE/AMEX/NASDAQ stocks on the CRSP tape according to cusip 
numbers on the two tapes. Note that there are six digits for the cusip number of each 
stock on the COMPUSTAT tape, while there are eight digits for the cusip number of each 
stock on the CRSP tape. Only the first six digits of the cusip numbers on the CRSP are 
used for matching stocks on these two tapes. The Unmatched stocks are excluded from 
the sample. 

93 This is one approach to mitigating survival bias (particular, the backfilling bias) 
on COMPUSTAT database. Kothari, Shanken, and Sloan (1995) suggest that the 
BE/ ME premium is mostiy due to the survivor bias of the COMPUSTAT data for book 
equity in that the survival of high BE/ME firms tends to increase the magnitude 
of BE/ME premium. However, Fama and French (1996a) argue that the survivorship 
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dissertation does not adopt this approach. Second, only CRSP's ordinary common equity 

stocks are used in Fama and French (1993), whereas this dissertation uses all the stocks. 

At the end of June of year k, all the qualified NYSE/AMEX/NASDAQ stocks are 

sorted into 5 portfolios according to the end-of-year k - 1 BE/ME in such a way that 

NYSE breakpoints for BE/ME are used to assign these NYSE/AMEX/NASDAQ stocks 

into these 5 portfolios. That is, the NYSE stocks are first ranked in an ascending order 

according to the (nonnegative) end-of-year k - 1 BE/ME. These NYSE stocks are then 

divided into quintile portfolios in such a way that the top (smallest) 20 percent of the 

ranked list is allocated to portfolio BM1 and the bottom (largest) 20 percent of the ranked 

list is assigned to portfolio BM5. Based on these four NYSE breakpoints for BE/ME, 

the qualified AMEX/NASDAQ stocks are assigned to any of the BE/ME quintile 

portfolios according to their individual (nonnegative) end-of-year k - 1 BE/ME 

measures. 

On the other hand, at the end of June of year k, ME of each individual stock on 

die qualified NYSE/AMEX/NASDAQ is calculated from die product of price per share 

and number of shares outstanding at that time. At the same time, all die qualified 

NYSE/AMEX/NASDAQ stocks are also sorted into 5 portfolios according to the end-of-

June-of-year k ME in such a way that, just as with the formation process of BE/ME 

quintile portfolios, NYSE breakpoints for ME are used to allocate these 

NYSE/AMEX/NASDAQ stocks into these 5 portfolios. Let portfolio 5Z1 be the 

smallest size quintile portfoUo. 

The intersection of these independent size quintile and BE/ME quintile portfolios 

generates 25 size - BE/ME portfolios in such a way that portfolio SZ - BM(i, j) 

consists of the stocks which are both in portfolio SZi and in portfoUo BMj. Value-

weighted monthly (nominal) returns on each of the 25 portfolios for the period from the 

have little effect on the validity of the three-factor model. Moreover, Chan, Jegadeesh, 
and Lakonishok (1995) discredit the survival bias argument. 
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end of July of year k to the end of June of year k +1 are calculated. This process is 

repeated annually. Note that the three-factor model proposed by Fama and French (1993, 

1995,1996a) has a book-to-market risk factor as one of its explanatory variables. Since 

book value of common equity data on COMPUSTAT are not available for the period 

preceding December of1962* the samglejjeriod of the three-factor model is only from 

1963 to 1996. In this manner, a time series of value-weighted monthly returns on each of 

the 25 size -BE/ME portfolios from June of 1963 to December of 1996 is obtained. A 

variance ratio test94 is used to examine whether or not excess returns (i.e., month t value-

weighted return minus month t T-bill rate) on each of the 25 size - BE/ME portfolios 

are negatively autocorrelated at some long horizons. The size - BE/ME portfolio 

formation process can be summarized in Figure 3.3 as follows: 

end of 
year k - 1 

end of June 
of year k 

BE/ME 
measured 

ME 
measured 

end of June 
of year k +1 

portfolio formation date: 
1. quintile portfolios by BE/ME 
2. quintile portfolios by ME 
3. intersection of ME quintile and 

BE/ ME quintile portfolios 
i value-weighted monthly returns 

on these 25 portfolios are calculated 

Figure 3.3 
Annually Adjusted Book-to-market/Size PortfoUo Formation Process 

for the Dependent Variable of the Three-factor Model 

94 Appendix B of this dissertation provides a detailed description of the variance 
ratio test and discusses the application of the variance ratio test to the empirical concerns 
of this dissertation. 
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3.3.2.2 The Capital Asset Pricing Model 

For the CAPM, I will follow Handa, Kothari, and Wasley (1989), and Kothari, 

Shanken, and Sloan (1995) to group all the NYSE and AMEX stocks into portfolios 

according only to ME measure. I offer two reasons to justify the use of size portfolios 

rather than beta portfolios. The first reason is that if betas have a positive relationship 

with returns, forming portfolios according to stock returns tends to make betas of 

portfolios dispersed. As discussed in the beginning of section 3.3.2.1, size portfolios tend 

to spread stock returns. It follows that size portfolios can spread betas of portfolios to a 

large extent. The second reason is that using size-sorted portfolios can avoid the 

measurement error of betas of beta-sorted portfolios due to regression tendency in betas. 

This regression tendency in betas in fact may explain die empirical observation by Kothari, 

Shanken, and Sloan (1995, p. 193) that "the spread in post-ranking beta [i.e., beta in the 

estimation period] is greater when portfoUos are formed on size (1.07 using beat-sorted 

portfolios as compared to 1.35 using size-sorted portfoUos)."96 Moreover, forming 

portfoUos according to size can save some computaional costs, compared with forming 

beta-sorted portfoUos, which needs to calculate beats of individual stocks in a portfolio 

formation period. 

At the end of June of year k, aU the NYSE and AMEX (when available) stocks 

are ranked from the smaUest to the largest according to size (i.e., ME). The top 

(smallest) 4 percent of the ranked stocks are assigned to portfolio MVl; the bottom 

(largest) 4 percent of the ranked stocks are assigned to portfolio MV25. Value-weighted 

monthly (nominal) returns on each portfolio for the next year (i.e., from die end of July of 

95 Handa, Kothari, and Wasley (1989, p. 83) point out that size portfolios "wiU 
spread portfoUo betas in the cross-section because Banz (1981), among others, documents 
that firm size and systematic risk are negatively correlated." 

96 As pointed out in Kothari, Shanken, and Sloan (1995), this empirical 
observation may explain why as reported in Kothari, Shanken, and Sloan (1995, Table n, 
p. 196), betas have a more significant relationship with returns on size-ranked portfoUos 
than that with returns on beta-ranked portfoUos. 
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year k to the end of June of year k +1) are calculated. This process is repeated annually 

until the end of the sample period. Since monthly return data on the CRSP tape date back 

to December of 1925, the sample period for the Capital Asset Pricing Model could go 

from July of 1926 to December 1996. To be more specific, given the portfolio formation 

process just mentioned, only the NYSE stocks are available for the period preceding June 

of 1963, while both the NYSE and the AMEX stocks are available after June 1963. In 

this manner, a time series of monthly returns on each of the 25 size-ranked portfoUos is 

recorded from July 1926 to December 1996. A variance ratio test is used to examine 

whether monthly excess returns (i.e., monthly nominal return minus one-month t-biU rate) 

on each of the 25 portfoUos are negatively autocorrelated at some long horizons. This 

annually adjusted size-ranked portfolio formation process is summarized in Figure 3.4 

below: 

end of June end of June 
of year k of year k +1 

ME 
measured 

portfolio formation 
date: 25 portfolios 

formed by ME 

value-weighted monthly returns 
on these 25 portfolios are calculated 

Figure 3.4 
Annually Adjusted Size Portfolio Formation Process 

for the Dependent Variable of the 
Capital Asset Pricing Model 

Since the sample period for die CAPM, which runs from 1926 to 1996, is quite 

long, I will advance a second type of portfolio stratification for the dependent variable of 
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the CAPM. At the end of June of year k, all the then existing NYSE and AMEX stocks 

are ranked in an ascending order according to their individual historical average firm size 

measures (denoted by ME), which are calculated according to: 

i Juruk 
ME""=TT H{ME^I„(ME)), 

l*n h=Dec.inS 

In(ME) = l if ME yO 
A . (3.19) 

= 0 otherwise 

where A/is *,„ is firm n's monthly historical average market equity at the end of June of 

year k, MEnJi is firm n's month h market equity (i.e., the product of price per share and 

number of shares outstanding at the end of month h), Nn is the number of months in 

which ME is greater than zero for the period from December 1925 the end June of year 

k, and In(ME) is an indicator function of ME. Note that k is set to be either 1935, 

1945, 1955, or 1965. At the end of June of year k, the ME -ranked stocks are tiien 

divided into 25 portfolios so that portfolio ME * 1 has the top (smaUest) 4 percent of the 

ranked stocks and ME * 25 has the bottom (largest) 4 percent of the ranked stocks. 

Value-weighted monthly returns on each portfoUo are calculated for die period from the 

end of July of year k to the end of December of 1996. A variance ratio test is used to 

examine whether there is mean reversion in excess returns on each of these ME - ranked 

portfoUos. This crawl forward size-ranked portfoUo formation process is summarized in 

Figure 3.5 below. 

In the first type of portfoUo stratification in which portfoUos are annuaUy adjusted 

according to individual firm size measures at the end of June of each year, the content of a 

given portfoUo can change from one year to the next, since the portfolio a given stock is 

assigned to this year might be different from the portfolio the stock is assigned to the next 

year. In the ME -ranked portfolio formation process, a firm is assigned to a specific 
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portfolio at die end of June of year k and stays in the portfolio throughout the sample 

period as long as it survives the sample period. However, during the period between the 

end of June of year k and the end of year 1996, the content of a specific ME -ranked 

portfoUo may stdl change over time due possibly to deUsting, mergers, or acquisition. 

Nevertheless, these two types of portfolio stratification could have different empirical 

January 
of 1926 

end of June 
of year k k = 1935,1945,1955,1965 

MEk,n 

measured 

portfolio formation 
date: 25 portfolios 

formed by MEk,n 

December 
of 1996 

value-weighted monthly returns 
on these 25 portfolios are calculated 

Figure 3.5 
Crawl Forward PortfoUo Formation Process 

for the Dependent Variable of the 
Capital Asset Pricing Model 

implications. Suppose that there is consistendy mean reversion in returns of annually 

adjusted portfoUos with low size ranks. The empirical evidence enables us to conclude 

that smaU annuaUy adjusted size portfolios tend to have mean reverting returns, but not to 

conclude that firms which are historically smaU at a given point in time tend to have mean 

reversion in their future returns. However, if there is consistendy mean reversion in 

returns of crawl forward portfolios with low size ranks, then this is evidence consistent 

with the hypothesis that for a firm which has been historicaUy small, it tends to have mean 
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reverting future returns. Furthermore, it might be interesting to see whether the way in 

which a portfoUo is formed has an impact on the empirical results. 

3.3.3 Empirical Test Design for the Three-factor Model 

The original form of the three-factor model proposed by Fama and French (1993, 

1995,1996a) is as follows:97 

E[NRit -RF,] = al +biE[RM, -RF^s^SMB^h^HML,]. 

Note that this model foUows from taking expectations of both sides of equation (3.14). 

The procedure of obtaining (NRit - RF,) was discussed in section 3.3.2.1. Like the 

dependent variable, the explanatory variables here will be defined in exacdy the same way 

as those in Fama and French (1993). RM, is the value-weighted returns of all die 

qualified stocks at the end of month t. However, unlike Fama and French (1993), this 

dissertation does not include the stocks with negative BE/ME in calculating die market 

returns. SMB, and HML, are obtained through the foUowing procedure: At the end of 

June of year k, aU the quaUfied stocks (see section 3.3.2.1 of this dissertation for a 

discussion) are assigned to six size - BE/ME portfolios from the intersection of two size 

portfolios and three BE/ME portfoUos. The two size portfolios are formed according to 

individual ME, which is the product of price per share and number of shares at the end of 

June of year k. The three BE/ME portfolios are formed according to individual 

BE/ ME, which is the book common equity at the end of December of year k -1 divided 

by the market equity at die end of the December. At the end of June of year k, the two 

size-ranked portfoUos (Small, Big) are formed in such a way that aU the quaUfied NYSE 

and AMEX stocks are separated by the median size of NYSE stocks. At the end of June 

of year k, the tiiree BE/ME - ranked portfolios (Low, Middle, High) are formed in such 

97 See, in particular, Fama and French (1996a, equation 1, p. 55). 
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a way that all the quaUfied NYSE/AMEX/NASDAQ stocks are separated by top 30 

percent, middle 40 percent, and bottom 30 percent of the values of ranked end-of-year 

k - 1 BE/ME for the NYSE stocks. That is, these two NYSE breakpoints for end-of-

year k - 1 BE/ME are used to assign aU the qualified NYSE/AMEX/NASDAQ stocks to 

any of the three BE/ME - ranked portfoUos. 

These six portfolios' value-weighted monthly (nominal) returns are calculated for 

the next one-year period (i.e., from the end of July of year k to the end of June of year 

k +1). This procedure is repeated annually for the period from June of 1963 to December 

of 1996. In this manner, a time series of value-weighted monthly returns on each of these 

six portfoUos is obtained: 

Low BE / ME Middle BE/ME High BE/ME 

SmaU size VW(S/L), VW(S/M), VW(S/H), 

Big size VW(B/L), VW(B/M), VW(B/H), 

Note that VW(*)t means the month t value-weighted return on portfoUo •. For month 

t, SMB, and HMLt are dien defined as foUows: 

s m _ VW(S/L), +VW(S/M), +VW(S/H), 
' 3 

VW(B/L), +VW(B/M), +VW(B/H), 
(3.20) 

VW(S/H), +VW(B/H), VW(S/L), +VW(B/L), 
nMLt = - . (3.21) 

In tiiis manner, two time series of monthly observations of SMB, and HML, are obtained. 

The process of obtaining RM,, SMB,, and HML, can be summarized in Figure 3.6. 
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end of 
year k-

1 
1 

BE/ME 
measurec 

end of June 
1 of year k 

1 
1 

ME 
measured 

portfolio formation date: 
1. three portfoUos by BE/ME 
2. two portfolios by ME 
3. intersection of the two ME and 

the three BE/ME portfolios 

end of June 
of year k + 1 

1. value-weighted monthly returns of 
all the qualified stocks are obtained 
as the market portfolio returns 

2. value-weighted montiily returns of 
these 6 portfolios are calculated 

3. SMB, is calculated according to 
equation (3.20) 

4. HML, is calculated according 
equation (3.21) 

Figure 3.6 
Construction of Market Risk Premium, Size Risk 

Premium, and Book-to-market Risk Premium 
for the Three-factor Model 

Since the diree-factor model is originally advanced in a form that the dependent 

and independent variables are contemporaneous, there is difficulty involved in applying 

this three-factor model to estimate future expected returns. Therefore, I use Fama and 

MacBeth's (1973) cross sectional regression approach to estimating expected returns. At 
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the end of month t, for portfolio / , I estimate (bit, slt, hl() by running the following 

OLS time series regression:98 

AERU = ccit + bitAERMj + st,AESMBj + hitAEHMLj + etJ (3.22) 

where j = t - 59,• • •,t; AERitJ is portfolio i's annualized excess return (i.e., annualized 

risk premium) at the end of month j by compounding portfoUo i's 12 monthly excess 

returns preceding the beginning of month j + l; AERMj is the annualized market risk 

premium at the end of month j by compounding the 12 market portfoUo's monthly excess 

returns preceding die beginning of month y' + l; AESMBj is the annualized size risk 

premium at the end of month j by compounding the 12 monthly size risk premia 

preceding the beginning of month j +1; AEHML} is the annuaUzed book-to-market risk 

premium at the end of month j by compounding the 12 monthly book-to-market risk 

premia preceding month j + l. 

Therefore, equation (3.22) is run based on annual overlapping observations within 

a 5-year monthly moving window preceding month t. Note that the use of annual 

observations to estimate risk sensitivities foUows from the empirical finding of Handa, 

Kothari, and Wasley (1989) that betas have a more significant relationship with stock 

returns when they are estimated from annual returns. However, unlike Handa, Kothari, 

and Wasley (1989) in which a 15-year annually moving window with nonoverlapping 

annual observations is employed for estimating betas, this dissertation uses a 5-year 

monthly moving window with overlapping annual observations to estimate betas. 

Therefore, there are 60 sets of annual observations in equation (3.22), while only 15 sets 

of annual observations are used in estimating betas in Handa, Kothari, and Wasley (1989). 

98 In fact, I need to make sure that these variables are not integrated before I run 
the time series regression. However, since this type of time series regression has been 
done quite a lot in finance Uterature, I will skip the test of integration of die variables. 
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Furthermore, as pointed out by Hansen and Hodrick (1980), the use of overlapping 

observations utilizes the information of the data more effectively.99 

Since there are 25 portfolios, there are 25 time series regression (equation 3.22) to 

run at any given month. Therefore, at the end of month t, I can obtain 25 sets of 

(bit, sit, hit) where / = 1,2,- • • ,25. I am then able to extract month f + 1 expected excess 

return by running the foUowing OLS cross sectional regression: 

M?,-,+1 - RFt+x = y0>f + Yi.K + riA,, + 73 A< + eu+i • (3-23) 

If the three fact model is a good model to price stocks, the intercept term should be close 

to zero and the other coefficients should be different from zero. The predicted value of 

the cross sectional regression, (y0, + yXt,biy, + y2,A-,, + 73,A,)» is taken as the estimated 

month t +1 expected excess returns of portfolio i and eit+x is taken as the month t +1 

residual return of portfoUo i. This process is repeated monthly from the end of June of 

1969 to the end of December of 1996. In this manner, a series of monthly expected 

(excess) returns of each portfolio and a series of monthly residual returns of each portfolio 

are obtained for the sample period A variance ratio test is then appUed to examine 

respectively whether there is negative autocorrelation at some long horizons in the two 

time series of expected returns and residual returns. I now summarize die above expected 

and residual return estimation process in Figure 3.7 below. 

99 However, unlike Hansen and Hodrick, I will not apply the General Method of 
Moment approach to adjust the residual covariance matrix. The reason is that equation 
(3.23) is used primarily for estimation purpose but not for hypothesis testing. 
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r —71 r-59 

Independent var.: 
[RM - RF] 

SMB 

HML 

Dependent var.: 
portfolio #1: 

(NRX-RF) 

portfoUo #25: i-
(NRv-RF) 

7 = r-59,r-58,---,r f + 1 

60 monthly overlapping annual observations 

60 monthly overlapping annual observations 

60 monthly overlapping annual observations 

60 monthly overlapping annual excess returns 

60 monthly overlapping annual excess returns 

At the end of month t, for 
portfolio i , equation (3.22) is 
run to obtain (bit, sit, hit) 

Equation (3.23) is run across the 25 
portfolios to estimate time t +1 
expected and Residual returns 

V 

Figure 3.7 
Empirical Procedure for Estimating Expected and Residual 

Returns under the Three-factor Model 

In order to examine whether the coefficients of equation (3.23) are significantly 

different from zero, t statistics of the four coefficients are obtained according to: 

t, = c S(yc)/jT^l 
c= 1,2,3,4 (3.24) 
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- l r whereyc=-2,yc>/, 
* f=0 

s(rc) = J^£(yc,-fc)2 

f=0 

Note that T is the number of months during the period in which equation (3.23) is run. In 

fact, the t statistic obtained according to equation (3.24) is just the time series average of 

a specific slope divided by the slope's standard error.100 

3.3.4 Empirical Test Design for the Capital Asset Pricing Model 

Just as witii the diree-factor model, the CAPM has contemporaneous dependent 

and independent variables. That is, in its original form, the CAPM offers no help in 

estimating future expected returns. Therefore, I will foUow Fama and MacBeth's (1973) 

cross sectional regression approach to converting the CAPM to a form which is useful in 

estimating expected returns. At the end of month t, for portfolio i, I estimate bit 

through the following OLS time series regression: 

ANRiJ=ai>t+bi>,ARMj + eiJ, j = t-59,-,t. (3.25) 

ANRi j is the annual value-weighted nominal return of portfoUo i at the end of month j 

and is obtained by compounding portfolio i's 12 monthly value-weighted nominal returns 

preceding the beginning of montii j +1. ARM; is die annual value-weighted nominal 

return, measured at the end of month j , of the market portfolio consisting of aU the 

stocks in the 25 annuaUy adjusted size portfoUos and is obtained by compounding the 

market portfoUo* s 12 monthly value-weighted nominal returns preceding the beginning of 

100 See, for example, Fama and French (1992, Table in, p. 439), and Fama and 
MacBeth(1973,p.619). 
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I , ' 

month j +1. Since I have 25 portfolios, at the end of month t, I can obtain a series of b 

where i = 1,2,•••,25. Then, I can run the following OLS cross sectional regression to 

estimate month t +1 expected excess returns: 

NRu+i ~ RPt+i = 70, + 7,At + *.-.i+i • (3.26) 

Note that die predicted value of the cross sectional regression, (y0t + yxtbit), is taken as 

the estimated time t +1 expected excess return of portfolio i and ei l+1 is taken as the 

time t +1 residual return of portfolio i. This process is repeated mondily for the sample 

period. In this manner, a series of monthly (excess) expected returns and a series of 

monthly residual returns of each portfolio are obtained. In addition to applying equation 

(3.24) to examine whether the coefficients of equation (3.26) are significandy different 

from zero, a variance ratio test wiU be applied to examine whether there is negative 

autocorrelation at some long horizons in these two time series. This empirical procedure 

can be summarized in Figure 3.8 below. 

In summary, 25 annuaUy adjusted size portfoUos, four sets of 25 crawl forward 

size portfoUos, and 25 annuaUy adjusted book-to-market/size portfoUos are to be formed. 

For the size ranked portfoUos, the Capital Asset Pricing Model is used to extract expected 

and residual returns from ex post returns, whereas for the book-to-market/size portfolios, 

the Fama-French three-factor model is employed A variance ratio test will then be used 

to examine the autocorrelation structure in stock returns, expected returns, and residual 

returns. Table 3.2 below outlines the portfoUo formation procedure, and the expected and 

residual returns estimation procedure. 
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t-12 t-60 

Independent var. 
[MR-RF] 

Dependent var.: 
portfolio #1: 

(NRX-RF) 

• • • • 

portfolio #25: 
(AWa - RF) 

j = t-60,t-59,-,t f + 1 

60 monthly overlapping annual observations 

60 monthly overlapping annual excess returns 

60 monthly overlapping annual excess returns 

At the end of month t, for portfolio i 
equation (3.25) is run to obtain bu 

Equation (3.26) is run across the 25 portfolios to estimate 
lime t +1 expected and residual return 

Figure 3.8 
Empirical Procedure for Estimating Expected and Residual 

Returns under the Capital Asset Pricing Model 

Table 3.2 
A Summary of the Portfolio Formation Procedure, and the 

Expected and Residual Return Estimation Procedure 

Type of portfolio Portfolio Formation 
Expected and residual 

return estimation 
Twenty-five annually adjusted size portfolios 
formed at the end of June of each year 

Four sets of 25 crawl forward size portfolios 
formed respectively at the end of June of 1935, 
1945,1955, and 1965 

Twenty-five annually adjusted book-to-market/size 
portfoUos formed at the end of June of each year 

Summarized in 
Figure 3.4 

Summarized in 
Figure 3.5 

Summarized in 
Figure 3.3 

Implementing equations 
(3.24), (3.25), and (3.26) 

Implementing equations 
(3.24), (3.25), and (3.26) 

Implementing equations 
(3.22), (3.23), and (3.24) 
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CHAPTER IV 

EMPIRICAL RESULTS 

4.1 Summary Statistics for PortfoUos 

This section presents summary statistics for some of the important characteristics 

of annuaUy adjusted size portfolios, crawl forward size portfoUos, and annuaUy adjusted 

book-to-market/size portfoUos. Table 4.1 reports summary statistics for the 25 annuaUy 

adjusted size portfoUos of aU the NYSE/AMEX stocks, formed at the end of June of each 

year and denoted by AS I - AS 25, for the period from July 1926 to December 1996. 

Since AMEX stocks were added into the sample after June 1963, Table 4.1 also reports 

summary statistics for the period from July 1963 to December 1996. Monddy excess 

returns are defined to be the difference between monthly nominal returns and t-bill rate for 

the month. Note diat unless otherwise mentioned, all return measures in this dissertation 

are value-weighted. The time series (arithmetic) mean of a portfoUo monthly excess 

returns is obtained by averaging the portfolio's monthly excess returns during the relevant 

sample period. It can be seen from Table 4.1 that the mean of an annuaUy adjusted size 

portfotio's (monthly) excess returns decreases approximately monotonicaUy with its size 

rank during the sample period from July 1926 to December 1996.101 For the sample 

period from July 1926 to December 1996, the standard deviation of an annuaUy adjusted 

size portfoUo's excess returns behaves in approximately die same manner as the mean of 

the portfoUo's excess returns. For the sample period from July 1963 to December 1996, 

the mean and standard deviation of an annuaUy adjusted size portfoUo's excess returns still 

have an approximately monotonic relationship widi the portfoUo's size rank. 

Table 4.1 also reports the mean and standard deviation of an annuaUy adjusted size 

portfoUo's excess returns by exchange. PortfoUo excess returns by exchange are obtained 

as foUows: First, at the end of each month, within an annuaUy adjusted size portfoUo, 

101 This is similar to the result reported by Handa, Kothari, and Wasley (1989) that 
equal-weighted portfolio returns of NYSE and AMEX stocks for the period from 1941 to 
1982 decline approximately linearly from the smaUest size portfoUo (ventile 1) to the 
largest size portfolio (ventile 20). 
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NYSE and AMEX stocks are separated from each other. Then, value-weighted monthly 

excess returns of each of the two groups of stocks (one is for NYSE stocks and the other 

is for AMEX stocks) are calculated. Although low-rank annuaUy adjusted size portfoUos 

(i.e., firms with small market equity) seem to have higher excess returns by exchange than 

high-rank annually adjusted size portfolios, compared with previous results, the monotonic 

relationship between the mean of an annuaUy adjusted size portfolio's excess returns by 

exchange and the portfolio's size rank is even weaker, and so is the standard deviation. 

The result impties that die monotonic relationship between the mean of a portfolio's 

excess returns and the portfolio's size rank is somewhat sensitive to how the stocks are 

assigned into a portfoUo, since the number of securities in a portfoUo is not identical 

across the 25 portfolios by exchange. It appears that average excess returns of portfolios 

with only NYSE stocks are generally a bit higher than those of portfolios with only 

AMEX stocks. Furthermore, for low size-rank portfolios, the standard deviation of 

excess returns of portfoUos with only AMEX stocks is smaUer than that of portfoUos with 

only NYSE stocks, while the opposite case holds for high size-rank portfoUos. 

Basically, the number of securities in the 25 annually adjusted size portfolios 

increases over time with a jump in July 1963 when AMEX stocks were added into the 

CRSP tape. The mean of the number of securities in a portfoUo is the time series 

(aridimetic) average of the monthly observations during the sample period. Since some 

securities have missing returns at some points in time during the sample period, die 

number of securities in a portfoUo is not constant during the period from July of one year 

to June of the next year.102 This explains why the average numbers of securities in the 25 

annuaUy adjusted size portfolios are not the same, even though tiiese portfoUos are formed 

by evenly dividing all the stocks existing at the end of June of each year into 25 groups. 

Nevertheless, die 25 annually adjusted size portfoUos stiU have approximately the same 

102 Several reasons may account for a stock's missing returns at some points in 
time from the end of July of year t to the end of June of year t +1. One reason is that for 
some reasons returns of the stock are not available on the CRSP tape. Another reason is 
that the stock may be deUsted from NYSE/AMEX due possibly to merger or acquisition, 
and/or exchange switch. 
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average number of securities. During the whole sample period, the minimum number of 

securities in an annuaUy adjusted size portfolio is around 20, whereas the maximum 

number of securities is around 137. Furthermore, the number of securities in the market 

portfoUo averages about 861 (minimum is 518 and maximum is 1148) during the period 

prior to July 1963, whereas it averages about 2424 (minimum is 1975 and maximum is 

3415) during the period after July 1963. 

Table 4.1 also indicates that during the post July 1963 period, the number of 

AMEX securities in an annuaUy adjusted size portfoUo declines with the portfolio's size 

rank, while the number of NYSE securities increases with the portfoUo's size rank. In 

particular, AMEX stocks account for 86.8 percent of the NYSE/AMEX stocks for the 

first five annually adjusted size portfolios, 54.6 percent for the second five portfoUos, 25.2 

percent for die third five portfolios, 10.8 percent for the fourth five portfolios, and 3.9 

percent for the last five portfolios. Furthermore, for the first eight annually adjusted 

size portfoUos, AMEX stocks are in the majority. On average, AMEX stocks account for 

36 percent of the securities in a portfolio.104 At least two factors contribute to this result: 

one is that AMEX stocks tend to be small and the other is that the 25 annuaUy adjusted 

size portfolios are formed according to size (i.e., market equity) ranks in such a way that 

they have the same number of stocks on the portfolio formation date. These two factors 

in fact also explain the observation that the average size (i.e., market equity) of a portfolio 

does not increase proportionaUy to the size rank of the portfolio. Note that the average 

size of a portfoUo is the time series (arithmetic) mean of a portfolio's annual average end-

of-June market values, where the annual average end-of-June market value is the cross 

sectional arithmetic average of end-of-June market values of the individual firms in the 

103 These percentage numbers are not direcdy shown in Table 4.1 but can be easily 
obtained from the information in the table. For example, from the panel "Number of 
securities in a portfoUo by exchange," it can be seen that 86.8 percent is equal to 
(84.6+86.7+84.0+80.8+74.9) divided by (90.1+94.9+95.8+95.9+96.7). 

104 This can be obtained through dividing the average number of AMEX securities 
across the 25 portfoUos by the average number of NYSE/AMEX securities across the 25 
portfolios (i.e., 34.8/(34.8+62.2)). 
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portfoUo. There is a huge spread in average portfolio size (i.e., market equity) from 

portfoUos AS 22 to AS 25, and particularly between portfolios AS 24 and AS 25. The 

disproportional distribution of the average size of the 25 annually adjusted size portfolios 

is in fact the primary reason for the observation that the time series (arithmetic) mean of 

value-weighted excess returns of the MAS portfolio, which consists of all the stocks in 

the 25 annually adjusted size portfolios, is more similar to those of large annuaUy adjusted 

size portfolios. 

Table 4.2 summarizes some important statistics for the 25 June-1935 crawl 

forward105 size portfolios of NYSE stocks, based on all the NYSE stocks existing at the 

end of June of 1935 and denoted by CAl - CA25, for the period from July 1935 to 

December 1996. Although low-rank portfolios on average seem to have higher average 

monthly excess returns, there is no obvious monotonic relationship between the mean of a 

CA portfoUo's monthly excess returns and the size rank of the portfoUo. A similar 

argument can be made for the standard deviation of a CA portfoUo's monthly excess 

returns. Since the CA portfolios are formed by the stocks existing at the end of June of 

1935 and since they survive the sample period from July 1935 to December 1996, the 

number of securities in each of the 25 CA portfoUos decreases during the sample period 

due possibly to delisting, merger, or acquisition. In particular, portfoUo CA2 has no 

securities during the period from June 1988 to December 1996. PortfoUos CAl, CA10, 

and C415, respectively, have had only one security since July 1996, December 1995, and 

January 1990. The total number of securities in the 25 CA portfoUos decreases from 700 

at the beginning of the sample period to 140 at the end of the sample period. Therefore, 

only 20 percent of the original stocks survive the sample period Table 4.2 also indicates 

that large CA portfoUos on average have more securities than smaU CA portfolios. This 

says that smaU stocks are more likely to disappear from the exchange than large stocks. 

The portfoUo's size (i.e., market equity) at the beginning of the sample period (i.e., the 

105 Note that in this dissertation, "crawl forward" means that once the portfolios 
are formed, the composition of the securities in each portfolio is not adjusted during the 
sample period, except for securities which drop out due to mergers, deUstings, etc. 
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end of June of 1935 for the CA portfolios) is obtained by averaging the historical average 

size measures of all the firms in the portfolio, where the historical average size measure of 

a firm is the sample mean of the firm's nonmissing monthly market values (end-of-month 

number of shares outstanding times end-of-month price) for the period from December 

1925 to the beginning of the sample period. Equation (3.19) of this dissertation shows 

how the historical average size measure of a firm is calculated. On the other hand, the 

portfoUo's time series average size (i.e., market equity) from the beginning of the sample 

period to December 1996 is obtained as follows: 

( i ^ ^ 1 L ( 1 N» 
Average size for portfolio i = — £ —— ]£ ME^ (4.1) 

where 
( { N,. \ 

KNi>' \ ,- i 
tMK = 0 ifW,-, =0 

Note that F in the first month of the sample period; L is the last month of the sample 

period; T is the total number of months in which portfoUo i has at least one security; 

ME^ is the market equity of the nth security in portfoUo i at the end of month t; Nit, 

is the number of securities in portfoUo i at the end of month t. That is, the portfoUo 

average size (i.e., market equity) for the sample period is the sample mean of the nonzero 

monthly average size measures of the portfoUo and the monthly average size measure of 

the portfoUo is obtained by averaging across the market values of the firms in that 

portfoUo at the end of the month. As shown in the last two columns of Table 4.2, 

although the largest CA portfoUo remains the largest at the end of the sample period, aU 

other CA portfoUos experience a dramatic change in their size ranks. PortfoUos that start 

with a smaU size (i.e., market equity) do not necessarily end up being smaU. This result 

actuaUy impUes that should an annuaUy adjusted size portfoUo formation approach have 

been employed, stocks would have switched from one portfolio to another during the 

sample period. 
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Table 4.3 reports summary statistics for the 25 June-1945 crawl forward size 

portfolios of NYSE stocks, based on all the NYSE stocks existing at the end of June of 

1945 and denoted by CBl - CB25, for the period from July 1945 to December 1996. 

Table 4.4 presents summary statistics for the 25 June-1955 crawl forward size portfolios, 

based on all the NYSE stocks existing at the end of June of 1955 and denoted by 

CC1 - CC25, for the period from July 1955 to December 1996. Table 4.5 reports 

summary statistics for the 25 June-1965 crawl forward size portfoUos, formed by all the 

NYSE and AMEX stocks existing at the end of June of 1965 and denoted by 

CDl - CD25, for the period from July 1965 to December 1996. As shown in Tables 4.3, 

4.4, and 4.5, similar arguments for CA portfoUos about the behavior of the average 

portfoUo excess returns, the standard deviation of portfoUo excess returns, the average 

number of securities in a portfoUo, and the average size of a portfolio can be applied to 

CB, CC, and CD portfoUos. Approximately similar to that of CA portfoUos, only 23-

27 percent of securities in CB, CC, and CD portfoUos survive the sample periods. In 

general, although aU the crawl forward size portfolios have more than 25 securities at the 

beginning of the sample period, many of them end up with fewer than 10 securities at the 

end of the sample period, particularly for CA, CB, and CC portfoUos. Therefore, the 

behavior of these portfoUos, particularly for the periods toward the end of the sample 

period, is in fact dominated only by several securities.106 Table 4.5 also indicates that like 

the annuaUy adjusted size portfoUos in Table 4.1, high-rank CD portfoUos have more 

NYSE stocks, whereas low-rank CD portfolios have more AMEX stocks. There are 

1239 NYSE securities and 908 AMEX securities at the end of June of 1965. However, 

there are only 463 NYSE securities and 66 AMEX securities at the end of December 

106 Consequently, the diversification effect through portfoUo formation is 
mitigated. This might have some effects on the test regarding the predictive power of 
betas on returns, since here the market risk is the focus. However, the decrease in the 
number of securities in a crawl forward size portfoUo may have a less effect on the 
variance ratio test results for excess returns of the portfoUo, since it is not clear whether 
only the market (undiversifiable) risk matters in this context In fact, the empirical results 
presented later in this chapter tend to indicate that the market risk should not be the focus 
in testing for the existence of stationary price components. 
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Table 4.2 
Summary Statistics for the 25 June-1935 Crawl Forward Size Portfolios 

of NYSE Stocks from July 1935 to December 1996 

Port. 

CAl 
CA2 
CA3 
CA4 
CA5 

CA6 
CA7 
CA8 
CA9 
CA10 

CA11 
CA12 
CAl 3 
CA14 
CA15 

CA16 
CA17 
CA18 
CA19 
CA20 

CA21 
CA22 
CA23 
CA24 
CA25 
MCA 

Portfolio 
excess returns 

Mean 

0.0100 
0.0122 
0.0082 
0.0092 
0.0090 

0.0102 
0.0100 
0.0086 
0.0107 
0.0097 

0.0077 
0.0077 
0.0085 
0.0088 
0.0086 

0.0077 
0.0078 
0.0082 
0.0073 
0.0074 

0.0073 
0.0074 
0.0072 
0.0063 
0.0070 
0.0071 

Std. 

0.0806 
0.0838 
0.0819 
0.0684 
0.0685 

0.0664 
0.0903 
0.0666 
0.0584 
0.0612 

0.0634 
0.0608 
0.0572 
0.0615 
0.0594 

0.0519 
0.0533 
0.0601 
0.0504 
0.0532 

0.0529 
0.0509 
0.0434 
0.0480 
0.0416 
0.0436 

Number of securities 
in a portfolio 

Mean 

11.2 
10.4 
12.0 
13.9 
14.3 

15.5 
13.1 
14.9 
17.6 
14.2 

16.7 
14.2 
17.0 
13.6 
17.5 

17.7 
19.0 
18.4 
16.7 
17.7 

20.8 
19.7 
19.7 
22.1 
25.5 

413.4 

End 

4 
0* 
4 
3 
2 

5 
1 
4 
7 
1 

6 
4 
6 
3 
1 

5 
9 
4 
5 
6 

11 
12 
8 

10 
19 

140 

Beg. 

28 
26 
27 
28 
28 

28 
28 
28 
28 
29 

28 
27 
28 
28 
28 

29 
28 
28 
29 
28 

28 
29 
28 
27 
29 

700 

Portfolio size at 
the end of 

June of 1935 

777.49 
1501.14 
2273.75 
3008.96 
3676.93 

4216.27 
4966.71 
5646.71 
6442.85 
7657.91 

9116.95 
10462.41 
11945.32 
14339.57 
17494.57 

20583.41 
24087.30 
29246.31 
36223.34 
47811.41 

62699.28 
86638.22 

135326.85 
204016.38 
597203.38 

Average port, size 
from July 1935 
to Dec. 1996 

417939.77 
123257.77 
131378.86 
396069.59 
890999.82 

1937810.12 
276727.42 
276596.73 

2000587.66 
817203.57 

288609.86 
456887.43 
650199.19 
760073.11 
366745.50 

1122644.94 

1210188.57 
241947.15 
882129.91 
600462.78 

1066787.27 

3175602.33 
2412239.11 
1808034.43 
7336569.00 

* PortfoUo CA2 contains no security during the period from June 1988 to December 19%. 
All the return measures are value-weighted. PortfoUo monthly excess return is the difference between portfolio 
monthly nominal return and t-bill rate for the month. Means of a portfoUo's excess returns and of the numbers of 
securities in the portfoUo are the time series (arithmetic) average of monthly observations for the period[from July 
1935 to December 1996. Except for portfoUo CAl which has only 635 monthly observations, all the CA portfolios 
have 738 monthly observations. The information about the numbers of securities in each portfoUo at the begmiung 
and the end of the sample period is also given. The size of a portfoUo at the beginning of the sample period is the 
cross sectional (arithmetic) average of historical average size measures of aU the firms in the portfoUo at that time 
and the historical average size measure of a firm is the time series (arithmetic) mean of the firm s nonmissing 
monthly market values for the period from December 1925 to the beginning of the sample period ( * * ^ ° n 3 1 9 

of this dissertation). Note that the 25 crawl forward size portfolios are formed by evenly dividing the NYSE stocks 
existing at the end of June of 1935 into 25 groups according to ranks of these individual historical averagesrze 
measures and these portfolios are not adjusted during the sample period. The portfoUo average size from July 1935 
to December 1996 is the time series (arithmetic) average of monthly average size measures of the portfolio and the 
monthly average size measure of the portfoUo is obtained by averaging across the market values of the firms in that 
portfoUo at the end of the month (see equation 4.1 of this dissertation). Note that size measures are in thousands. 
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Table 4.3 
Summary Statistics for the 25 June-1945 Crawl Forward Size Portfolios 

of NYSE Stocks from July 1945 to December 1996 

Port. 

CB1 
CB2 
CB3 
CB4 
CB5 

CB6 
CB7 
CB8 
CB9 
CB10 

CBU 
CB12 
CB13 
CBU 
CB15 

CB16 
CB17 
CB18 
CB19 
CB20 

CB21 
CB22 
CB23 
CB24 
CB25 
MCB 

PortfoUo 
excess returns 

Mean 

0.0074 
0.0068 
0.0071 
0.0072 
0.0079 

0.0073 
0.0080 
0.0073 
0.0073 
0.0068 

0.0073 
0.0079 
0.0059 
0.0074 
0.0074 

0.0077 
0.0067 
0.0080 
0.0084 
0.0078 

0.0086 
0.0064 
0.0062 
0.0056 
0.0067 
0.0066 

Std. 

0.0741 
0.0680 
0.0623 
0.0669 
0.0601 

0.0654 
0.0693 
0.0579 
0.0577 
0.0500 

0.0546 
0.0561 
0.0531 
0.0467 
0.0536 

0.0550 
0.0531 
0.0524 
0.0476 
0.0453 

0.0459 
0.0454 
0.0454 
0.0412 
0.0380 
0.0395 

Number of securities 
in a portfolio 

Mean 

16.0 
13.5 
15.2 
17.7 
19.4 

18.0 
18.7 
16.3 
19.6 
18.8 

20.3 
20.0 
21.8 
19.8 
21.4 

16.7 
21.2 
19.0 
25.1 
23.1 

20.6 
26.6 
26.0 
25.4 
30.2 

510.6 

End 

5 
1 
2 
6 
6 

3 
2 
3 

10 
7 

9 
3 
7 
8 
9 

1 
7 
4 

10 
13 

9 
15 
15 
13 
23 

191 

Beg. 

33 
34 
34 
33 
34 

34 
34 
33 
34 
34 

33 
34 
34 
34 
33 

34 
34 
33 
34 
34 

34 
33 
34 
34 
34 

843 

PortfoUo size at 
the end of 

June of 1945 

1134.41 
1965.43 
2868.28 
3593.42 
4299.28 

5031.78 
5811.77 
6606.61 
7525.09 
8589.57 

9673.85 
10910.30 
12343.33 
14099.71 
16104.39 

18077.43 
20953.65 
25091.05 
31090.00 
38960.45 

51746.35 
72213.29 

108988.57 
182401.45 
559739.84 

Average port, size 
from July 1945 
to Dec. 1996 

289847.83 
134922.78 
367879.80 
450517.12 
943204.61 

126278.96 
182819.50 
357290.65 
393663.10 
644648.44 

618880.41 
322453.70 
222133.83 

1502562.58 
935613.91 

828531.85 
1370096.41 
685408.26 

2730233.94 
1925050.80 

1193644.31 
1560892.84 
2853749.48 
2297438.08 
8008949.37 

AU the return measures are value-weighted. PortfoUo monthly excess return is the difference between portfolio 
monthly nominal return and t-bill rate for the month. Means of a portfoUo's excess returns and of the numbers of 
securities in the portfoUo are the time series (arithmetic) average of 618 monthly observations for the period from 
July 1945 to December 1996. The information about the numbers of securities in each portfoUo at the beginning and 
the end of the sample period is also given. The size of a portfoUo at the beginning of the sample period is the cross 
Tectional (arithmetic) average of historical average size measures of all the firms in me portfoUo at that time and the 
historical average size measure of a firm is the time series (arithmetic) mean of the firm s nonmissing monthly 
market values for the period from December 1925 to the beginning of me sample penod (see eq^uon 3.19 of this 
o p t i o n ) . Note thaTSie 25 crawl forward size portfoUos are formed by evenly dividing the NYSE stocks existing 
at the end of June of 1945 into 25 groups according to ranks of these individual ^M^™**'™™^™1 

these portfoUos are not adjusted during the sample period. The portfoUo average ^ from July 1945 to December 
1996 Tthe time series (arithmetic) average of monthly average size measures of the portfolio and the " ™ ^ 
average size measure of the portfoUo is obtained by averaging across the market values of the firms in that portfolio at 
the end of the month (see equation 4.1 of this dissertation). Note that size measures are in thousands. 
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Table 4.4 
Summary Statistics for the 25 June-1955 Crawl Forward Size Portfolios 

of NYSE Stocks from July 1955 to December 1996 

Port. 

CC1 
CC2 
CC3 
CC4 
CC5 

CC6 
CC7 
CC8 
CC9 
CC10 

ecu 
CC12 
CC13 
CC14 
CC15 

CC16 
CC17 
CC18 
CC19 
CC20 

CC21 
CC22 
CC23 
CC24 
CC25 
MCC 

PortfoUo 
excess returns 

Mean 

0.0078 
0.0053 
0.0072 
0.0075 
0.0071 

0.0065 
0.0057 
0.0056 
0.0049 
0.0061 

0.0050 
0.0059 
0.0057 
0.0050 
0.0066 

0.0050 
0.0061 
0.0065 
0.0067 
0.0054 

0.0056 
0.0055 
0.0053 
0.0043 
0.0053 
0.0052 

Std. 

0.0841 
0.0632 
0.0822 
0.0645 
0.0774 

0.0560 
0.0623 
0.0655 
0.0548 
0.0557 

0.0497 
0.0502 
0.0523 
0.0498 
0.0495 

0.0511 
0.0496 
0.0461 
0.0463 
0.0428 

0.0423 
0.0429 
0.0416 
0.0421 
0.0386 
0.0393 

Number of securities 
in a portfolio 

Mean 

12.3 
17.7 
16.5 
18.6 
16.5 

20.4 
23.3 
18.6 
23.0 
23.7 

22.2 
21.6 
19.8 
24.9 
23.1 

23.1 
25.4 
27.0 
27.1 
32.6 

31.3 
33.6 
35.0 
33.1 
37.5 

608.1 

End Beg. 

4 42 
4 42 
4 42 
3 42 
4 43 

5 42 
7 42 
4 42 
9 43 

13 42 

9 42 
9 42 
5 43 

10 41 
8 42 

9 42 
11 42 
15 42 
11 42 
21 41 

18 43 
23 42 
23 42 
22 42 
30 43 

281 1053 

PortfoUo size at 
the end of 

June of 1955 

2008.44 
3659.55 
4723.89 
6035.36 
7274.79 

8383.70 
9659.17 

11151.26 
13147.72 
14906.57 

16865.62 
18906.64 
21112.80 
24167.52 
27271.64 

31755.50 
37061.36 
45114.51 
54969.99 
67721.03 

82797.43 
108359.99 
145806.57 
224698.33 
704831.81 

Average port size 
from July 1955 
toDec.996 

354295.24 
159552.47 
378849.84 

1277680.59 
127818.59 

970499.88 
207332.80 
306236.14 
338377.43 
754029.18 

446012.39 
342918.77 
471445.19 
523116.57 

1136548.08 

920526.08 
2009715.73 
1552436.65 
1921454.93 
1295728.14 

1669344.69 
2148799.00 
2092317.67 
3381962.27 
8808496.08 

AU the return measures are value-weighted. PortfoUo monthly excess return is the difference between portfolio 
monthly nominal return and t-bill rate for the month. Means of a portfoUo's excess returns and of the numbers of 
securities in the portfoUo are the time series (arithmetic) average of 498 monthly observations for the period from 
July 1955 to December 1996. The information about the numbers of securities in each portfoUo at the beginning and 
the end of the sample period is also given. The size of a portfolio at the beginning of the sample period is the cross 
sectional (arithmetic) average of historical average size measures of all the firms in the portfolio at that time and the 
historical average size measure of a firm is the time series (arithmetic) mean of the firm's nonmissing monthly 
market values for the period from December 1925 to the beginning of the sample period (see equation 3.19 of this 
dissertation) Note that the 25 crawl forward size portfoUos are formed by evenly dividing the NYSE stocks existing 
at the end of June of 1955 into 25 groups according to ranks of these individual historical average size measures and 
these portfoUos are not adjusted during the sample period. The portfoUo average size from July 1955 to December 
1996 is the time series (arithmetic) average of monthly average size measures of the portfolio and the monthly 
average size measure of the portfolio is obtained by averaging across the market values of the firms in that portfolio at 
the end of the month (see equation 4.1 of this dissertation). Note that size measures are m thousands. 
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1996. Therefore, NYSE stocks are more likely to survive than AMEX stocks during the 

period from July 1965 to December 1996. In particular, 64 percent of the NYSE 

securities existing at the end of June of 1965 are no longer listed on the exchange at the 

end of December of 1996, whereas 93 percent of the AMEX securities existing at the end 

of June of 1965 are no longer listed on the exchange at the end of December of 1996. 

Delisting, merger, acquisition, or exchange switch, which leads to the change of cusip 

number, could be among of the possible reasons for the above observation. Although the 

size ranks of the CD portfolios at the beginning of the sample period are not the same as 

those at the end of the sample period, the CD portfolios experience a smaller change in 

relative size than the CA, CB, and CC portfolios. This might be because the sample 

period for the CD portfolios is the shortest one. Table 4.5 also shows that during the 

sample period, NYSE and AMEX stocks which are small at the beginning of the sample 

period experience higher growth than those which are large at the beginning of the period 

Furthermore, in general, NYSE stocks experience an overwhelmingly higher growth than 

AMEX stocks during the sample period. 

There is another observation deserving further attention. Compared with the 

average portfolio excess returns in Table 4.1, the average portfolio excess returns in 

Tables 4.2-4.5 have a smaller range. Average monthly excess returns of CA, CB, CC, 

and CD portfolios range, respectively, from 0.0063 to 0.0122, from 0.0056 to 0.0086, 

from 0.0043 to 0.0078, and from 0.0035 to 0.0082, whereas, as shown in Table 4.1, 

average monthly excess returns of annually adjusted size portfolios have a wide spread 

ranging from 0.0059 to 0.0167. This might be due primarily to the fact that the crawl 

forward size portfolio formation approach eliminates the size effect on portfolio returns. 

As will be seen later, the difference in average excess return spread between annually 

adjusted size portfolios and crawl forward size portfolios has a big impact on the 

predictive power of betas on portfolio returns. 

Table 4.6 reports some important summary statistics for the 25 annually adjusted 

book-to-market/size portfolios of all the NYSE/AMEX/NASDAQ stocks, formed at the 

end of June of each year and denoted by BiSj, /, j = 1,..., 5, for the period from July 
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1963 to December 1996. As shown in Panel I of Table 4.6, just as with average monthly 

excess returns of annually adjusted size portfolios in Table 4.1, average monthly excess 

returns of the 25 annually adjusted book-to-market/size portfolios of all the 

NYSE/AMEX/NASDAQ stocks decrease approximately monotonically with the size 

ranks of the portfolios. In particular, except for the lowest book-to-market ratio rank, 

within each book-to-market ratio rank, there is an approximately monotonically inverse 

relationship between the rank of a portfolio's average monthly excess return and the 

portfolio's size rank. On the other hand, except for the highest size rank, within each size 

rank, average excess returns of annually adjusted book-to-market/size portfolios appear to 

increase with their book-to-market ratio ranks. This appears to imply that in terms of the 

ability to move stock returns, the size factor is similar to the boo&to-market factor. With 

regard to the standard deviation of excess returns of the 25 annually adjusted book-to-

market/size portfolios, within each book-to-market ratio rank, there is a monotonically 

inverse relationship between the standard deviation of a portfolio's excess returns and the 

portfolio's size rank. However, within each size rank, there is no obvious relationship 

between the standard deviation of a portfolio's excess returns and the portfolio's book-to-

market ratio rank. Panel I of Table 4.6 also reports the mean and standard deviation of 

excess returns of the annually adjusted book-to-market/size portfolios by exchange. 

Portfolio excess returns by exchange are obtained through the following procedure: 

Within each of the 25 annually adjusted book-to-market/size portfolios, stocks are divided 

into three groups in such a way that one group is for only NYSE stocks, another one is for 

only AMEX stocks, and the other one is for only NASDAQ stocks. Monthly (value-

weighted) excess returns for the stocks in each of the three groups are calculated There 

is no clear relationship between average portfolio excess returns by exchange and the 

book-to-market ratio ranks, and between average portfolio excess returns by exchange 

and the size ranks. A similar argument can be applied to the standard deviation of excess 

returns of these portfolios. These results, along with the previous results in Table 4.1 

regarding the monotonic relationship between average portfolio excess returns and the 

size ranks, indicate that the monotonic relationship appears to be sensitive to how the 
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portfolios are formed. Moreover, NASDAQ stocks appear to have the highest average 

value-weighted returns by exchange among the three exchanges, whereas AMEX stocks 

seem to have the greatest standard deviation of portfoUo excess returns by exchange. 

Panel II of Table 4.6 reports book-to-market ratio averages and size (market 

equity) averages for the 25 annually adjusted book-to-market/size portfolios. The book-

to-market ratio average for a portfolio is the time series (arithmetic) mean of the end-of-

year book-to-market ratio averages and the end-of-year book-to-market ratio average is 

the cross sectional (arithmetic) average of end-of-year book-to-market ratios of all the 

individual firms in the portfolio at the end of June of the next year, on the other hand, the 

size average of a portfolio is the time series (arithmetic) mean of the end-of-June market 

equity averages and the end-of-June market equity average is the cross sectional 

(arithmetic) average of market equity measures of all the individual firms in the portfolio 

at that time. Except for the portfolios with the highest book-to-market ratio rank, book-

to-market ratio averages are quite similar across the portfolios within each book-to-

market ratio rank. The bizarre behavior for the portfolios with the highest book-to-market 

ratio rank may be because stocks with extremely high book-to-market ratios are assigned 

to these portfolios.107 On the other hand, within each size rank, there seems to be no 

obvious relationship between the average size of a portfolio and its book-to-market ratio 

rank. Just as with previous results, portfolios with the highest size rank have size averages 

that are tremendously disproportionally larger than those of other portfolios. 

Panel HI of Table 4.6 reports the information about number of securities in an 

annually adjusted book-to-market/size portfolio. These 25 portfolios do not have the 

same number of securities. This is because as discussed in section 3.3 of this dissertation, 

the 25 annually adjusted book-to-market/size portfolios are based on the size and book-to-

market ratio break points of NYSE stocks, and because AMEX and NASDAQ stocks 

tend to be small relative to NYSE stocks. About 82 percent (i.e., 527.7/646.1) of AMEX 

107 Since the stocks with negative book-to-market ratios are excluded from the 
sample, average book-to-market ratios of the portfolios with the lowest book-to-market 
ratio rank are not much affected 

146 



stocks and 77 percent (i.e., 1675/2171.9) of NASDAQ stocks are in the 5 portfolios with 

the lowest size rank. As shown in Panel HI of Table 4.6, during the period from July 1973 

to December 1996, the lowest size-rank portfolios account for 57 percent (i.e., 

1877.8/3272.5) of all the NYSE/AMES/NASDAQ stocks. In particular, NASDAQ 

stocks account for about 68 percent (i.e., 1675/(273.8+527.7+1675)) of all the stocks in 

the 5 portfolios with the lowest size rank during the period from July 1973 to December 

1996. In addition, the number of securities in the 5 portfolios with the same book-to-

market ratio rank decreases with the size rank. Specifically, within each book-to-market 

rank, the number of securities in an annually adjusted book-to-market/size portfolio 

declines with the portfolio's size rank. This shows that the numbers of 

NYSE/AMEX/NASDAQ securities in the lower (higher) size-rank portfolios are greater 

(less) than what they should have been if the 25 annually adjusted book-to-market/size 

portfolios had been formed by evenly dividing all the stocks into 25 groups. On the other 

hand, for the period from July 1973 to December 1996, about 34 percent (i.e., 

746.2/2171.9) of the NASDAQ stocks are in the lowest book-to-market-rank portfolios 

and 35 percent (i.e., 202.1/646.1) of the AMEX stocks are in the highest book-to-market-

rank portfolios. This explains why the lowest and the highest book-to-market-rank 

portfolios appear to have more securities than other portfolios. Furthermore, with the 

exception of the lowest size-rank portfolios, within each size rank, the number of 

securities in a portfolio appears to decrease with the portfolio's book-to-market rank. 

Panel IV of Table 4.6 presents the information about number of securities in the 

six book-to-market/size portfolios which produce market risk premium, size risk premium, 

and book-to-market risk premium. The distribution of securities in the six risk premium 

portfolios is quite similar to that of the securities in the 25 annually adjusted book-to-

market/size portfolios. Panel V of Table 4.6 reports that the time series (arithmetic) 

means of the monthly market risk premia, the monthly size risk premia, and the monthly 

book-to-market risk premia are, respectively, 0.0049,0.0021, and 0.0037 during the 
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period from July 1963 to December 1996.108 Section 3.3.3 of this dissertation has a 

detailed description of how these risk premia are obtained. 

In summary, annually adjusted size portfolios and annually adjusted book-to-

market/size portfolios exhibit size effects in the sense that portfolios with low size ranks 

tend to have greater average returns than portfolios with high size ranks, whereas there is 

no such size effects for the crawl forward size portfolios. In particular, the results for 

crawl forward size portfolios indicate that portfolios' average excess returns tend to 

crowd together. This, coupled with the result in Tables 4.1 and 4.6 that there is a weaker 

monotonic relationship between the size ranks and average portfoUo returns by exchange, 

implies that the size effect is sensitive to the way in which portfoUos are formed 

Furthermore, annually adjusted book-to-market/size portfoUos show book-to-market 

effect in such a way that portfoUos with high book-to-market ratio ranks tend to have 

greater returns than portfoUos with low book-to-market ratio ranks. In general, AMEX 

and NASDAQ stocks are smaller than NYSE stocks. Consequently, portfoUos with low 

size ranks are primarily dominated by AMEX and NASDAQ stocks. In addition, the 

average market equity of a portfoUo is quite disproportional to the size rank of the 

portfoUo; in particular, the average market equity of the portfoUo with the highest size 

rank is overwhelmingly larger than that of other portfoUos. However, for the 25 annually 

adjusted book-to-market/size portfoUos, within each size rank, the average size (market 

equity) of a portfoUo is quite similar across the 5 book-to-market ratio ranks; on the other 

hand, with the exception of the highest book-to-market ratio rank, within each book-to-

market ratio rank, the average book-to-market ratio of a portfoUo is also quite similar 

across the 5 size ranks. Furthermore, for the 25 annuaUy adjusted book-to-market/size 

portfoUos, although about 54 percent of NASDAQ stocks faU into portfolios of the two 

extreme (the lowest and the highest) book-to-market ratio ranks, in terms of number of 

108 The results in Table 4.6 are very similar to those in Fama and French (1993, 
Tables 1 & 2, pp. 11 & 14), despite the fact that Fama and French (1993) use only 
NYSE/AMEX/NASDAQ common shares from 1963 to 1991, while this dissertation uses 
aU the NYSE/AMEX/NASDAQ stocks from 1963 to 1996 but excludes COMPUSTAT 
research file prior to 1977. 
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securities in a portfoUo, NYSE/AMEX/NASDAQ stocks as a whole distribute quite 

evenly across the five book-to-market ratio ranks. For the crawl forward size portfolios, 

only 20-27 percent of the stocks existing at the beginning of the sample periods survive 

the whole sample periods. In particular, stocks which are historically smaU at the 

beginning of the sample periods are more likely to disappear than those which are 

historically large at the beginning of the sample periods. Furthermore, for the crawl 

forward size portfolios, individual stocks experience different growth opportunities during 

the sample periods so that portfolios starting with a smaU size measure (market equity) at 

the beginning of the sample period do not necessarily have smaUer market equity at the 

end of the sample period; in particular, compared with AMEX stocks, NYSE stocks 

experience a much greater growth rate during the sample periods. 

4.2 Empirical Results for Autocorrelation in Excess Returns, 
in Expected Excess Returns, and in Residual Returns 

This section presents the empirical results regarding whether there is mean 

reversion in excess stock returns, in expected excess stock returns, and/or in residual stock 

returns. The empirical tests are implemented by using a variance ratio test In this 

dissertation, all the variance ratios are calculated as follows: 

rilQ 
Variance ratio for Q - month horizon =V(Q) = — — (4-2) 

where <JQ is an unbiased estimate for the variance of Q-month observations, o2
M is an 

unbiased estimate for the variance of one-month observations, and Q ranges from 2 

months to 120 months with monthly increments. Equations (B.16) and (B.17) in 

Appendix B of this dissertation describe respectively how G2
M and OQ are obtained As 

mentioned in Appendix B of this dissertation, variance ratios are greater than one when 

the random variables of interest are positively autocorrelated, are equal to one when the 

random variables are seriaUy uncorrelated, and are smaUer than one when the random 
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variables are negatively autocorrelated. It is conceivable that the above definition of a 

variance ratio implies that there is serial dependence (particularly, serial correlation) 

between variance ratios at different Qs, particularly for the adjacent ones. As will be seen 

later, due to the serial dependence, variance ratios will stay greater (smaller) than one for a 

while when they become greater (smaller) than one. Therefore, variance ratios tend to 

exhibit a smooth behavior. The choice of a 10-year horizon with monthly increments is an 

empirical issue. The reasons for this choice are threefold First, the choice follows from 

Fama and French (1988), and Poterba and Summers (1988) that, respectively, use a 10-

year and an 8-year horizons. The second reason is that according to Lo and MacKinlay 

(1989), when Q/T is large (where T is the sample size), the large sample theory of the 

variance ratio test becomes unreliable. They suggest that Q should be smaller than one 

half of the sample size. In this dissertation, the shortest sample period for a variance ratio 

test is 25.5 years. The third reason is that since, as will be seen later, the standard 

deviation of a variance ratio increases with its return horizon, it is not often to have 

significant variance ratios at horizons toward the end of a 10-year horizon. Given these 

considerations, the 10-year horizon is empiricaUy justifiable, even though it seems a bit 

arbitrary. 

As previously mentioned, the most important statistical implication of a stationary 

component in stock prices for stock returns is that stock returns are negatively 

autocorrelated at long horizons. In some cases, the autocorrelation (i.e., variance ratios) 

in stock returns may exhibit a U-shaped curve as the return horizon lengthens. However, 

U-shaped autocorrelation in stock returns is not a necessary condition for mean reverting 

stock returns. In the usual sense, the term "long horizons" does not have a clear meaning 

about the length of time. In this dissertation, "long horizons" refers specifically to periods 

ranging from 25 months to 96 months. The reasons for referring to "long horizons" for 

the periods between 25 months and 96 months are twofold. First, as reviewed in section 

2.4.2.2 of this dissertation, Fama and French (1988) find that the autocorrelations of 3-5-

year stock returns are significantly negative and reach their minima. Moreover, Poterba 

and Summers (1988) find that stock returns have strong negative autocorrelation up to an 
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8-year horizon. The second reason is that, as wiU be seen later, minimum variance ratios 

and/or their t values rarely occur outside this range within the 10-year horizon. 

The t values of variance ratios are obtained as follows:109 

t_V(Q)-\ 

Note that ov(j2) is the standard deviation of variance ratio V(Q). Variance ratio t 

statistics presented in this dissertation are based on equation (B.19) of this dissertation, 

which is derived by Lo and MacKinlay (1988) under the assumption that the random 

variables of interest are serially uncorrelated and are heteroscedasticaUy distributed 

(heteroscedasticity-consistent t statistics). I also calculate variance ratio t statistics 

based on equation (B.l 1) of this dissertation, which is also advanced by Lo and 

MacKinlay (1988) under the assumption that the random variables of interest are 

independently and identicaUy normaUy distributed (i.i.n. d. t statistics).110 The results 

show that the i.i.n.d. t statistics generate more powerful results in the sense that they 

reject the random walk nuU hypothesis more frequently than the heteroscedasticity-

consistent t statistics. In fact, this is what should be expected, since it has been long 

documented that the variance of stock returns varies over time.111 Therefore, the 

powerful test of the i.i.n.d. t statistics might be primarily due to heteroscedasticaUy 

109 As can be seen from equation (B.19) in Appendix B of this dissertation, the 
standard deviation of a variance ratio increases with the horizon of a variance ratio. 
Therefore, depending on the relative movements of variance ratios and their standard 
deviation, rriinimum variance ratios can happen at horizons shorter than, longer than, or 
equal to the horizons at which minimum variance ratio t values occur. 

110 To be more specific, the difference between heteroscedasticity-consistent t 
statistics and i.i.n.d. t statistics results from the difference in standard deviation of V(Q) 
between these two different assumptions. 

i n See, for example, Officer (1973) ,and French, Schwert, and Stambaugh (1987). 
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distributed stock returns. Consequently, I choose to report only the heteroscedasticity-

robust t statistics throughout this dissertation. However, for possible future references, 

Tables C.l in Appendix C of this dissertation reports the i.i.n.d. t statistics for excess 

returns of the 25 annuaUy adjusted size portfolios of NYSE/AMEX stocks for the period 

from June 1932 to December 1996. Furthermore, due to space Umitation, I report 

variance ratio test results (variance ratios and their t values) only for horizons from 2 

months to 12 months and horizons with quarterly increments from 12 months to 120 

months. 

4.2.1 Empirical Results for the Capital 
Asset Pricing Model Approach 

This subsection reports variance ratio test results for excess returns, expected 

excess returns, and residual returns of annually adjusted size portfolios and of crawl 

forward size portfoUos. In particular, expected excess returns and residual returns are 

generated by the Capital Asset Pricing Model. Section 4.2.1.1 examines the variance ratio 

test results for the 25 NYSE/AMEX annuaUy adjusted size portfoUos, formed at the end 

of June of each year, whereas section 4.2.1.2 looks at the variance ratio test results for the 

four sets of the 25 NYSE/AMEX crawl forward size portfoUos that are formed, 

respectively, at the end of June of 1935,1945,1955, and 1965, and survive the sample 

periods through December 1996. Section 4.2.1.3 compares the variance ratio test results 

for annuaUy adjusted size portfoUos with those for crawl forward size portfolios. 

4.2.1.1 Variance Ratio Test Results for the 
Annually Adjusted Size PortfoUos 

Table 4.7 reports the variance ratio test results for value-weighted monthly excess 

returns of the 25 annuaUy adjusted size portfolios of aU the NYSE/AMEX stocks, formed 

by evenly dividing NYSE and AMEX stocks into 25 groups according to the size (market 

equity) ranks of individual stocks at the end of June of each year and denoted by 

AS 1 - AS 25, and for value-weighted monthly excess returns of the market portfolio, 

denoted by MAS, which consists of all the stocks in the 25 annuaUy adjusted size 
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portfolios, for the period from June 1932 to December 1996. Note that the original 

sample period for these 25 annually adjusted size portfolios occupies the period from July 

1926 to December 1996. However, annuaUzing monthly returns and using a 5-year 

moving window for estimating portfolio betas consumes 71 monthly observations. This 

causes the sample period for expected excess returns and residual returns to start from 

June 1932. In order to make variance ratio test results for excess returns comparable to 

those for expected excess returns and residual returns, variance ratio test results for excess 

returns in Table 4.7 also start from June 1932. Due to this reason, in this dissertation, 

variance ratio test results for almost all the portfolios always lag 71 months behind the 

beginnning of the sample period during which the portfoUos are originaUy formed.112 

As shown in Table 4.7, variance ratios for excess returns of a given portfolio go 

smoothly upward and/or downward, which indicates that there is much serial dependence 

in variance ratios for an excess return series. In general, across the 25 annuaUy adjusted 

size portfoUos, about one third of them (9 out of the 25) have some significantly 

autocorrelated excess returns at the 5 percent significance level. These significant 

variance ratios are aU greater than one. AU the significant variance ratios occur at short 

horizons (within 3 months). Furthermore, these significant variance ratios are more likely 

to show up in small annuaUy adjusted size portfoUos. In particular, with the exception of 

portfolio AS 4, the first eight of the 25 annually adjusted size portfolios aU have some 

significantly positive autocorrelation in their excess returns. 

Table 4.7 also indicates that aU the portfoUos have smaUer-than-one variance ratios 

for their excess returns at long horizons, particularly between 25 months and 96 months. 

However, there is no variance ratio which is significantly smaUer than one at the 5 percent 

significance level (in terms of its t value). Although the minimum variance ratios for 

112 This 71-month lag adjustment wiU shorten the sample period for a variance 
ratio test Since the 71-month period accounts for only 9-20 percent of the length of the 
sample periods in this dissertation, it is difficult to conclude its exact impact on the 
statistical results of this dissertation. However, depending on the random nature of the 
data, the lag adjustment could either weaken or enhance the statistical results presented in 
this dissertation. 
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some portfolios with smaUer-than-one variance ratios occur toward the end of the 10-year 

horizon, variance ratios for most of the portfolios with smaUer-than-one variance ratios 

seem to exhibit a U-shaped curve with the minimum values ranging from 0.50 to 0.79 and 

occurring at long horizons within the 10-year horizon. Although minimum variance ratio 

t values for portfoUos with smaUer-than-one variance ratios tend to happen at shorter 

horizons than the minimum variance ratios for these portfolios, variance ratio t values for 

these portfoUos behave in approximately the same manner as their variance ratios. As to 

excess returns of the MAS portfolio consisting of all the NYSE/AMEX stocks in the 25 

annually adjusted size portfolios, the hypothesis that they are seriaUy uncorrelated cannot 

be rejected at the 5 percent significance level. This finding is consistent with the result 

documented by Lo and MacKinlay (1988, Table lb, p. 53). It can be seen that the 

behavior of variance ratios and their t statistics for the MAS portfolio is more similar to 

that of variance ratios and their t statistics for annuaUy adjusted portfoUos with high size 

ranks. This is in fact expected, since, as shown in Table 4.1, the size of big firms is 

disproportionaUy greater than the size of smaU firms across the 25 annually adjusted size 

portfolios. This makes the excess returns of big firms the dominant component of the 

value-weighted excess returns of the MAS portfoUo. Variance ratios of the MAS 

portfoUo turn smaller than one at the horizon of 15 months and stay smaller than one for 

aU the longer horizons within the 10-year horizon. These variance ratios also exhibit a U-

shaped pattern with the minimum occurring at the horizon of 51 months. The results here 

are consistent with Fama and French's (1988) finding that stock returns have the strongest 

negative autocorrelation at 3-5-year return horizons (see, for example, Table 2.9 of this 

dissertation).113 

113 The variance ratios (particularly, for the market, MAS , portfoUo) in Table 4.7 
are a bit higher than those in Poterba and Summers (1988, summarized in Table 2.10 of 
this dissertation) and variance ratio t values are a bit lower (in absolute values) than those 
in Poterba and Summers (1988). This might be primarily caused by the difference in how 
a variance ratio test is implemented. In particular, Poterba and Summers (1988) divide the 
variance of annual excess returns by twelve and use the resulting number in the 
denominator of the variance ratio, while this dissertation uses the variance of monthly 
excess returns as the base for comparison. In addition, the standard deviation of a 
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Another observation from Table 4.7 is that variance ratios and their t values 

behave quite differently across the 25 excess return series. In particular, positive 

autocorrelation in excess returns seems to become less significant (in terms of the 

magnitude of variance ratios and their t values) as the rank of an annually adjusted size 

portfolio increases; however, the negative autocorrelation at long horizons, particularly 

between 25 months and 96 months appears to become more dominant (in terms of 

variance ratios and their t values) for big annuaUy adjusted size portfolios. Therefore, the 

results in Table 4.7 indicate that the importance of the stationary component in stock 

prices of an annuaUy adjusted size portfolio is likely to increase with the size rank of the 

portfoUo. 

A rank correlation test is used to test for this observation. Since the most 

important statistical impUcation of stationary price components is negatively 

autocorrelated stock returns at long horizons and since t values are usuaUy taken as an 

indication of the significance of the statistical impUcation, for the 25 annuaUy adjusted size 

portfoUos, the Spearman rank correlation coefficient114 of 0.77 between the rank of the 

minimum variance ratio t value of an excess return series for the horizons between 25 

months and 96 months (denoted by MNM in Table 4.7 of this dissertation), and the size 

rank of the excess return series is first calculated. Since the one percent (two-tailed) 

quantile with a sample size of 25 is 0.51, there is indeed a strong correlation between the 

importance of stationary price components and the size rank of an annually adjusted size 

portfoUo. I also calculate the Spearman rank correlation coefficients between the size 

rank of a portfolio and 11 other measures of importance of stationary price components. 

They are the minimum variance ratio t value for the horizons between 25 months and 72 

months (denoted by MNS in Table 4.7), the minimum variance ratio t value for the 

horizons between 25 months and 120 months (denoted by MNL), the minimum variance 

ratio for the horizons between 25 months and 72 months (denoted by MNS), the minimum 

variance ratio in Poterba and Summers (1988) is obtained by a simulation approach which 
is different from the approach used in this dissertation. 

114 For a detailed description of this statistic, see Conover (1980, p. 252). 
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variance ratio for the horizons between 25 months and 96 months (denoted by MNM), the 

minimum variance ratio for the horizons between 25 months and 120 months (denoted by 

MNL), the (arithmetic) mean of variance ratio t values for the horizons between 25 

months and 72 months (denoted by AVS), the mean of variance ratio t values for the 

horizons between 25 months and 96 months (denoted by AVM), the mean of variance 

ratio t values for the horizons between 25 months and 120 months (denoted by AVL), 

the mean of variance ratios for the horizons between 25 months and 72 months (denoted 

by AVS), the mean of variance ratios for the horizons between 25 months and 96 months 

(denoted by AVM), and the mean of variance ratios for the horizons between 25 months 

and 120 months (denoted by AVL). Since there is much serial dependence in the variance 

ratios (and t values) for a return series, these measures should not generate dramatically 

different results when there is really a linear association between the size rank and the 

importance of stationary price components. These 11 additional Spearman rank 

correlation coefficients (in that order) are 0.80,0.77,0.72,0.47,0.28,0.79, 0.71,0.56, 

0.73,0.61, and 0.46. Therefore, the Spearman rank correlation test concludes that there 

is significant correlation between the size rank of a portfoUo and the statistical implication 

of the portfolio's stationary price components. 

The variance ratio test results in Table 4.7 also reveal that the MAS portfoUo 

does not have the most significant statistical impUcation of stationary price components (in 

terms of variance ratios and their t values) among the 26 excess return series in the table. 

This finding, coupled with the previous observation that autocorrelation in stock returns 

differs across the 25 annually adjusted size portfolios, may indicate that the importance of 

the stationary component in stock prices across securities might be different. This could 

cause market portfolio returns to disguise the stationary component in individual security 

prices. In particular, when all the stocks are mingled into the market portfolio, the 

statistical implication of the stock price series with stationary components may be smeared 

by the stock price series without stationary components. This impties that previous 

research on mean reverting stock returns might not be implemented in an efficient manner, 

since most of the research focuses only on market portfolio returns. Therefore, the 
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hypothesis that there is a stationary component in stock prices should not be examined by 

only looking at autocorrelation in returns of the market portfolio. In fact, similar 

arguments can be applied to portfolios formed according to some measures, when these 

measures are not what cause the stationary component in stock prices. 

Under the standard statistical test procedure, the results in Table 4.7 indicate that 

there is no evidence of the existence of a stationary component in stock prices, since all 

the smaUer-than-one variance ratios are not significant at the 5 percent level.115 However, 

as pointed out by Summers (1986), and Poterba and Summers (1988), it is very difficult to 

detect statisticaUy stationary components in stock prices, if any exist. This makes it even 

more difficult to cut off the linkage between the observation of negative autocorrelation in 

long-horizon returns and the existence of a stationary component in stock prices. 

Consequently, Poterba and Summers (1988, p. 28) suggest that "a sensible balancing of 

Type I and Type II errors suggests using critical values above the conventional 0.05 

level." Furthermore, as wiU be demonstrated and clarified later, the annual adjustment 

portfolio formation process tends to mitigate the statistical impUcation of the stationary 

component in stock prices.116 Therefore, the significance of the smaUer-than-one variance 

ratios in Table 4.7 might be underestimated Given these considerations, the results in 

Table 4.7 are in fact not as bad as they first appear to be. Although they do not offer 

direct and significant evidence of the existence of a stationary component in stock prices, 

they indeed shed some light on this matter. 

Table 4.8 presents the results for the test regarding whether there is a predictive 

power of the current betas on the next period stock returns using a cross sectional 

regression approach. Betas are estimated by regressing annual nominal returns of a 

portfoUo on annual nominal returns of the market portfoUo (here, it is the MAS portfolio) 

113 To be more specific, the minimum variance t value for the 25 portfoUos in 
Table 4.7 is only -1.049, which is significant only within 30 percent level. 

116 Fama and French (1988, p. 252) indicate that "the test [using annuaUy adjusted 
size decile portfoUos] may understate importance of stationary price components." 
However, they do not offer any empirical justification for the statement. 
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consisting of all the NYSE/AMEX stocks in the 25 annually adjusted size portfolios.117 

The annual nominal return measured at the end of month j is obtained by compounding 

the 12 monthly nominal returns preceding the beginning of month ; +1. As shown in 

Table 4.8, the intercept term, y0, is not significantly different from zero, whereas the 

coefficient of beta, y,, shows up significantly different from zero. These results can be 

taken as evidence of a predictive power of the current beta on the next period expected 

return. Therefore, the predicted value from the cross sectional regression, 

(7o,t + 7i,A,t)»is token as portfolio i' s expected excess return for month / +1 and the 

residual term from the cross sectional regression, eil+x, is portfolio i's residual return for 

month t +1. Furthermore, the results in Table 4.8 are consistent with the finding in 

Handa, Kothari, and Wasely (1989) that the coefficient of beta is significantly different 

from zero in the cross sectional regression of portfoUo returns on betas. 

Table 4.9 presents variance ratio test results for expected excess returns of the 25 

annuaUy adjusted size portfolios. Although all the significant variance ratios in expected 

117 The reason for this is that the original Sharpe-Lintner-Black CAPM 
recommends that beta be estimated by regressing subportfolio nominal returns on the 
market portfoUo nominal returns. For a detailed description of how betas are estimated, 
see section 3.3.4 of this dissertation. 

118 Note that as shown in Table 4.8, the time series mean of the coefficient on beta 
is 0.0074, whereas as shown in Table 4.1, the average excess return of the MAS portfolio 
is 0.0067. Although the average of the beta coefficients is greater than the average of the 
MAS's excess returns by 0.0007, a formal test is needed to determine whether the 

difference is significant. Since it is conceivable that the estimate of beta is quite sensitive 
to the way in which portfoUos are formed, the focus here is not to test whether CAPM is a 
correct pricing model, but rather whether betas have a predictive power on stock returns, 
particularly given the way in which the 25 annuaUy adjusted size portfolios are formed. 
Therefore, the results regarding the beta coefficient estimates in Table 4.8 are enough to 
conclude the test. On the other hand, since the beta coefficient is higher than what CAPM 
predicts, the expected excess returns might be a bit overstated. Furthermore, the results 
(not reported but avaUable on requests) also show that smaU annuaUy adjusted size 
portfolios have time series average residual returns greater than zero, wrtile large annually 
adjusted size portfolios have negative time series average residual return. In a strict sense, 
the expected excess return is in fact generated by beta rather than by CAPM. However, I 
wiU not distinguish between these points in this dissertation. 
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excess returns happen to the smaU annuaUy adjusted size portfolios (particularly, 8 out of 

the first 12), they do not match with the significant variance ratios in excess returns in the 

sense that when an excess return series is significantly (positively) autocorrelated (at the 5 

percent level), its corresponding expected excess return series is not necessarily 

significantly (positively) autocorrelated and vice versa.119 However, like variance ratios 

for excess returns, these significant variance ratios occur only at short horizons (within 4 

months). Moreover, just as with variance ratios for 25 excess return series, variance ratios 

for expected excess return series become smaller than one at long horizons and tend to 

exhibit a U-shaped curve. In general, smaUer-than-one variance ratios for expected excess 

returns in Table 4.9 and those for excess returns in Table 4.7 behave in a quite similar 

manner. In particular, these negative variance ratio t values for expected excess returns 

are quite comparable in magnitude to the negative variance ratio t values for their 

corresponding excess returns. A sign test is used to examine this assertion.120 A sign test 

statistic based on the comparison of the minimum variance ratio t value for the horizons 

from 25 months and 96 months between the 25 excess return series and their 

corresponding expected excess return series is 13, while the one (five) percent critical 

value with a sample size of 25 is 19 (18). Therefore, it fails to reject the nuU hypothesis. 

Sign test statistics based on the other 11 measures of importance of stationary price 

components range from 13 to 15. These additional 11 sign test statistics further support 

the assertion that excess returns and their corresponding expected excess returns have 

similar mean reverting structures. 

119 As mentioned in section 3.1.1 of this dissertation (particularly, equation 3.10), 
even when the market is efficient and when the pricing model is correct, the observation 
that excess returns are significantly autocorrelated does not necessarily imply that 
expected excess returns are significantly autocorrelated. Similar arguments can be applied 
to the case in which excess returns are not significantly autocorrelated. To be more 
precise, there is no one to one relationship between the autocorrelation structure in excess 
returns and that in expected excess returns, even when the market is efficient and the 
pricing model is correct. 

120 For a detailed description of the sign test, see Conover (1980, p. 122). 
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Table 4.10 reports variance ratio test results for residual returns, generated by the 

CAPM, of the 25 annuaUy adjusted size portfolios. Only one of the 25 annually adjusted 

size portfoUos has significant autocorrelation (at the 5 percent significance level) in 

residual returns. Unlike the significant variance ratios for excess returns and expected 

excess returns, the significant variance ratios for residual returns are smaUer than one. 

However, like the significant variance ratios for excess returns and expected excess 

returns, the significant variance ratios for residual returns occur only at short horizons 

(within 9 months). 

At this point, it seems appropriate to talk about the impUcation of the empirical 

results we have had so far for the joint hypothesis of CAPM and market efficiency. Based 

on the finding in Table 4.8 that the intercept term is not significantly differently from zero 

and the coefficient of beta is significantly different from zero, we may conclude that the 

results in Table 4.8 are consistent with the joint hypothesis of CAPM and market 

efficiency. In fact, this is what Handa, Kothari, and Wasely (1989) conclude based 

primarily on the observation that the coefficient of beta in the cross sectional refgression is 

significantly different from zero.121 There is nothing wrong with this conclusion, if no 

further test is investigated However, as mentioned in section 2.2 of this dissertation, in 

addition to the significance of the expected return model, market efficiency requires that 

the residual returns from the model be uncorrelated with all the currently available 

information and hence that the residual returns be seriaUy uncorrelated. Therefore, the 

result in Table 4.10 that the majority of the residual return series (24 out of 25) are serially 

uncorrelated lends further support to the hypothesis that CAPM is consistent with market 

efficiency. 

Since my main concern is to investigate whether there is an indication of mean 

reversion in residual returns, I wiU focus only on the behavior of smaUer-than-one variance 

ratios for residual returns. Twenty of the 25 residual return series have smaUer-than-one 

121 Although Handa, Kothari, and Wasely (1989) also run a cross sectional 
regression of portfolio returns on both beta and firm size, their conclusion of the 
consistency between CAPM and market efficiency is based primarily on the result that the 
coefficient of beta is significantly different from zero. 
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Table 4.7 
Variance Ratios and Their t Values for Value-weighted Excess Returns 

of Annually Adjusted Size Portfolios of NYSE and AMEX 
Stocks from June 1932 to December 1996 

Q 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

AS1 

v.r. t 
1.19 (227) 
1.26 (2.19) 
1.23 (1.57) 
1.18 (1.16) 
1.14 (0.84) 
1.11 (0.60) 
1.08 (0.44) 
1.07 (0.35) 
1.09 (0.43) 
1.12 (0.56) 
1.15 (0.64) 

1.12 (0.45) 
1.07 (0.25) 
1.05 (0.16) 
0.98 (-0.07) 
0.94 (-0.18) 
0.90 (-0.28) 
0.88 (-0.32) 
0.88 (-0.31) 
0.90 (-0.25) 
0.91 (-0.21) 
0.92 (-0.18) 
0.92 (-0.19) 

0.92 (-0.18) 
0.92 (-0.18) 
0.90 (-0.22) 
0.87 (-0.28) 
0.86 (-0.30) 
0.84 (-0.33) 
0.83 (-0.35) 
0.81 (-0.38) 
0.79 (-0.41) 
0.79 (-0.41) 
0.78 (-0.42) 
0.78 (-0.43) 

0.78 (-0.42) 
0.77 (-0.43) 
0.76 (-0.44) 
0.74 (-0.46) 
0.74 (-0.46) 
0.73 (-0.47) 
0.72 (-0.49) 
0.72 (-0.49) 
0.72 (-0.48) 
0.72 (-0.48) 
0.72 (-0.46) 
0.73 (-0.45) 

0.89 (-0.25) 
0.85 (-0.31) 
0.82 (-0.35) 
0.81 (-0.38) 
0.74 (-0.46) 
0.72 (-0.49) 

AS2 

v.r. t 
1.20 (2.02) 
1.25 (1.81) 
1.17 (1.05) 
1.11 (0.63) 
1.07 (0.37) 
1.02 (0.10) 
0.97 (-0.13) 
0.94 (-0.27) 
0.96 (-0.20) 
0.98 (-0.07) 
1.01 (0.04) 

0.96 (-0.12) 
0.92 (-0.27) 
0.90 (-0.31) 
0.84 (-0.46) 
0.79 (-0.55) 
0.76 (-0.61) 
0.74 (-0.64) 
0.75 (-0.60) 
0.77 (-0.54) 
0.78 (-0.49) 
0.79 (-0.46) 
0.78 (-0.46) 

0.79 (-0.44) 
0.79 (-0.43) 
0.78 (-0.45) 
0.76 (-0.48) 
0.75 (-0.49) 
0.74 (-0.50) 
0.73 (-0.51) 
0.72 (-0 52) 
0.71 (-0.53) 
0.71 (-0.53) 
0.71 (-0.53) 
0.70 (-0.54) 

0.70 (-0.53) 
0.69 (-0.54) 
0.68 (-0.54) 
0.67 (-0.55) 
0.67 (-055) 
0.67 (-055) 
0.66 (-0.56) 
0.65 (-057) 
0.65 (-056) 
0.64 (-057) 
0.64 (-0.57) 
0.64 (-0.56) 

0.77 (-0.51) 
0.74 (-052) 
0.72 (-053) 
0.72 (-0.64) 
0.67 (-0.64) 
0.64 (-0.64) 

AS3 

v.r. t 
1.20 (2.06) 
1.28 (208) 
1.25 (1.58) 
1.20 (1.17) 
1.15 (0.82) 
1.11 (0.55) 
1.07 (0.34) 
1.05 (0.22) 
1.06 (0.28) 
1.09 (0.40) 
1.12 (0.49) 

1.09 (0.31) 
1.04 (0.13) 
1.03 (0.08) 
0.96 (-0.11) 
0.93 (-0.20) 
0.90 (-0.25) 
0.90 (-0.26) 
0.91 (-0.21) 
0.94 (-0.14) 
0.96 (-0.10) 
0.97 (-0.07) 
0.96 (-0.09) 

0.95 (-0.10) 
0.95 (-0.12) 
0.92 (-0.18) 
0.88 (-0.26) 
0.86 (-0.30) 
0.84 (-0.33) 
0.82 (-0.36) 
0.80 (-0.39) 
0.78 (-0.42) 
0.77 (-0.45) 
0.75 (-0.47) 
0.74 (-0.49) 

0.73 (-0.50) 
0.72 (-0.52) 
0.71 (-0.53) 
0.69 (-055) 
0.69 (-0.54) 
0.69 (-055) 
0.68 (-0.55) 
0.67 (-0.56) 
0.68 (-0.54) 
0.68 (-0.54) 
0.68 (-0.53) 
0.69 (-0.51) 

0.91 (-0.20) 
0.85 (-0.30) 
0.81 (-0.36) 
0.80 (-0.39) 
0.69 (-0.55) 
0.67 (-0.56) 

AS4 

v.r. t 
1.19 (1.82) 
1.25 (1.75) 
1.22 (1.29) 
1.18 (0.95) 
1.14 (0.73) 
1.11 (0.55) 
1.09 (0.40) 
1.07 (0.31) 
1.10 (0.42) 
1.14 (0.57) 
1.18 (0.67) 

1.13 (0.43) 
1.10 (0.29) 
1.08 (0.22) 
1.02 (0.04) 
0.98 (-0.06) 
0.96 (-0.09) 
0.95 (-0.11) 
0.97 (-0.08) 
0.99 (-0.02) 
1.01 (0.01) 
1.01 (0.01) 
0.99 (-0.01) 

0.99 (-0.02) 
0.98 (-0.03) 
0.% (-0.07) 
0.93 (-0.14) 
0.91 (-0.17) 
0.90 (-0.20) 
0.88 (-0.22) 
0.87 (-0.24) 
0.85 (-0.27) 
0.84 (-0.30) 
0.82 (-0.32) 
0.81 (-0.34) 

0.79 (-0.36) 
0.78 (-0.38) 
0.77 (-0.39) 
0.75 (-0.42) 
0.75 (-0.42) 
0.74 (-0.44) 
0.72 (-0.45) 
0.71 (-0.47) 
0.71 (-0.46) 
0.71 (-0.47) 
0.71 (-0.46) 
0.71 (-0.45) 

0.96 (-0.08) 
0.91 (-0.17) 
0.86 (-0.24) 
0.87 (-0.24) 
0.75 (-0.42) 
0.71 (-0.47) 

AS5 

v.r. t 
1.18 (2.16) 
1.26 (2.28) 
1.24 (1.77) 
1.20 (1.30) 
1.16 (0.97) 
1.11 (0.60) 
1.07 (0.38) 
1.05 (0.25) 
1.07 (0.32) 
1.10 (0.43) 
1.12 (0.50) 

1.08 (0.30) 
1.05 (0.18) 
1.05 (0.15) 
1.00 (0.00) 
0.97 (-0.09) 
0.95 (-0.14) 
0.94 (-0.16) 
0.95 (-0.13) 
0.97 (-0.07) 
0.98 (-0.05) 
0.97 (-0.06) 
0.96 (-0.10) 

0.95 (-0.11) 
0.94 (-0.13) 
0.91 (-0.18) 
0.88 (-0.24) 
0.87 (-0.27) 
0.86 (-0.29) 
0.85 (-0.30) 
0.83 (-0.32) 
0.82 (-0.35) 
0.80 (-0.38) 
0.78 (-0.40) 
0.77 (-0.42) 

0.76 (-0.44) 
0.74 (-0.47) 
0.72 (-0.49) 
0.71 (-0.51) 
0.70 (-0.51) 
0.70 (-0.52) 
0.69 (-0.53) 
0.68 (-0.54) 
0.68 (-0.54) 
0.67 (-0.54) 
0.67 (-0.54) 
0.67 (-0.53) 

0.93 (-0.16) 
0.87 (-0.25) 
0.83 (-0.32) 
0.83 (-0.32) 
0.71 (-0.51) 
0.67 (-0.54) 

AS6 

v.r. t 
1.24 (2.18) 
1.32 (207) 
1.26 (1.44) 
1.20 (1.03) 
1.16 (0.77) 
1.11 (0.51) 
1.06 (0.28) 
1.04 (0.17) 
1.06 (0.25) 
1.10 (0.39) 
1.13 (0.47) 

1.06 (0.21) 
0.99 (-0.03) 
0.96 (-0.12) 
0.89 (-0.28) 
0.86 (-0.35) 
0.85 (-0.37) 
0.84 (-0.37) 
0.86 (-0.33) 
0.88 (-0.27) 
0.89 (-0.23) 
0.91 (-0.20) 
0.90 (-0.22) 

0.90 (-0.21) 
0.90 (-0.21) 
0.88 (-0.24) 
0.86 (-0.27) 
0.86 (-0.28) 
0.85 (-0.28) 
0.86 (-0.27) 
0.85 (-0.28) 
0.84 (-0.29) 
0.84 (-0.30) 
0.83 (-0.31) 
0.82 (-0.31) 

0.81 (-0.33) 
0.80 (-0.35) 
0.80 (-0.35) 
0.79 (-0.37) 
0.78 (-0.37) 
0.78 (-0.37) 
0.77 (-0.38) 
0.76 (-0.39) 
0.76 (-0.39) 
0.75 (-0.40) 
0.75 (-0.41) 
0.75 (-0.40) 

0.87 (-0.27) 
0.85 (-0.29) 
0.83 (-0.31) 
0.84 (-0.38) 
0.79 (-0.38) 
0.75 (-0.41) 

AS7 

v.r. t 
1.20 (1.94) 
1.26 (1.90) 
1.22 (1.39) 
1.19 (1.07) 
1.16 (0.86) 
1.13 (0.64) 
1.09 (0.43) 
1.07 (0.33) 
1.10 (0.42) 
1.13 (0.53) 
1.15 (0.61) 

1.09 (0.32) 
1.04 (0.12) 
1.02 (0.05) 
0.95 (-0.15) 
0.90 (-0.26) 
0.89 (-0.29) 
0.88 (-0.30) 
0.89 (-0.26) 
0.91 (-0.20) 
0.92 (-0.18) 
0.91 (-0.20) 
0.89 (-0.25) 

0.88 (-0.27) 
0.87 (-0.29) 
0.84 (-0.32) 
0.82 (-0.37) 
0.81 (-0.38) 
0.81 (-0.39) 
0.80 (-0.38) 
0.80 (-0.39) 
0.79 (-0.41) 
0.77 (-0.43) 
0.76 (-0.45) 
0.75 (-0.47) 

0.73 (-0.48) 
0.72 (-0 51) 
0.71 (-0.52) 
0.70 (-0 53) 
0.69 (-0.53) 
0.68 (-0.55) 
0.67 (-0.56) 
0.66 (-0.58) 
0.65 (-0.58) 
0.65 (-0.59) 
0.64 (-0.59) 
0.64 (-0.58) 

0.87 (-0.29) 
0.83 (-0.35) 
0.79 (-0.40) 
0.80 (-0.39) 
0.70 (-0.53) 
0.64 (-0.59) 

AS8 

v.r. t 
1.21 (209) 
1.28 (201) 
1.23 (1.40) 
1.19 (1.07) 
1.18 (0.94) 
1.16 (0.78) 
1.14 (0.64) 
1.13 (0.57) 
1.16 (0.67) 
1.20 (0.80) 
1.22 (0.86) 

1.16 (0.56) 
1.11 (0.34) 
1.09 (0.25) 
1.01 (0.04) 
0.98 (-0.06) 
0.96 (-0.09) 
0.% (-0.10) 
0.98 (-0.05) 
1.00 (0.01) 
1.02 (0.04) 
1.02 (0.04) 
1.00 (0.00) 

0.98 (-0.04) 
0.97 (-0.07) 
0.94 (-0.13) 
0.91 (-0.19) 
0.89 (-0.21) 
0.88 (-0.23) 
0.88 (-0.24) 
0.87 (-0.25) 
0.86 (-0.27) 
0.84 (-0.29) 
0.83 (-0.32) 
0.82 (-0.33) 

0.81 (-0.35) 
0.79 (-0.37) 
0.79 (-0.38) 
0.77 (-0.39) 
0.78 (-0.39) 
0.77 (-0.40) 
0.76 (-0.40) 
0.75 (-0.41) 
0.76 (-0.40) 
0.76 (-0.40) 
0.76 (-0.39) 
0.77 (-0.37) 

0.95 (-0.09) 
0.91 (-0.17) 
0.87 (-0.23) 
0.87 (-0.25) 
0.77 (-0.39) 
0.75 (-0.41) 

AS9 

v.r. t 
1.19 (1.82) 
1.24 (1.69) 
1.18 (1.05) 
1.12 (0.64) 
1.08 (0.41) 
1.03 (0.12) 
0.98 (-0.09) 
0.97 (-0.15) 
1.00 (-0.02) 
1.03 (0.11) 
1.03 (0.13) 

0.96 (-0.12) 
0.91 (-0.27) 
0.89 (-0.30) 
0.84 (-0.43) 
0.80 (-0.50) 
0.79 (-0.53) 
0.78 (-0.53) 
0.79 (-0.49) 
0.80 (-0.44) 
0.81 (-0.41) 
0.82 (-0.39) 
0.81 (-0.40) 

0.81 (-0 39) 
0.81 (-0.39) 
0.80 (-0.41) 
0.77 (-0.45) 
0.76 (-0.47) 
0.75 (-0.48) 
0.75 (-0.49) 
0.74 (-0.50) 
0.73 (-0.51) 
0.72 (-0.53) 
0.71 (-0.54) 
0.70 (-0.54) 

0.69 (-0.55) 
0.68 (-0.57) 
0.67 (-0.58) 
0.66 (-0.60) 
0.65 (-0.60) 
0.64 (-0.61) 
0.63 (-0.62) 
0.62 (-0.63) 
0.62 (-0.63) 
0.61 (-0.64) 
0.61 (-0.64) 
0.60 (-0.64) 

0.79 (-0.45) 
0.76 (-0.49) 
0.73 (-0.52) 
0.74 (-0.53) 
0.66 (-0.60) 
0.60 (-0.65) 

Monthly excess return is the difference between monthly nominal return and t-bill rate for the month. ASi is the tth annually adjusted 
size ranked portfolio. The annually adjusted size portfolios are formed by evenly dividing the NYSE/AMEX ... (continued on next page) 
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Table 4.7 (continued) 

Q 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

AS10 

v.r. t 
1.17 (1.98) 
1.25 (207) 
1.23 (1.63) 
1.19 (1.25) 
1.17 (1.01) 
1.13 (0.74) 
1.10 (0.54) 
1.08 (0.41) 
1.09 (0.44) 
1.11 (0.51) 
1.13 (0.55) 

1.06 (0.23) 
1.00 (0.00) 
0.97 (-0.11) 
0.90 (-0.32) 
0.85 (-0.44) 
0.82 (-0.49) 
0.81 (-0.50) 
0.82 (-0.46) 
0.85 (-0.39) 
0.86 (-0.35) 
0.86 (-0.34) 
0.84 (-0.37) 

0.84 (-0.37) 
0.83 (-0.38) 
0.82 (-0.40) 
0.80 (-0.44) 
0.79 (-0.46) 
0.78 (-0.47) 
0.77 (-0.47) 
0.77 (-0.48) 
0.75 (-0.50) 
0.75 (-0.51) 
0.73 (-0.52) 
0.73 (-0.52) 

0.72 (-0.54) 
0.71 (-0.55) 
0.70 (-0.55) 
0.69 (-0.56) 
0.69 (-0.56) 
0.69 (-0.57) 
0.68 (-0.58) 
0.67 (-0.59) 
0.67 (-0.58) 
0.67 (-0.58) 
0.66 (-0.58) 
0.67 (-0.56) 

0.82 (-0.43) 
0.79 (-0.46) 
0.76 (-0.49) 
0.77 (-0.51) 
0.69 (-0.56) 
0.66 (-0.59) 

ASH 

v.r. t 
1.19 (1.80) 
1.25 (1.69) 
1.18 (1.06) 
1.13 (0.67) 
1.09 (0.47) 
1.05 (0.25) 
1.01 (0.07) 
0.99 (-0.04) 
1.01 (0.03) 
1.04 (0.15) 
1.05 (0.19) 

0.99 (-0.05) 
0.93 (-0.21) 
0.91 (-0.26) 
0.85 (-0.41) 
0.81 (-0.51) 
0.79 (-0.54) 
0.77 (-0.55) 
0.77 (-0.54) 
0.79 (-0.49) 
0.79 (-0.47) 
0.79 (-0.47) 
0.78 (-0.49) 

0.77 (-0.48) 
0.77 (-0.48) 
0.76 (-0.50) 
0.74 (-0.53) 
0.73 (-0.54) 
0.73 (-0.55) 
0.73 (-0.54) 
0.72 (-0.54) 
0.72 (-0.55) 
0.71 (-055) 
0.70 (-0.56) 
0.70 (-057) 

0.69 (-0.58) 
0.67 (-0.59) 
0.67 (-0.60) 
0.65 (-0.62) 
0.65 (-0.61) 
0.64 (-0.62) 
0.63 (-0.63) 
0.63 (-0.64) 
0.63 (-0.63) 
0.62 (-0.64) 
0.62 (-0.63) 
0.62 (-0.62) 

0.77 (-0.51) 
0.74 (-053) 
0.72 (-056) 
0.72 (-055) 
0.65 (-0.62) 
0.62 (-0.64) 

AS12 

v.r. t 
1.18 (1.67) 
1.24 (1.63) 
1.20 (1.11) 
1.16 (0.84) 
1.16 (0.75) 
1.13 (0.59) 
1.10 (0.43) 
1.09 (0.36) 
1.11 (0.44) 
1.15 (0.57) 
1.17 (0.61) 

1.10 (0.31) 
1.04 (0.11) 
1.00 (0.01) 
0.93 (-0.18) 
0.88 (-0.31) 
0.85 (-0.36) 
0.84 (-0.39) 
0.84 (-0.37) 
0.85 (-0.33) 
0.86 (-0.30) 
0.86 (-0.31) 
0.84 (-0.33) 

0.84 (-0.34) 
0.83 (-0.35) 
0.82 (-0.38) 
0.80 (-0.41) 
0.79 (-0.41) 
0.79 (-0.41) 
0.79 (-0.40) 
0.80 (-0.39) 
0.79 (-0.40) 
0.79 (-0.40) 
0.78 (-0.40) 
0.78 (-0.40) 

0.78 (-0.40) 
0.77 (-0.41) 
0.77 (-0.41) 
0.76 (-0.42) 
0.76 (-0.42) 
0.75 (-0.43) 
0.75 (-0.43) 
0.74 (-0.44) 
0.74 (-0.44) 
0.74 (-0.44) 
0.74 (-0.43) 
0.75 (-0.41) 

0.83 (-0.36) 
0.81 (-0.37) 
0.80 (-0.39) 
0.79 (-0.42) 
0.76 (-0.42) 
0.74 (-0.44) 

AS13 

v.r. t 
1.16 (1.68) 
1.19 (1.47) 
1.14 (0.87) 
1.10 (0.55) 
1.08 (0.43) 
1.05 (0.25) 
1.02 (0.09) 
0.99 (-0.04) 
1.00 (0.00) 
1.02 (0.09) 
1.03 (0.14) 

0.97 (-0.11) 
0.91 (-0.30) 
0.88 (-0.37) 
0.81 (-0.54) 
0.77 (-0.64) 
0.74 (-0.67) 
0.72 (-0.70) 
0.72 (-0.68) 
0.74 (-0.63) 
0.74 (-0.60) 
0.75 (-0.58) 
0.74 (-0.59) 

0.74 (-0.58) 
0.73 (-0.58) 
0.72 (-0.61) 
0.69 (-0.65) 
0.68 (-0.66) 
0.67 (-0.67) 
0.68 (-0.66) 
0.67 (-0.65) 
0.66 (-0.66) 
0.66 (-0.67) 
0.65 (-0.67) 
0.65 (-0.67) 

0.64 (-0.67) 
0.63 (-0.68) 
0.63 (-0.69) 
0.62 (-0.69) 
0.62 (-0.68) 
0.62 (-0.68) 
0.61 (-0.68) 
0.61 (-0.68) 
0.61 (-0.67) 
0.61 (-0.66) 
0.62 (-0.65) 
0.63 (-0.62) 

0.72 (-0.63) 
0.70 (-0.65) 
0.68 (-0.65) 
0.67 (-0.70) 
0.62 (-0.70) 
0.61 (-0.70) 

ASH 

v.r. t 
1.16 (1.85) 
1.20 (1.67) 
1.13 (0.91) 
1.09 (0.56) 
1.09 (0.53) 
1.08 (0.41) 
1.06 (0.31) 
1.05 (0.23) 
1.06 (0.29) 
1.09 (0.37) 
1.09 (0.38) 

1.02 (0.08) 
0.95 (-0.16) 
0.91 (-0.29) 
0.82 (-0.53) 
0.77 (-0.67) 
0.74 (-0.73) 
0.72 (-0.76) 
0.71 (-0.75) 
0.72 (-0.70) 
0.73 (-0.67) 
0.73 (-0.65) 
0.72 (-0.66) 

0.71 (-0.67) 
0.71 (-0.66) 
0.70 (-0.68) 
0.68 (-0.70) 
0.67 (-0.71) 
0.66 (-0.72) 
0.67 (-0.71) 
0.67 (-0.69) 
0.66 (-0.69) 
0.66 (-0.69) 
0.65 (-0.70) 
0.65 (-0.69) 

0.64 (-0.70) 
0.64 (-0.70) 
0.63 (-0.70) 
0.63 (-0.70) 
0.63 (-0.70) 
0.62 (-0.71) 
0.61 (-0.72) 
0.60 (-0.73) 
0.60 (-0.72) 
0.59 (-0.72) 
0.59 (-0.72) 
0.59 (-0.71) 

0.71 (-0.69) 
0.69 (-0.69) 
0.67 (-0.70) 
0.66 (-0.76) 
0.63 (-0.76) 
0.59 (-0.76) 

AS15 

v.r. t 
1.20 (2.01) 
1.26 (1.88) 
1.21 (1.27) 
1.17 (0.93) 
1.15 (0.79) 
1.12 (0.57) 
1.08 (0.39) 
1.07 (0.31) 
1.10 (0.42) 
1.14 (0.55) 
1.15 (0.56) 

1.07 (0.24) 
1.01 (0.02) 
0.97 (-0.09) 
0.89 (-0.31) 
0.84 (-0.43) 
0.81 (-0.48) 
0.80 (-0.50) 
0.81 (-0.46) 
0.82 (-0.41) 
0.83 (-0.39) 
0.83 (-0.39) 
0.81 (-0.43) 

0.79 (-0.45) 
0.78 (-0.47) 
0.76 (-0.50) 
0.74 (-0.55) 
0.73 (-0.56) 
0.72 (-0.57) 
0.73 (-0.55) 
0.73 (-0.54) 
0.72 (-0.54) 
0.71 (-0.55) 
0.70 (-0.57) 
0.70 (-0.57) 

0.69 (-0.58) 
0.68 (-0.59) 
0.68 (-0.59) 
0.67 (-0.60) 
0.67 (-0.59) 
0.66 (-0.60) 
0.66 (-0.60) 
0.65 (-0.60) 
0.66 (-0.59) 
0.66 (-0.59) 
0.66 (-0.58) 
0.67 (-0.56) 

0.79 (-0.48) 
0.76 (-0.51) 
0.73 (-0.53) 
0.72 (-0.57) 
0.67 (-0.60) 
0.65 (-0.60) 

AS 16 

v.r. t 
1.17 (1.85) 
1.22 (1.74) 
1.15 (1.00) 
1.10 (0.61) 
1.08 (0.47) 
1.04 (0.22) 
1.00 (0.02) 
0.98 (-0.07) 
1.00 (0.02) 
1.03 (0.13) 
1.04 (0.15) 

0.96 (-0.14) 
0.89 (-0.36) 
0.85 (-0.45) 
0.77 (-0.64) 
0.72 (-0.74) 
0.70 (-0.77) 
0.68 (-0.80) 
0.68 (-0.79) 
0.68 (-0.76) 
0.68 (-0.75) 
0.67 (-0.75) 
0.65 (-0.78) 

0.64 (-0.78) 
0.64 (-0.79) 
0.62 (-0.81) 
0.60 (-0.84) 
0.59 (-0.85) 
0.58 (-0.85) 
0.59 (-0.83) 
0.59 (-0.82) 
0.59 (-0.82) 
0.58 (-0.81) 
0.58 (-0.81) 
0.58 (-0.80) 

0.58 (-0.79) 
0.57 (-0.80) 
0.57 (-0.80) 
0.56 (-0.80) 
0.56 (-0.79) 
0.56 (-0.79) 
0.55 (-0.79) 
0.55 (-0.79) 
0.55 (-0.78) 
0.55 (-0.77) 
0.55 (-0.76) 
0.56 (-0.74) 

0.65 (-0.79) 
0.62 (-0.80) 
0.61 (-0.79) 
0.58 (-0.86) 
0.56 (-0.86) 
0.55 (-0.86) 

AS17 

v.r. t 
1.13 (1.68) 
1.18 (1.67) 
1.15 (1.14) 
1.11 (0.76) 
1.10 (0.65) 
1.07 (0.41) 
1.05 (0.25) 
1.03 (0.17) 
1.05 (0.25) 
1.07 (0.32) 
1.07 (0.31) 

0.99 (-0.03) 
0.93 (-0.25) 
0.89 (-0.38) 
0.82 (-0.57) 
0.78 (-0.66) 
0.76 (-0.71) 
0.74 (-0.74) 
0.73 (-0.73) 
0.73 (-0.71) 
0.73 (-0.69) 
0.73 (-0.68) 
0.72 (-0.70) 

0.71 (-0.71) 
0.70 (-0.71) 
0.70 (-0.71) 
0.68 (-0.73) 
0.67 (-0.74) 
0.66 (-0.76) 
0.65 (-0.77) 
0.64 (-0.78) 
0.63 (-0.80) 
0.61 (-0.82) 
0.60 (-0.83) 
0.59 (-0.83) 

0.58 (-0.84) 
0.57 (-0.86) 
0.56 (-0.86) 
0.55 (-0.88) 
0.55 (-0.88) 
0.54 (-0.88) 
0.53 (-0.89) 
0.52 (-0.90) 
0.51 (-0.90) 
0.51 (-0.90) 
0.50 (-0.90) 
0.50 (-0.89) 

0.71 (-0.72) 
0.67 (-0.76) 
0.63 (-0.79) 
0.64 (-0.78) 
0.55 (-0.88) 
0.50 (-0.90) 

AS18 

v.r. t 
1.15 (1.74) 
1.19 (1.55) 
1.13 (0.89) 
1.09 (0.58) 
1.09 (0.49) 
1.05 (0.29) 
1.02 (0.11) 
1.00 (-0.02) 
1.01 (0.03) 
1.02 (0.08) 
1.02 (0.08) 

0.94 (-0.23) 
0.86 (-0.48) 
0.80 (-0.64) 
0.72 (-0.85) 
0.67 (-0.97) 
0.64 (-1.02) 
0.62 (-1.04) 
0.62 (-1.01) 
0.63 (-0.96) 
0.63 (-0.92) 
0.63 (-0.91) 
0.62 (-0.92) 

0.61 (-0.92) 
0.61 (-0.91) 
0.60 (-0.92) 
0.59 (-0.93) 
0.58 (-0.93) 
0.58 (-0.94) 
0.58 (-0.92) 
0.58 (-0.91) 
0.57 (-0.91) 
0.57 (-0.91) 
0.56 (-0.90) 
0.56 (-0.89) 

0.56 (-0.88) 
0.56 (-0.88) 
0.55 (-0.88) 
0.55 (-0.88) 
0.55 (-0.86) 
0.55 (-0.86) 
0.55 (-0.86) 
0.54 (-0.86) 
0.54 (-0.84) 
0.54 (-0.83) 
0.54 (-0.82) 
0.55 (-0.80) 

0.61 (-0.95) 
0.60 (-0.93) 
0.58 (-0.91) 
0.57 (-1.04) 
0.55 (-1.04) 
0.54 (-1.04) 

stocks into 25 groups according to the size (market equity) ranks of these individual stocks at the end of June of each year. MAS is the 
market portfolio consisting of the stocks in the 25 portfolios. Q is the return horizon ranging from 2 months to 120 months. Variance 
ratios are those in the column denoted by **v.r." Numbers inside parentheses in the column denoted by "t" are variance ratio t values. If 
the absolute value of a t value is greater than 1.96, the variance ratio is significantly different from one at the 5 percent level. AVS, 
AVM, and AVL are respectively the arithmetic means of the relevant measures (either variance ratios or t values) for the horizons 
between 25 months and72 months, between 25 months and 96 months, and between 25 months and 120 .... (continued on next page) 
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Table 4.7 (continued) 

Q AS19 AS20 AS21 AS22 AS23 AS24 AS25 MAS 

v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t 
2 1.16 (1.71) 1.13 (1.35) 1.14 (1.44) 1.12 (1.42) 1.11 (1.45) 1.08 (0.95) 1.05 (0.70) 1.09 (1.18) 
3 1.20 (1.54) 1.16 (1.16) 1.16 (1.23) 1.14 (1.13) 1.13 (1.24) 1.08 (0.73) 1.05 (0.49) 1.11 (0.98) 
4 1.14(0.94) 1.07(0.43) 1.08(0.52) 1.05(0.33) 1.07(0.59) 1.00(0.01) 0.99 (-0.05) 1.05(0.34) 
5 1.13(0.73) 1.01(0.08) 1.03(0.16) 1.00 (-0.01) 1.05(0.32) 0.97 (-0.20) 0.98 (-0.15) 1.02(0.13) 
6 1.14(0.77) 1.01(0.04) 1.02(0.09) 1.00 (-0.03) 1.06(0.41) 0.99 (-0.07) 1.01(0.08) 1.04(0.23) 
7 1.13(0.68) 0.98 (-0.09) 0.99 (-0.04) 0.% (-0.20) 1.05(0.31) 0.98 (-0.11) 1.01(0.05) 1.03(0.15) 
8 1.12(0.56) 0.95 (-0.23) 0.97 (-0.17) 0.93 (-0.35) 1.04(0.23) 0.97 (-0.18) 1.00 (-0.01) 1.01(0.05) 
9 1.11(0.49) 0.93 (-0.32) 0.94 (-0.26) 0.92 (-0.38) 1.04(0.19) 0.96 (-0.20) 1.00 (-0.01) 1.00(0.01) 
10 1.13(0.57) 0.94 (-0.27) 0.96 (-0.19) 0.94 (-0.28) 1.06(0.30) 0.98 (-0.11) 1.02(0.09) 1.02(0.11) 
11 1.15(0.65) 0.96 (-0.18) 0.98 (-0.09) 0.96 (-0.18) 1.08(0.40) 0.99 (-0.03) 1.03(0.17) 1.04(0.19) 
12 1.15(0.60) 0.95 (-0.20) 0.98 (-0.09) 0.95 (-0.20) 1.08(0.39) 0.99 (-0.04) 1.04(0.18) 1.04(0.19) 

15 1.07(0.24) 0.86 (-0.49) 0.89 (-0.38) 0.88(0.44) 1.02(0.07) 0.93 (-0.28) 1.00(0.01) 0.98 (-0.07) 
18 0.99 (-0.05) 0.80 (-0.67) 0.83 (-0.57) 0.81(0.63) 0.97 (-0.12) 0.87 (-0.48) 0.97 (-0.12) 0.93 (-0.27) 
21 0 93 (-0.22) 0.76 (-0.74) 0.79 (-0.67) 0.76 (-0.74) 0.92(0.28) 0.83 (-0.60) 0.93 (-0.26) 0.88 (-0.42) 
24 0 85 (-0.44) 0.69 (-0.89) 0.72 (-0.83) 0.69(0.91) 0.85(0.51) 0.76 (-0.79) 0.86 (-0.48) 0.80 (-0.64) 
27 0 80 (-055) 0.65 (-0.98) 0.68 (-0.92) 0.65 (-0.98) 0.80 (-0.63) 0.71 (-0.90) 0.83 (-0.59) 0.76 (-0.75) 
30 0 78 (-0.60) 0.62 (-1.01) 0.66 (-0.94) 0.63 (-1.00) 0.77 (-0.70) 0.69 (-0.93) 0.80 (-0.64) 0.73 (-0.80) 
33 0 76 (-0.63) 0.60 (-1.05) 0.64 (-0.96) 0.62 (-0.99) 0.75(0.73) 0.68 (-0.94) 0.78 (-0.68) 0.71 (-0.83) 
36 0 76 (-0.61) 0.59 (-1.04) 0.64 (-0.94) 0.63(0.94) 0.75 (-0.71) 0.68 (-0.90) 0.78 (-0.66) 0.71 (-0.81) 
39 0 76 (-059) 0.59 (-1.02) 0.63 (-0.92) 0.63 (-0.90) 0.76 (-0.68) 0.69 (-0.86) 0.79 (-0.62) 0.72 (-0.77) 
42 0 76 (-0.58) 0.59 (-1.00) 0.64 (-0.90) 0.63 (-0.88) 0.76(0.66) 0.69 (-0.82) 0.80 (-0.58) 0.72 (-0.74) 
45 0 75 (-0.60) 0.58(-0.99) 0.63 (-0.89) 0.63 (-0.88) 0.75(0.67) 0.69(-0.80) 0.80(-0.55) 0.72(-0.73) 
48 0.72 (-0.65) 0.57 (-1.01) 0.62 (-0.90) 0.60 (-0.92) 0.73 (-0.71) 0.69 (-0.79) 0.80 (-0.55) 0.71 (-0.74) 

51 0 71 (-067) 0.57 (-0.99) 0.62 (-0.89) 0.59 (-0.93) 0.71 (-0.73) 0.69 (-0.78) 0.81 (-0.52) 0.71 (-0.73) 
54 070(-0.68) 0.58 (-0.96) 0.63 (-0.86) 0.58 (-0.94) 0.71 (-0.73) 0.70 (-0.74) 0.82 (-0.46) 0.71 (-0.70) 
57 0 68 (-071) 0.58 (-0.95) 0.63 (-0.84) 0.57 (-0.95) 0.70 (-0.74) 0.71 (-0.71) 0.84 (-0.41) 0.72 (-0.68) 
60 0 66 (-0.74) 0.57 (-0.95) 0.63 (-0.83) 0.56 (-0.97) 0.69 (-0.75) 0.71 (-0.70) 0.86 (-0.36) 0.72 (-0.67) 
63 065 (-0.75) 0.57 (-0.93) 0.63 (-0.81) 0.55 (-0.97) 0.69 (-0.75) 0.71 (-0.68) 0.87 (-0.32) 0.72 (-0.65) 
66 0 65 (-074) 0.57 (-0.92) 0.63 (-0.79) 0.54 (-0.98) 0.68 (-0.74) 0.71 (-0.66) 0.89 (-0.28) 0.73 (-0.63) 
69 0 66 (-0.72) 0.58 (-0.90) 0.64 (-0.76) 0.54 (-0.96) 0.69 (-0.72) 0.73 (-0.63) 0.91 (-0.23) 0.74 (-0.59) 
72 0.67 (-0.69) 0.58 (-0.87) 0.65 (-0.73) 0.54 (-0.95) 0.70 (-0.69) 0.74 (-0.58) 0.93 (-0.17) 0.75-0.55) 
75 0.67 (-0.68) 0.58 (-0.86) 0.66 (-0.72) 0.53 (-0.95) 0.70 (-0.68) 0.75 (-0.55) 0.94 (-0.13) 0.76 -0.53 
78 0.67 (-0.67) 0.58 (-0.85) 0.66 (-0.71) 0.53 (-0.95) 0.70 (-0.67) 0.76 (-0.53) 0.95 (-0.11) 0.76-0.51 
81 0 67-066) 0 5 8 - 0 85) 0.66 (-0.70) 0.52 (-0.96) 0.70 (-0.66) 0.77 (-0.50) 0.97 (-0.07) 0.77 (-0.49) 
84 OMWM) OslSm 0.67 (-0-67) 0.52 (-0.95) 0.71 (-0.63) 0.79 (-0.46) 0.99 (-0.03) 0.78 (-0.46) 

87 0.68 (-0.63) 0.58 (-0.82) 0.67 (-0.65) 0.51 (-0.95) 0.72 (-0.60) 0.80 (-0.43) 1.00(0.01) 0.79 (-0.43) 
90 0 67-0.63) 0.58 (-0.82) 0.68 (-0.63) 0.51 (-0.95) 0.72 (-0.59) 0.81 (-0.40) 1.02(0.05) 0.80-0.41 
93 0 68 $ 6 2 0 58-0.81 0.68-0.61 0.51 (-0.94) 0.73 (-0.56) 0.82 (-0.37) 1.04(0.09) 0.81-0.38) 
£ S:SSS o:58-o.80 0.69-0.59) o.5i(-o.93) ow-asy aotasg i.os (0.13 0.83-0.5) 
99 0.68 (-O60) 0.59 (-0.78) 0.71 (-0.56) 0.52 (-0.90) 0.75 (-0.50) 0.85-0.29 .09 0.19 0.85 -0.31 
102 0.67-0.60 0.59 (-0.77) 0.72 (-0.53) 0.52 (-0.89) 0.77 (-0.47) 0.87-0.26 . 1 0.23 0.86-0.28) 
105 0.67-0.6Q 0.59 (-0.75) 0.73 (-0.51) 0.52 (-0.88) 0.77 (-0.45) 0.89-0.23 14 0.28 0.87-0.25) 
108 0.67-0.59 0.59 (-0.75) 0.73 (-0.49) 0.52 (-0.87) 0.78 (-0.43 0.90-0.20 - 6 0.33 0.89-0.22 
111 0.68 (-0.58) 0.60 (-0.72) 0.75 (-0.46) 0.53 (-0.85) 0.80-0.40) 0 .92-0.6 .19 £38 0 .91-0.8 
114 fi«W-0.57i 0 6W-O7H 0 76 (-044) 0.53 (-0.84) 0.81 (-0.37) 0.93 (-0.13) 1.21 (0.43) 0.92 (-0.14) 

7 o £ £ o J » 0 S 077 S « 0.54-0.82 0.82 (-0.34) 0.95 (-0.09) 1.24(0.48) 0.94 (-0.11) 
I S £ £ £ § a 6 2 $ 6 7 ) £79 $ 3 7 ) 0.55 (-0.79) 0.85 (-0.29) 0.98 (-0.05) 1.28(0.54) 0.97 (-0.05) 

AVS 0.72 (-0.65) 0.59 (-0.98) 0.64 (-0.87) 0.60 (-0.95) 0.73 (-0.71) 0.70 (-0.78) 0.83 (-0.48) 0.72 (-0.71) 
AVM 0.70-0-65) 0.59 (-0.93) 0.65 (-0.80) 0.57 (-0.95) 0.72 (-0.68 0.73-0.67) 0.88-0.33 0.74-0.63 
AVL 0.70 (-0.63) 0.59 (-0.88) 0.67 (-0.72) 0.56 (-0.92) 0.74 -0.6» 0.77-0.55) 0.96-0.16 0.78 (-0.52 
MNS 0.65 (-0.75) 0.57 (-1.05) 0.62 (-0.96) 0.54 (-1.00) 0.68-0.75) 0.67-0.94 0.78-0.68 0 .7-0 .83 
MNM 0.65 (-0.75) 0.57 (-1.05) 0.62 (-0.96) 0.51 (-1.00) 0.68-0.75) 0.67-0.94 0.78 -0.68 0.7 £ 8 3 
MNL 0.65 (-0.75) 0.57 (-1.05) 0.62 (-0.96) 0.51 (-1.00) 0.68(0.75) 0.67 (-0.94) 0.78 (-0.68) 0.71 (-0.83) 

months. MNS. MNM, and MNL are respectively the mmima of the relevant ™ " X ^ i ^ ^ ^ r n c ^ ^ n a n c e of 
horizons between 25 months and 72 months, between 25 nH»ths and 96 months. a*i between 25 m<>r^ a t ^ 11K vanance ot 
m o ^ o b ^ o n s u t t e b ^ v ^ Vananceratio f values 
a T ^ ^ o n " m^^ZLuoa, w h S s developed by Lo and MacKinlay (1988) under the assumption that random 
variables of interest are serially uncorrelated and heteroscedasticaUy distributed. 
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Table 4.8 
Time Series Means of Coefficient Estimates for the Cross-sectional Regression 

of the Next Period Value-weighted Returns on Betas Estimated 
at the End of the Current Period under the Annually 

Adjusted Size Portfolio Formation Approach 

Sample content Sample period Return measure y0 yx R2 

NYSE/AMEX July/26-Dec./96 Value-weighted 0.0031 0.0074 0.24 
(all stocks) (monthly) (1.02) (2.46) 

»2 Numbers in parentheses below the coefficient estimates are t statistics. R is the time 
series (arithmetic) mean of R-squares of the following cross sectional regression 
during the period in which the regression is run. Coefficients y0 and yx are obtained 
from the following procedure: First, at the end of month t, the following OLS cross 
sectional regression is run to obtain y0, and yu: 

NRiMX - RF,+X = y0>, + yubi, + eiJ+x, i = 1,..., 25 . 

NRi ,+x is portfolio f s value-weighted nominal return for month t +1, RF,+X is the t-

bill rate for month f + 1, and bit is portfolio i's beta for month t. Then, t statistics 

of the two coefficients are obtained according to: 

, = r < 

T f 1 T V 

'c S(yc)/JT 
I r l _ 

= , c = 0,l, yc=;rX7c,,, S(yc)= — X ( y c , - f c ) 
- 1 * »=0 \t -L t=0 

- \2 

J 

T is the number of periods (months) during which the cross sectional regression is 
run. Note that bit is obtained through the following OLS time series regression: 

ANRij^a^+b^ARMj+e.j, j = t-59,--,t. 
ANR is the annual value-weighted nominal return of portfolio i at the end of month 

j and is obtained by compounding portfolio f s 12 monthly value-weighted nominal 

returns preceding the beginning of month j +1. ARM; is the annual value-weighted 

nominal return, measured at the end of month ; , of the market portfolio consisting of 

all the stocks in the 25 annually adjusted size portfoUos and is obtained by 

compounding the market portfolio's 12 monthly value-weighted nominal returns 

preceding the beginning of month j + l. 
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Table 4.9 
Variance Ratios and Their t Values for Value-weighted Expected Excess 

Returns of Annually Adjusted Size Portfolios of NYSE and AMEX 
Stocks from June 1932 to December 1996 

Q ASl AS2 AS3 AS4 AS5 AS6 AS7 AS8 AS9 

v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t 
2 1.21(260) 1.21(208) 1.14(1.87) 1.20(212) 1.16(1.83) 1.20(220) 1.17(201) 1.15(1.84) 1.18(213) 
3 1.30 (263) 1.28 (200) 1.19 (1.87) 1.27 (2.09) 1.20 (1.70) 1.27 (217) 1.23 (1.95) 1.21 (1.80) 1.25 (210) 
4 1.28 (205) 1.21 (1.30) 1.16 (1.27) 1.23 (1.49) 1.15 (1.04) 1.23 (1.56) 1.20 (1.40) 1.17 (1.24) 1.22 (1.54) 
5 1.24(1.60) 1.15(0.86) 1.12(0.89) 1.19(1.09) 1.10(0.65) 1.19(1.17) 1.17(1.08) 1.14(0.89) 1.19(1.20) 
6 1.21 (1.28) 1.12 (0.64) 1.11 (0.69) 1.16 (0.86) 1.08 (0.47) 1.17 (0.%) 1.16 (0.94) 1.12 (0.72) 1.18 (1.04) 
7 1.17 (1.00) 1.08 (0.42) 1.08 (0.47) 1.12 (0.62) 1.04 (0.25) 1.14 (0.74) 1.13 (0.73) 1.09 (0.51) 1.15 (0.81) 
8 1.14 (0.77) 1.05 (0.25) 1.05 (0.30) 1.09 (0.43) 1.02 (0.08) 1.11 (0.55) 1.11 (0.57) 1.07 (0.35) 1.12 (0.63) 
9 1.13(0.65) 1.03(0.15) 1.02(0.12) 1.07(0.32) 0.99 (-0.06) 1.09(0.43) 1.09(0.45) 1.04(0.22) 1.10(0.51) 
10 114(0.70) 1.05(0.23) 1.02(0.12) 1.09(0.39) 1.00 (-0.01) 1.11(0.49) 1.11(0.50) 1.06(0.28) 1.12(0.56) 
11 1.17 (0.81) 1.09 (0.37) 1.03 (0.16) 1.12 (0.51) 1.01 (0.07) 1.13 (0.59) 1.13 (0.58) 1.08 (0.35) 1.14 (0.63) 
12 1.20 (0.89) 1.12 (0.46) 1.04 (0.18) 1.15 (0.59) 1.03 (0.11) 1.15 (0.63) 1.14 (0.60) 1.09 (0.38) 1.15 (0.64) 

15 118(0.68) 1.07(0.24) 0.99 (-0.03) 1.09(0.32) 0.98 (-0.08) 1.10(0.36) 1.09(0.33) 1.03(0.11) 1.09(0.34) 
18 113(047) 1.03(0.08) 0.96 (-0.16) 1.03(0.11) 0.94 (-0.22) 1.04(0.15) 1.04(0.14) 0.98 (-0.07) 1.03(0.11) 
21 113(0.42) 1.01(0.04) 0.94 (-0.20) 1.02(0.05) 0.91 (-0.28) 1.02(0.07) 1.01(0.04) 0.95 (-0.16) 1.00 (-0.01) 
24 105(017) 0.94 (-0.16) 0.88 (-0.39) 0.94 (-0.18) 0.85 (-0.46) 0.95 (-0.15) 0.94 (-0.18) 0.88 (-0.36) 0.92 (-0.24) 
27 101(003) 0.90 (-0.27) 0.84 (-0.50) 0.88(0.32) 0.81 (-0.55) 0.90 (-0.28) 0.90 (-0.31) 0.83 (-0.50) 0.88(0.36) 
30 0 98 (-007) 0.87 (-0.34) 0.81 (-0.58) 0.85 (-0.39) 0.79 (-0.61) 0.87 (-0.35) 0.87 (-0.37) 0.79(0.58) 0.85(0.42) 
33 0 96 (-010) 0.85 (-0.36) 0.78 (-0.62) 0.83 (-0.42) 0.77 (-0.64) 0.86 (-0.38) 0.85 (-0.40) 0.77(0.62) 0.84(0.45) 
36 0*98 (-0.06) 0.87 (-0.32) 0.79 (-0.59) 0.84 (-0.38) 0.77 (-0.61) 0.86 (-0.35) 0.86 (-0.37) 0.77 (-0.59) 0.84 (-0.42) 
39 101(002) 0.89 (-0.25) 0.81 (-0.52) 0.87(0.30) 0.78 (-055) 0.88 (-0.29) 0.88 (-0.31) 0.79 (-0.52) 0.86 (-0.37) 
42 102(005) 0.91 (-0.20) 0.81 (-0.48) 0.89(0.26) 0.79 (-0.52) 0.89 (-0.26) 0.89 (-0.27) 0.80 (-0.49) 0.86(0.34) 
45 102(005) 0 92(-0.18) 0.82(-0.46) 0.89 (-0.25) 0.80(-0.50) 0.90(-0.25) 0.90(-0.25) 0.80(-0.47) 0.86(0.34) 
48 LOO(o!oi) 0.91 (-0.20) 0.80 (-0.48) 0.87 (-0.28) 0.78 (-0.52) 0.88 (-0.27) 0.89 (-0.27) 0.79 (-0.49) 0.85(0.37) 

51 100(000) 0.91 (-0.20) 0.80 (-0.47) 0.86 (-0.29) 0.78 (-0.52) 0.88 (-0.28) 0.89 (-0.26) 0.79 (-0.48) 0.84(0.38) 
54 a99(-0.02) 0.91-0.20 0.80 (-0.47) 0.86 (-0.30) 0.78 (-0.51) 0.87 (-0.28) 0.89 (-0.26) 0.79 (-0.48) 0.83 (-0.39 
57 0 96-008) 0 89 (-023 0.79 (-0.49) 0.83 (-0.35) 0.76 (-0.54) 0.85 (-0.32) 0.87 (-0.29) 0.77 (-0.50) 0.81(0.43) 
60 092-016) 0 86-028 076-0.53 0.79-0.42 0.74 (-0.57) 0.83 (-0.37) 0.85 (-0.33) 0.75 (-0.54) 0.79 (-0.4p 
63 091 GO 19 0 8 5 $ 3 0 0 76-0.54 0.78-0.45^ 0.74 (-0.58) 0.82(-0.39) 0.84 (-0.35) 0.74 (-0.55) 0.78 (-0.49) 
66 o S -022 o S S 075-0.59 0.76-0.47^ 0.73 (-0.59) 0.80(-0.41) 0.83 (-0.36) 0.73 (-0.57) 0.77 (-0.50) 
69 0 88-024 0 83 $ 3 2 074 -05fl 0.75-0.48) 0.72 (-0.59) 0.80 (-0.42) 0.83 (-0.37) 0.73 (-0.56) 0.77 (-0.50) 
72 o S t O l O 0 8 l $ 3 3 074 S.56 074-0.49 0.71-0.60) 0.79 (-0.43) 0.82 (-0.38) 0.72 (-0.56) 0.76 (-0.52) 
75 0 85-029 0 8 2 $ 3 4 072$.57^ 0.73-0.51 0.70(-0.62) 0.77 (-0.45) 0.80(-0.41) 0.71 (-0.58) 0.74 (-0.54) 
71 0 84 $ 3 1 0 81 $ 3 4 0 7 2 $ ™ 0.72-0.52 0.70(-0.62) 0.76(-0.46) 0.79 (-0.42) 0.70(-0.58) 0.73 (-0.55) 
M o £ $ 3 3 0 8 $ 3 5 ) 071 $ 5 7 ) 0.70-0.54 0.69-0.63) 0.75 (-0.48) 0.78 (-0.44) 0.70(-0.59) 0.72(-0.57) 
l\ ofnofs] 0.80 $ 3 6 ) a7i$ .57) 0.70 (-0.54) 0.68 (-0.63) 0.75 (-0.48) 0.77 (-0.46) 0.69 (-0.58) 0.71 (-0.57) 

87 nwW-n™ 0 80M>361 071 (-057) 069 (-0.55) 0.68 (-0.63) 0.74 (-0.49) 0.76 (-0.47) 0.69 (-0.58) 0.71(0.58) 
90 S"S W 3 § WWm 0 69 $ 5 9 ) a68 -0.56 0.67-0.64) 0.73 (-0.51) 0.75 (-0.49) 0.68 (-0.59) 0.69 (-0.60) 
U 079 (OYn 0 79-037) 0 6 8 $ 6 0 0.67-0.56 0.66 (-0.64) 0.72(-0.51) 0.74 (-0.50) 0.68 (-0.59) 0.69 (-0.61 
ll 0 7 ? $ S 0 78$38) 067 $ 6 1 067-0.57^ 0.65-0.66) 0.71 (-0.52) 0.73 (-0.51) 0.67 (-0.60) 0.68 (-0.62) 

irw nntJiltti 0 77f-0 9tt 0 66f-06D 066(-0.57) 0.64(0.65) 0.71 (-0.52) 0.71 (-0.52) 0.66(0.59) 0.67(0.62) 
M f n M i a S O T J t o S 066 $ 6 2 065-0.58 0.64-0.66) 0.70 (-0.52) 0.70 (-0.53) 0.66 (-0.60) 0.66 (-0.62) 
n* 0 % $ J S 0 T C $ 3 » 0 65 $ 6 2 0 65 -0.58 0.63-0.66) 0.70 (-0.52) 0.69 (-0.55) 0.65 (-0.60) 0.65 (-0.63) 
?? 0 77 $ 1 2 0 77 $ 3 8 065-061 0 65-056 0.63-0.69 0.70 (-0.51) 0.69 (-0.54) 0.66 (-0.58) 0.65 (-0.62) 
1 0 7 7 $ ' ^ o £ $ 3 « 0 65 $ 6 0 65 -056 0.63-0.69 0.70 (-0.51) 0.69 (-0.55) 0.66 (-0.58) 0.65 (-0.62) 
7 o £ $ 1 « 0 77 $ 3 6 065 $ 6 0 0 66-054 0.63-0.64 0.71 (-0.50) 0.69 (-0.54) 0.66 (-0.57) 0.65 (-0.62) 

m a S & S a S $ 3 4 ) S S t H a ? 7 $ 5 2 ) 0.63 (-0.63) 0.72 (-0.48) 0.69 (-0.53) 0.67 (-0.55) 0.65 (-0.61) 

AVS 0.97(-0.07) 0.88(-0.27) 0.79(-0.52) 0.83 (-0.36) 0.77 (-0i6) 0.86(-0.33) 0.87 (-0.32) 0.78(-0.53) 0.83(;0.42) 
AVM 0.92 (-0.16) 0.85 (-0.30) 0.76 (-0.54) 0.79 (-0.42) 0.74 -0.58 0.82-0.38 0.83-0.36 0.75 0.55) 0.79 0.47) 

M̂S JSE2 S S S 0744$62! E $ g : .« S 3S SS 3S SIS3 ™ffi3 
£ £ . 0%%%) M £ 3 0 ^ J t S 0 .67$,T! 0.65-0.66) 0.71(-0.52) 0,3(0.51) 0.6^-0,2) 0.68 (-0,2) 
MNL 0.76 (-0.40) 0.76 (-0.40) 0.65 (-0.63) 0.65 (-0.58) 0.63 (-0.66) 0.70 (-0.53) 0.68 (-055) 0.65 (-0.62) 0.65 (U.63) 

^ ^ ^ ^ . t t ^ d c f J u n e r f ^ h ^ r . MAS ^thema4ctpo«fouocx»si^afthe«ock.m*c25por«foho..... (conant on next p*.) 
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Table 4.9 (continued) 

AS10 ASH AS12 AS13 ASH AS15 AS16 AS17 AS18 

v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t 
2 1.19(1.90) 1.20(215) 1.18(202) 1.18(1.91) 1.20(1.75) 1.21(1.89) 1.21(1.90) 1.18(1.92) 1.22(1.89) 
3 1.24 (1.79) 1.27 (211) 1.26 (204) 1.24 (1.83) 1.25 (1.59) 1.28 (1.79) 1.27 (1.76) 1.23 (1.77) 1.28 (1.76) 
4 1.19 (1.18) 1.23 (1.56) 1.23 (1.52) 1.19 (1.25) 1.16 (0.87) 1.20 (1.13) 1.20 (1.09) 1.19 (1.22) 1.22 (1.18) 
5 1.15 (0.84) 1.20 (1.22) 1.19 (1.17) 1.15 (0.91) 1.10 (0.49) 1.15 (0.75) 1.14 (0.70) 1.16 (0.91) 1.17 (0.84) 
6 1.13 (0.70) 1.19 (1.06) 1.18 (0.99) 1.14 (0.75) 1.07 (0.34) 1.12 (0.58) 1.11 (0.53) 1.14 (0.78) 1.15 (0.70) 
7 1.10(0.50) 1.16(0.84) 1.14(0.76) 1.11(0.54) 1.03(0.15) 1.08(0.36) 1.07(0.32) 1.11(0.57) 1.12(0.51) 
8 107(0.34) 1.13(0.65) 1.11(0.57) 1.08(0.37) 1.00 (-0.01) 1.04(0.19) 1.03(0.14) 1.08(0.38) 1.08(0.34) 
9 105(0.23) 1.11(0.54) 1.09(0.44) 1.06(0.27) 0.98 (-0.10) 1.02(0.09) 1.01(0.05) 1.06(0.27) 1.07(0.27) 
10 107(0.30) 1.13(0.60) 1.11(0.49) 1.08(0.34) 1.00(0.00) 1.05(0.18) 1.04(0.14) 1.07(0.32) 1.09(0.36) 
11 1 10 (0.40) 1.16 (0.70) 1.13 (0.57) 1.10 (0.44) 1.03 (0.12) 1.08 (0.31) 1.07 (0.26) 1.10 (0.41) 1.13 (0.49) 
12 1.11 (0.43) 1.17 (0.72) 1.14 (0.59) 1.11 (0.46) 1.05 (0.17) 1.10 (0.36) 1.09 (0.31) 1.10 (0.40) 1.15 (0.53) 

15 104(014) 1.11(0.40) 1.07(0.26) 1.04(0.16) 0.97 (-0.11) 1.02(0.07) 1.01(0.03) 1.03(0.11) 1.06(0.20) 
18 0 98 (-005) 1.05(0.16) 1.01(0.03) 0.98(0.06) 0.90(0.28) 0.95 (-0.14) 0.94 (-0.18) 0.96 (-0.12) 0.98 (-0.05) 
21 0 95 (-016) 1.01(0.04) 0.97 (-0.08) 0.95(0.17) 0.86 (-0.37) 0.91 (-0.25) 0.90 (-0.28) 0.92 (-0.26) 0.93 (-0.18) 
24 0 88 (-0 35) 0.93 (-0.20) 0.90 (-0.31) 0.87 (-0.37) 0.79(0.53) 0.83 (-0.45) 0.82 (-0.47) 0.84 (-0.47) 0.85(0.38) 
27 0 83 (-046) 0.89 (-0.33) 0.84 (-0.45) 0.83(0.49) 0.75 (-0.62) 0.78 (-056) 0.78 (-0.56) 0.80 (-0.58) 0.80 (-0.49) 
30 0 81 (-0 51) 0.86 (-0.39) 0.81 (-0.52) 0.80 (-0.54) 0.73 (-0.65) 0.75 (-0.61) 0.75 (-0.60) 0.77 (-0.62) 0.78(0.53) 
33 0 79 (-054) 0.84 (-0.42) 0.79 (-0.55) 0.79 (-0.56) 0.71 (-0.67) 0.73 (-0.64) 0.74 (-0.61) 0.76 (-0.64) 0.77 (-0.55) 
36 079 (-0.51) 0 85 (-0.39) 0.79 (-0.52) 0.79(0.53) 0.71 (-0.66) 0.73 (-0.61) 0.74 (-0.60) 0.76 (-0.63) 0.77 (-0.53) 
39 0 81 (-0 47) 0 86 (-0.35) 0.81 (-0.47) 0.81 (-0.48) 0.72 (-0.62) 0.75 (-057) 0.75 (-056) 0.76 (-0.59) 0.78 (-0.50) 
42 0 81-044) 0.87 (-0.33) 0.82 (-0.44) 0.82 (-0.44) 0.72 (-0.60) 0.75 (-0.54) 0.75 (-0.54) 0.76 (-0.58) 0.78 (-0.48) 
45 0 81-0 43 0.86 (-0.33) 0.82 (-0.44) 0.82 (-0.43) 0.72 (-0.59) 0.75 (-0.53) 0.75 (-0.54) 0.76 (-0.58) 0.77-0.49 
48 0W(-0A5) 0.85 (-0.36) 0.80 (-0-46) 0.80 (-0.46) 0.71 (-0.60) 0.74 (-0.55) 0.73 (-057) 0.74 (-0.62) 0.75 (-0.52) 

51 0 80 (-0 46) 0 84 (-038) 0.79 (-0.47) 0.80 (-0.46) 0.71 (-0.60) 0.73 (-055) 0.72 (-0.58) 0.73 (-0.64) 0.75 (-0.53) 
5A 0%(ZM) 0 :83$39) 0.79-0.48 0 .79-0*9 0.71 (-0.59) 0.73 (-055) 0.71 (-059) 0.72 (-0.65) 0.74 (-0.54) 
57 078-048) 0 81 (-043 0 77 (-0.51) 0.78 (-0.48) 0.70 (-0.60) 0.71 (-0.58) 0.70 (-0.62) 0.70 (-0.67) 0.72(0.56 
60 075 0 52) 0 78 $ 4 8 0 7 4 - 0 56 0.76-0.52 0.68 (-0.63) 0.69 (-0.62) 0.67(^0.65) 0.68 (-0.71) 0.70 (-0.59) 
63 0 75 053 0 77 $ 5 0 0 73 (-058 0.75-0.53 0.68 (-0.63) 0.68 (-0.63) 0.66 (-0.66) 0.67 (-0.72) 0.70 (-0.60) 
rS 0 74 $ 5 4 076 $ 5 2 0 7 2 - 0 59 0.74-0.54 0.67 (-0.63) 0.66 (-0.65) 0.65 (-0.68) 0.67 (-0.72) 0.69 (-0.61) 
fit 0 73 $ 5 4 0 75 $ 3 2 0 71 (-059 0.74-0.53 0.67-0.63) 0.66 (-0.64) 0.65 (-0.67) 0.66 (-0.71) 0.69(0.60) 
72 OlliOSsl 0 74 $53 0 70 (-060 0.74-0.54 0.67-0.63) 0.66 (-0.65) 0.65 (-0.67) 0.66 (-0.71) 0.69 (-0.60) 
75 o £ $ 5 7 ) 073 S S 0.69 $ . 6 2 0.73-0.59 0.66 (-0.63) 0.65 (-0.66) 0.64 (-0.69) 0.65 (-0.73) 0.68 (-0.61) 
ll 07 0 57) 071 $ 5 8 ) 0 6 8 $ 6 3 0.72-0.56 0.66 (-0.63) 0.64 (-0.67) 0.63 (-0.69) 0.64 (-0.74) 0.67 (-0.62) 
ll 0 7 0 $ 5 ? ) 0 70$ .59) 0 67 $ 6 4 0.71-0.57^ 0.65 (-0.64) 0.63 (-0.68) 0.62 (-0.70) 0.62 (-0.76) 0.66 (-0.63) 
84 £ 3 ( 5 $ a S $ S a 6 6 $ 6 4 i 0.70 (-0.57) 0.65 (-0.63) 0.62 (-0.68) 0.62 (-0.70) 0.62 (-0.77) 0.66 (-0.63) 

87 ()M(05to 0 68f-062) 0 66 (-069 0.70 (-0.58) 0.65 (-0.63) 0.62 (-0.68) 0.61 (-0.71) 0.61 (-0.78) 0.65(0.63) 
S n S $ 6 n 0 6 7 $ 6 3 0 6 4 $ 6 7 ) 0 69-0.59 0.64-0.64) 0.61 (-0.69) 0.60(-0.71) 0.59 (-0.80) 0.64 (-0.64) 

oncttheSp^lcveL A V S . A V M , » d ^ ^ ^ T ^ ^ ^ Z l ^ ^ t ^ ^ l ^ ^ ^ , MNHodMNL^ 

^pecovdysherrininurftherdev^ < ^ ^ ^ ^ ^ Z m t m for calcul i v«ran« mm C ecu.*-
ind 96 months, tndbetwera 25 month, and 120 months. The vmmce of monthly ooMWinm if » o ^ « « » " w»yi» ^ 
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Table 4.9 (continued) 
AS19 AS20 AS21 AS22 AS23 AS24 AS25 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
HI 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

v.r. t 
1.21 (1.87) 
1.27 (1.80) 
1.22 (1.24) 
1.17 (0.89) 
1.16 (0.75) 
1.12 (0.55) 
1.09 (0.38) 
1.07 (0.31) 
1.10 (0.41) 
1.14 (0.54) 
1.16 (0.58) 

1.08 (0.24) 
1.00 (0.00) 
0.96 (-0.11) 
0.88 (-0.32) 
0.83 (-0.44) 
0.80 (-0.48) 
0.79 (-0.50) 
0.80 (-0.47) 
0.81 (-0.42) 
0.82 (-0.40) 
0.82 (-0.39) 
0.80 (-0.42) 

0.79 (-0.43) 
0.79 (-0.43) 
0.77 (-0.46) 
0.75 (-0.49) 
0.74 (-0.51) 
0.73 (-052) 
0.73 (-0.51) 
0.73 (-0.50) 
0.73 (-0.51) 
0.72 (-0.52) 
0.71 (-0.54) 
0.71 (-0.53) 

0.70 (-0.54) 
0.69 (-0.59 
0.68 (-0.59 
0.68 (-0.56) 
0.68 (-0.59 
0.68 (-0.59 
0.67 (-0.59 
0.67 (-0.59 
0.67 (-0.54) 
0.67 (-0.54) 
0.68 (-0.53) 
0.69 (-0.50) 

0.78 (-0.46) 
0.76 (-0.48) 
0.74 (-050) 
0.73 (-052) 
0.68 (-0J6) 
0.67 (-0.56) 

v.r. t 
1.22 (1.81) 
1.27 (1.62) 
1.19 (0.96) 
1.13 (0.61) 
111 (0.47) 
1.07 (0.27) 
1.02 (0.10) 
1.01 (0.03) 
1.04 (0.13) 
1.08 (0.27) 
1.09 (0.31) 

1.01 (0.02) 
0.93 (-0.20) 
0.88 (-0.32) 
0.79 (-0.51) 
0.74 (-0.61) 
0.72 (-0.64) 
0.71 (-0.66) 
0.71 (-0.63) 
0.72 (-0.60) 
0.72 (-058) 
0.72 (-0.58) 
0.70 (-0.61) 

0.69 (-0.62) 
0.68 (-0.63) 
0.66 (-0.69 
0.64 (-0.69) 
0.63 (-0.70) 
0.62 (-0.71) 
0.62 (-0.70) 
0.62 (-0.70) 
0.61 (-0.70) 
0.60 (-0.72) 
0.59 (-0.73) 
0.58 (-0.74) 

0.57 (-0.79 
0.56 (-0.76) 
0.56 (-0.76) 
0.55 (-0.77) 
0.55 (-0.76) 
0.54 (-0.77) 
0.54 (-0.77) 
0.53 (-0.78) 
0.53 (-0.78) 
0.52 (-0.78) 
0.52 (-0.77) 
0.53 (-0.76) 

0.68 (-0.64) 
0.65 (-0.67) 
0.62 (-O.70) 
0.62 (-0.71) 
0.55 (-0.77) 
0.52 (-0.78) 

v.r. t 
1.22 (1.85) 
1.28 (1.71) 
1.21 (1.10) 
1.16 (0.74) 
1.13 (0.60) 
1.09 (0.39) 
1.05 (0.20) 
1.03 (0.12) 
1.06 (0.21) 
1.10 (0.34) 
1.11 (0.38) 

1.02 (0.07) 
0.94 (-0.16) 
0.90 (-0.27) 
0.82 (-0.46) 
0.77 (-0.56) 
0.74 (-0.59) 
0.73 (-0.61) 
0.73 (-0.59) 
0.74 (-0.57) 
0.74 (-0.59 
0.73 (-0.59 
0.71 (-0.58) 

0.70 (-0.60) 
0.69 (-0.61) 
0.68 (-0.63) 
0.65 (-0.67) 
0.64 (-0.68) 
0.64 (-0.69) 
0.64 (-0.68) 
0.63 (-0.68) 
0.62 (-0.69) 
0.61 (-0.71) 
0.60 (-0.72) 
0.59 (-0.72) 

0.58 (-0.73) 
0.57 (-0.79 
0.57 (-0.79 
0.56 (-0.76) 
0.56 (-0.79 
0.55 (-0.76) 
0.54 (-0.76) 
0.54 (-0.77) 
0.54 (-0.76) 
0.53 (-0.76) 
0.53 (-0.76) 
0.54 (-0.74) 

0.70 (-0.61) 
0.66 (-0.69 
0.63 (-0.68) 
0.63 (-0.69) 
0.56 (-0.76) 
0.53 (-0.77) 

v.r. t 
120 (1.69) 
1.25 (1.51) 
1.17 (0.89) 
1.12 (0.56) 
1.10 (0.44) 
1.06 (0.24) 
1.02 (0.06) 
1.00 (-0.01) 
1.02 (0.08) 
1.06 (0.21) 
1.07 (0.23) 

0.97 (-0.08) 
0.90 (-0.29) 
0.85 (-0.40) 
0.77 (-0.57) 
0.72 (-0.66) 
0.70 (-0.69) 
0.69 (-0.71) 
0.69 (-0.69) 
0.69 (-0.66) 
0.69 (-0.64) 
0.69 (-0.69 
0.67 (-0.67) 

0.66 (-0.69) 
0.65 (-0.69) 
0.64 (-0.72) 
0.62 (-0.79 
0.61 (-0.76) 
0.60 (-0.76) 
0.60 (-0.79 
0.60 (-0.73) 
0.60 (-0.74) 
0.59 (-0.74) 
0.59 (-0.74) 
0.59 (-0.74) 

0.58 (-0.74) 
0.57 (-0.79 
0.57 (-0.79 
0.56 (-0.76) 
0.56 (-0.79 
0.55 (-0.79 
0.55 (-0.76) 
0.54 (-0.76) 
0.54 (-0.79 
0.54 (-0.79 
0.54 (-0.79 
0.54 (-0.73) 

0.66 (-0.70) 
0.63 (-0.71) 
0.61 (-0.72) 
0.60 (-0.76) 
0.56 (-0.76) 
0.54 (-0.76) 

v.r. 
1.20 (1.63) 
1.25 (1.45) 
1.16 (0.82) 
1.11 (0.49) 
1.09 (0.38) 
1.05 (0.19) 
1.00 (0.02) 
0.98 (-0.06) 
1.01 (0.03) 
1.04 (0.15) 
1.06 (0.18) 

0.96 (-0.13) 
0.87 (-0.34) 
0.82 (-0.46) 
0.74 (-0.63) 
0.70 (-0.71) 
0.67 (-0.74) 
0.66 (-0.76) 
0.65 (-0.74) 
0.66 (-0.72) 
0.65 (-0.71) 
0.65 (-0.72) 
0.63 (-0.74) 

0.62 (-0.74) 
0.62 (-0.79 
0.60 (-0.76) 
0.59 (-0.79) 
0.58 (-0.79) 
0.57 (-0.79) 
0.58 (-0.77) 
0.58 (-0.76) 
0.58 (-0.76) 
0.58 (-0.79 
0.58 (-0.79 
0.58 (-0.73) 

0.58 (-0.73) 
0.57 (-0.73) 
0.57 (-0.73) 
0.57 (-0.73) 
0.57 (-0.72) 
0.57 (-0.71) 
0.57 (-0.71) 
0.57 (-0.71) 
0.57 (-0.70) 
0.57 (-0.69) 
0.57 (-0.68) 
0.58 (-0.66) 

0.63 (-0.79 
0.61 (-0.79 
0.60 (-0.73) 
0.57 (-0.80) 
0.57 (-0.80) 
0.57 (-0.80) 

v.r. t 
1.19 (1.57) 
123 (1.37) 
1.15 (0.76) 
1.09 (0.45) 
1.08 (0.35) 
1.04 (0.17) 
1.00 (0.01) 
0.99 (-0.09 
1.01 (0.05) 
1.05 (0.17) 
1.06 (0.19) 
0.96 (-0.13) 
0.88 (-0.34) 
0.82 (-0.47) 
0.75 (-0.63) 
0.71 (-0.70) 
0.69 (-0.72) 
0.67 (-0.73) 
0.68 (-0.71) 
0.68 (-0.68) 
0.69 (-0.66) 
0.69 (-0.69 
0.67 (-0.67) 

0.67 (-0.67) 
0.67 (-0.66) 
0.66 (-0.66) 
0.65 (-0.67) 
0.65 (-0.67) 
0.65 (-0.66) 
0.66 (-0.64) 
0.67 (-0.62) 
0.67 (-0.61) 
0.67 (-0.60) 
0.67 (-0.60) 
0.68 (-0.58) 

0.68 (-0.57) 
0.68 (-057) 
0.68 (-0.56) 
0.68 (-0.56) 
0.69 (-0.53) 
0.69 (-0.52) 
0.69 (-0.52) 
0.70 (-0 51) 
0.70 (-0.49) 
0.71 (-0.48) 
0.71 (-0.47) 
0.73 (-0.44) 

0.67 (-0.67) 
0.67 (-0.64) 
0.68 (-0.61) 
0.65 (-0.73) 
0.65 (-0.73) 
0.65 (-0.73) 

v.r. t 
1.18 (1.51) 
1.21 (1.26) 
1.13 (0.65) 
1.08 (0.35) 
1.06 (0.27) 
1.03 (0.10) 
0.99 (-0.04) 
0.97 (-0.10) 
1.00 (-0.01) 
1.03 (0.11) 
1.03 (0.11) 
0.94 (-0.19) 
0.86 (-0.39) 
0.80 (-0.51) 
0.73 (-0.69 
0.69 (-0.72) 
0.68 (-0.74) 
0.66 (-0.79 
0.66 (-0.73) 
0.67 (-0.71) 
0.67 (-0.69) 
0.67 (-0.68) 
0.66 (-0.69) 

0.66 (-0.68) 
0.66 (-0.67) 
0.66 (-0.67) 
0.65 (-0.67) 
0.65 (-0.67) 
0.65 (-0.69 
0.66 (-0.63) 
0.67 (-0.61) 
0.67 (-0.60) 
0.67 (-0.60) 
0.67 (-059) 
0.68 (-0.58) 

0.68 (-0.57) 
0.67 (-0.58) 
0.67 (-057) 
0.67 (-0.57) 
0.68 (-0.59 
0.68 (-0.54) 
0.68 (-0.54) 
0.67 (-0.54) 
0.68 (-0.53) 
0.68 (-0.53) 
0.68 (-0.52) 
0.69 (-050) 

0.67 (-0.69) 
0.67 (-0.69 
0.67 (-0.62) 
0.65 (-0.79 
0.65 (-0.79 
0.65 (-0.79 

MacKinlay (1988) under the assumption that random variables of interest are serially uncorrelated and heteroscedastically distributed. Expected excess return, 
(fiv + )\A#) .formonth t + l is obtained by running the cross sectional regression: MNR^ - /V#+1 = y^ + f^b^ + «^+,, i' = l 25. 
(MNRjj+i- RFl+l) is portfolio is excess return for month / + 1. b^ is obtained through the OLS time series regression: 

ANX<j=au+b^lANRMj+tUj , ; = /-59, •••,/. ANRj and ANRM; are respectively the annuafaeri nominal returns, measured at the end of month 
/' , of portfolio t and the maiket portfolio consisting of all the stocks and in the 25 AS portfolios. The annual nominal return measured at the end of 

month j is obtained by compounding the 12 monthly nominal reoirns preceding the begnunng of month j+l. 
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Table 4.10 
Variance Ratios and Their t Values for Value-weighted Residual Returns 

of Annually Adjusted Size Portfolios of NYSE and AMEX 
Stocks from June 1932 to December 1996 

ASl AS2 AS3 AS4 AS5 AS6 AS7 AS8 AS9 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

v.r. t 
1.01 (0.26) 
1.00 (-0.02) 
0.95 (-0.43) 
0.93 (-0.59) 
0.90 (-0.71) 
0.90 (-0.66) 
0.90 (-0.66) 
0.90 (-0.60) 
0.90 (-0.58) 
0.92 (-0.49 
0.92 (-0.41) 

0.94 (-0.27) 
0.91 (-0.37) 
0.91 (-0.36) 
0.92 (-0.28) 
0.93 (-0.22) 
0.92 (-0.24) 
0.93 (-0.22) 
0.92 (-0.24) 
0.93 (-0.20) 
0.93 (-0.19) 
0.94 (-0.16) 
0.93 (-0.17) 

0.93 (-0.18) 
0.93 (-0.18) 
0.93 (-0.16) 
0.93 (-0.19 
0.93 (-0.19 
0.94 (-0.14) 
0.94 (-0.14) 
0.93 (-0.19 
0.92 (-0.17) 
0.93 (-0.14) 
0.93 (-0.14) 
0.93 (-0.14) 

0.94 (-0.13) 
0.93 (-0.14) 
0.92 (-0.19 
0.91 (-0.17) 
0.90 (-0.18) 
0.89 (-0.20) 
0.89 (-0.21) 
0.88 (-0.21) 
0.88 (-0.22) 
0.88 (-0.21) 
0.88 (-0.21) 
0.89 (-0.20) 

0.93 (-0.18) 
0.93 (-0.17) 
0.92 (-0.18) 
0.92 (-0.29 
0.91 (-0.29 
0.88 (-0.29 

v.r. t 
0.93 (-0.72) 
0.87 (-0.99 
0.80 (-1.27) 
0.77 (-1.33) 
0.75 (-1.39 
0.72 (-1.44) 
0.69 (-1.51) 
0.66 (-1.56) 
0.65 (-1.53) 
0.65 (-1.47) 
0.65 (-1.40) 

0.63 (-1.30) 
0.59 (-1.39 
0.56 (-1.34) 
0.54 (-1.31) 
0.53 (-1.30) 
0.51 (-1.30) 
0.50 (-1.29) 
0.50 (-1.26) 
0.50 (-1.23) 
0.50 (-1.19) 
0.51 (-1.14) 
0.52 (-1.09) 

0.54 (-1.03) 
0.56 (-0.97) 
0.57 (-0.93) 
0.57 (-0.91) 
0.57 (-0.89) 
0.58 (-0.87) 
0.58 (-0.89 
0.58 (-0.83) 
0.59 (-0.80) 
0.60 (-0.77) 
0.61 (-0.79 
0.61 (-0.74) 

0.63 (-0.70) 
0.64 (-0.68) 
0.64 (-0.66) 
0.65 (-0.64) 
0.65 (-0.62) 
0.65 (-0.61) 
0.65 (-0.61) 
0.64 (-0.62) 
0.64 (-0.62) 
0.63 (-0.62) 
0.63 (-0.63) 
0.63 (-0.62) 

0.54 (-1.08) 
0.56 (-0.96) 
0.58 (-0.87) 
0.49 (-1.31) 
0.49 (-1.31) 
0.49 (-1.31) 

v.r. t 
1.04 (0.53) 
1.06 (0.55) 
1.03 (0.20) 
0.99 (-0.04) 
0.92 (-0.50) 
0.85 (-0.81) 
0.83 (-0.86) 
0.80 (-0.93) 
0.81 (-0.80) 
0.85 (-0.58) 
0.90 (-0.38) 

0.92 (-0.29 
0.91 (-0.26) 
0.93 (-0.19) 
0.94 (-0.16) 
0.96 (-0.10) 
0.98 (-0.09 
1.00 (-0.01) 
1.03 (0.07) 
1.06 (0.12) 
1.08 (0.17) 
1.09 (0.20) 
1.09 (0.19) 

1.08 (0.17) 
1.08 (0.15) 
1.05 (0.10) 
1.02 (0.04) 
1.00 (-0.01) 
0.97 (-0.09 
0.94 (-0.11) 
0.91 (-0.16) 
0.89 (-0.20) 
0.87 (-0.24) 
0.85 (-0.27) 
0.83 (-0.31) 

0.81 (-0.33) 
0.80 (-0.39 
0.80 (-0.36) 
0.79 (-0.36) 
0.79 (-0.36) 
0.79 (-0.37) 
0.78 (-0.37) 
0.78 (-0.37) 
0.78 (-0.37) 
0.78 (-0.37) 
0.77 (-0.37) 
0.78 (-0.36) 

1.02 (0.09 
0.96 (-0.07) 
0.92 (-0.14) 
0.91 (-0.16) 
0.79 (-0.36) 
0.77 (-0.37) 

v.r. t 
0.95 (-0.96) 
0.91 (-1.19 
0.89 (-1.06) 
0.88 (-0.99 
0.86 (-1.09 
0.87 (-0.86) 
0.89 (-0.69 
0.89 (-0.61) 
0.91 (-0.48) 
0.92 (-0.40) 
0.93 (-0.32) 

0.95 (-0.22) 
0.96 (-0.14) 
0.95 (-0.19) 
0.94 (-0.19) 
0.94 (-0.18) 
0.93 (-0.20) 
0.91 (-0.29 
0.89 (-0.30) 
0.88 (-0.34) 
0.86 (-0.36) 
0.85 (-0.39) 
0.85 (-0.37) 

0.87 (-0.33) 
0.87 (-0.32) 
0.88 (-0.29) 
0.88 (-0.28) 
0.88 (-0.27) 
0.88 (-0.26) 
0.88 (-0.27) 
0.88 (-0.26) 
0.88 (-0.29 
0.88 (-0.29 
0.88 (-0.29 
0.88 (-0.29 

0.88 (-0.29 
0.87 (-0.27) 
0.86 (-0.28) 
0.85 (-0.30) 
0.84 (-0.31) 
0.84 (-0.31) 
0.83 (-0.32) 
0.83 (-0.33) 
0.83 (-0.33) 
0.82 (-0.33) 
0.82 (-0.33) 
0.83 (-0.31) 

0.89 (-0.29) 
0.88 (-0.28) 
0.87 (-0.29) 
0.85 (-0.39) 
0.85 (-0.39) 
0.82 (-0.39) 

v.r. t 
0.95 (-0.89 
0.94 (-0.58) 
0.96 (-0.34) 
0.95 (-0.37) 
0.91 (-0.53) 
0.87 (-0.68) 
0.84 (-0.78) 
0.84 (-0.72) 
0.85 (-0.69 
0.87 (-0.49) 
0.91 (-0.39 

0.97 (-0.11) 
1.02 (0.06) 
1.09 (0.25) 
1.14 (0.35) 
1.17 (0.41) 
1.21 (0.47) 
1.25 (0.54) 
1.29 (0.61) 
1.33 (0.67) 
1.35 (0.70) 
1.36 (0.70) 
1.35 (0.67) 

1.35 (0.66) 
1.35 (0.64) 
1.35 (0.63) 
1.35 (0.62) 
1.36 (0.62) 
1.37 (0.64) 
1.38 (0.64) 
1.38 (0.64) 
1.39 (0.65) 
1.39 (0.64) 
1.39 (0.63) 
1.39 (0.63) 

1.39 (0.63) 
1.40 (0.62) 
1.40 (0.63) 
1.41 (0.64) 
1.43 (0.66) 
1.44 (0.68) 
1.46 (0.71) 
1.49 (0.73) 
1.51 (0.76) 
1.53 (0.79) 
1.54 (0.80) 
1.57 (0.83) 

1.32 (0.61) 
1.34 (0.62) 
1.38 (0.65) 
1.15 (0.38) 
1.15 (0.38) 
1.15 (0.38) 

v.r. t 
0.99 (-0.10) 
1.00 (0.02) 
0.95 (-0.33) 
0.91 (-0.59 
0.86 (-0.76) 
0.79 (-1.09 
0.74 (-1.24) 
0.70 (-1.34) 
0.67 (-1.38) 
0.67 (-1.30) 
0.67 (-1.29 

0.61 (-1.27) 
0.56 (-1.31) 
0.55 (-1.29 
0.56 (-1.13) 
0.58 (-1.04) 
0.59 (-0.98) 
0.60 (-0.93) 
0.62 (-0.86) 
0.62 (-0.82) 
0.63 (-0.79) 
0.64 (-0.74) 
0.64 (-0.73) 

0.64 (-0.71) 
0.64 (-0.71) 
0.64 (-0.70) 
0.64 (-0.68) 
0.64 (-0.67) 
0.65 (-0.69 
0.66 (-0.63) 
0.66 (-0.61) 
0.67 (-0.59) 
0.67 (-0.58) 
0.67 (-0.57) 
0.68 (-0.59 

0.68 (-0.59 
0.68 (-0.59 
0.68 (-0.53) 
0.68 (-0.53) 
0.68 (-0.52) 
0.69 (-0.51) 
0.68 (-0.51) 
0.68 (-0.52) 
0.67 (-0.52) 
0.67 (-0.52) 
0.66 (-0.53) 
0.64 (-0.59 

0.63 (-0.78) 
0.64 (-0.70) 
0.65 (-0.66) 
0.57 (-1.11) 
0.57 (-1.11) 
0.57 (-1.11) 

v.r. t 
1.01 (0.28) 
0.99 (-0.12) 
0.95 (-0.47) 
0.90 (-0.76) 
0.85 (-0.93) 
0.82 (-1.08) 
0.77 (-1.23) 
0.75 (-1.28) 
0.76 (-1.19 
0.78 (-0.99) 
0.80 (-0.87) 

0.76 (-0.91) 
0.74 (-0.90) 
0.73 (-0.89 
0.70 (-0.89) 
0.70 (-0.86) 
0.71 (-0.79) 
0.71 (-0.77) 
0.72 (-0.73) 
0.72 (-0.69) 
0.71 (-0.71) 
0.68 (-0.76) 
0.65 (-0.82) 

0.62 (-0.87) 
0.59 (-0.90) 
0.57 (-0.93) 
0.57 (-0.93) 
0.56 (-0.93) 
0.56 (-0.93) 
0.55 (-0.92) 
0.54 (-0.93) 
0.54 (-0.93) 
0.53 (-0.93) 
0.53 (-0.92) 
0.53 (-0.91) 

0.53 (-0.90) 
0.53 (-0.89) 
0.53 (-0.89) 
0.53 (-0.88) 
0.53 (-0.87) 
0.53 (-0.87) 
0.52 (-0.86) 
0.52 (-0.86) 
0.52 (-0.89 
0.52 (-0.84) 
0.52 (-0.84) 
0.52 (-0.84) 

0.64 (-0.84) 
0.60 (-0.86) 
0.58 (-0.86) 
0.54 (-0.93) 
0.53 (-0.93) 
0.52 (-0.93) 

v.r. 
0.99 
0.93 
0.82 
0.77 
0.77 
0.77 
0.74 
0.72 
0.72 
0.73 
0.74 

0.69 ( 
0.67 
0.651 
0.63 ( 
0.641 
0.65 ( 
0.68 ( 
0.71 ( 
0.73 ( 
0.73 ( 
0.73 ( 
0.72 ( 

0.70 ( 
0.67 ( 
0.64 ( 
0.62 ( 
0.61 ( 
0.60 ( 
0.60 < 
0.59 ( 
0.58 < 
0.55 ( 
0.53( 
0.511 

0.481 
0.471 
0.471 
0.471 
0.46 1 
0.451 
0.45 ( 
0.441 
0.43 ( 
0.431 
0.42 ( 
0.421 

0.661 
0.611 
0.57 ( 
0.591 
0.471 
0.421 

t 
(-0.16) 
(-0.87) 
(-1.64) 
(-181) 
(-1.67) 
(-1.54) 
(-1.60) 
(-1.69 
(-159 
(-1.42) 
(-1.32) 

(-1.38) 
(-136) 
(-1.39 
(-133) 
(-1.24) 
-1.14) 
.1.01) 
-0.87) 
-0.78) 
-0.76) 
-0.79 
.-0.74) 
r-0.77) 
(-0.83) 
-0.89) 
(-0.91) 
(-0.92) 
(-0.92) 
-0.91) 
-0.92) 
-0.92) 
(-0.96) 
(-0.99) 
(-102) 

(-1.06) 
(-109 
(-1.09 
(-1.04) 
(-1.03) 
(-1.03) 
(-1.03) 
(-1.03) 
(-1.03) 
(-1.02) 
(-1.02) 
(-102) 

(-0.91) 
(-0.94) 
(-0.96) 
(-1.31) 
(-1.31) 
(-1.31) 

v.r. t 
1.02 (0.29) 
0.97 (-0.26) 
0.86 (-1.03) 
0.77 (-1.45) 
0.71 (-1.70) 
0.64 (-1.97) 
0.59 (-2.13) 
0.59 (-1.97) 
0.64 (-1.62) 
0.67 (-1.39) 
0.65 (-1.35) 

0.60 (-1.33) 
0.58 (-1.26) 
0.58 (-1.19 
0.58 (-1.08) 
0.59 (-1.00) 
0.60 (-0.95) 
0.61 (-0.89) 
0.62 (-0.89 
0.61 (-0.84) 
0.61 (-0.83) 
0.60 (-0.84) 
0.59 (-0.84) 

0.58 (-0.84) 
0.57 (-0.85) 
0.56 (-0.85) 
0.54 (-0.87) 
0.53 (-0.89) 
0.52 (-0.90) 
0.50 (-0.91) 
0.50 (-0.91) 
0.49 (-0.92) 
0.48 (-0.92) 
0.48 (-0.92) 
0.47 (-0.91) 

0.47 (-0.91) 
0.47 (-0.90) 
0.48 (-0.88) 
0.48 (-0.87) 
0.48 (-0.86) 
0.49 (-0.89 
0.49 (-0.84) 
0.49 (-0.83) 
0.49 (-0.82) 
0.49 (-0.81) 
0.49 (-0.81) 
0.48 (-0.82) 

0.57 (-0.88) 
0.54 (-0.89) 
0.53 (-0.87) 
0.50 (-1.06) 
0.47 (-1.06) 
0.47 (-1.06) 

Monthly excess return is the difference between monthly nominal return and t-bill rate for the month. ASi is the ith annually adjusted size ranked portfolio. 
The annually adjusted size portfolios are farmed by evenly dividing the NYSE/AMEX stocks into 25 groups according to the size (madcet equity) ranks of 
these individual stocks at the end of June of each year. MAS is the maxket portfolio consisting of the stocks in the 25 portfolios.... (continued on next page) 

169 



Table 4.10 (continued) 

Q AS10 ASH AS12 AS13 ASH AS15 AS16 AS17 AS18 

v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t 
2 0.94 (-0.69) 1.04(0.35) 0.95 (-0.56) 0.95 (-0.54) 1.06(0.75) 0.95 (-0.43) 1.09(0.98) 1.00 (-0.08) 1.04(0.50) 
3 0.92 (-0.69 0.98 (-0.17) 0.93 (-0.61) 0.88 (-0.99) 1.09(0.79) 0.86 (-0.86) 1.08(0.64) 0.98 (-0.18) 1.02(0.22) 
4 0.86 (-0.98) 0.87 (-0.78) 0.90 (-0.69 0.86 (-0.99 1.04(0.29) 0.74 (-1.38) 1.07(0.51) 0.94 (-0.56) 1.00 (-0.01) 
5 0.85 (-0.97) 0.79 (-1.10) 0.89 (-0.63) 0.87 (-0.80) 1.00 (-0.03) 0.66 (-1.62) 1.08(0.51) 0.93 (-0.57) 0.97 (-0.19) 
6 0.84 (-0.96) 0.73 (-1.33) 0.90 (-0.56) 0.88 (-0.74) 0.95 (-0.30) 0.62 (-1.72) 1.07(0.42) 0.92 (-0.57) 0.92(0.51) 
7 0.81 (-1.09 0.70 (-1.39) 0.92 (-0.42) 0.90 (-0.59 0.92 (-0.42) 0.59 (-1.79 1.07(0.40) 0.91 (-0.59) 0.88 (-0.74) 
8 0.78 (-1.14) 0.69 (-1.38) 0.90 (-0.46) 0.92 (-0.40) 0.92 (-0.44) 0.56 (-1.81) 1.08(0.41) 0.89 (-0.66) 0.86 (-0.79) 
9 0.77 (-1.12) 0.68 (-1.36) 0.90 (-0.44) 0.93 (-0.38) 0.91 (-0.49 0.51 (-1.93) 1.07(0.32) 0.86 (-0.80) 0.86 (-0.76) 
10 0.75 (-1.17) 0.67 (-1.33) 0.92 (-0.34) 0.93 (-0.32) 0.93 (-0.33) 0.48 (-1.99 1.05(0.23) 0.84 (-0.84) 0.90 (-0.52) 
11 0.73 (-1.23) 0.69 (-1.21) 0.93 (-0.29) 0.94 (-0.28) 0.94 (-0.27) 0.48 (-1.86) 1.06(0.26) 0.84 (-0.84) 0.95(0.26) 
12 0.69 (-1.33) 0.70 (-1.13) 0.93 (-0.27) 0.96 (-0.19) 0.95 (-0.24) 0.49 (-1.72) 1.07(0.31) 0.84 (-0.78) 0.98 (-0.09) 

15 0 66 (-1.32) 0.71 (-0.99) 0.91 (-0.31) 1.02(0.09) 0.94 (-0.24) 0.47 (-1.60) 1.10(0.40) 0.87 (-0.56) 0.97(0.10) 
18 0 62(-1.39 0.72(-0.90) 0.90(-0.32) 1.05(0.20) 0.92(-0.28) 0.42(-1.58) 1.07(0.24) 0.90(-0.40) 0.95(0.18) 
21 0 61 (-1.29) 0.73 (-0.83) 0.89 (-0.33) 1.08(0.29) 0.91 (-0.29) 0.40 (-1.52) 1.02(0.06) 0.89 (-0.39) 0.95 (-0.16) 
24 0 62 (-121) 0.74 (-0.77) 0.91 (-0.27) 1.11(0.38) 0.92 (-0.29 0.39 (-1.48) l.OO(-O.Ol) 0.89 (-0.38) 0.94 (-0.20) 
27 0 62 (-1.19 0.73 (-0.77) 0.92 (-0.21) 1.13(0.43) 0.90 (-0.28) 0.39 (-1.42) 0.99 (-0.02) 0.91 (-0.31) 0.95 (-0.19 
30 0 61 (-113) 0.73 (-0.73) 0.92 (-0.20) 1.14(0.45) 0.86 (-0.39) 0.39 (-1.36) 0.97 (-0.09) 0.93 (-0.24) 0.97(0.10) 
33 0 60 (-110) 0.73 (-0.71) 0.93 (-0.18) 1.13(0.42) 0.80(0.53) 0.39 (-1.32) 0.96 (-0.12) 0.95 (-0.14) 0.98(0.04) 
36 0 59 (-109) 0.72 (-0.74) 0.93 (-0.17) 1.13(0.40) 0.71 (-0.74) 0.39 (-1.29) 0.95 (-0.13) 0.99 (-0.03) 1.00 (-0.01) 
39 0 58 (-109) 0.72 (-0.72) 0.95 (-0.12) 1.12(0.36) 0.65 (-0.87) 0.39 (-1.26) 0.95 (-0.13) 1.04(0.12) 0.99 (-0.02) 
42 0 58 (-107) 0.72 (-0.71) 0.95 (-0.12) 1.11(0.32) 0.60 (-0.98) 0.39 (-1.24) 0.94 (-0.19 108(0.22) 0.98 (-0.06) 
45 0 58 (-104) 0.71 (-0.72) 0.93 (-0.16) 1.09(0.26) 0.57 (-1.02) 0.39 (-1.21) 0.93 (-0.19) 1.11(0.29) 0.95 (-0.11) 
48 0.58 (-L01) 0.70 (-0.72) 0.91 (-0.19) 1.07(0.21) 0.54 (-1.09 0.39 (-1.20) 0.90 (-0.29 1.13(0.34) 0.92 (-0.19) 

51 0.58 (-0.99) 0.70 (-0.72) 0.88 (-0.29 1.06(0.17) 0.52 (-1.07) 0.38 (-1.19) 0.88 (-0.31) 114(0.36) 0.89 (-0.27) 
54 0 57-100 0.68-0.73) 0.86 (-0.30) 1.05(0.13) 0.50 (-1.08) 0.38 (-1.18) 0.85 (-0.37) 1.15(0.37) 0.86-0.33) 
57 0̂ 56 -0.99) 0.68 (-0.74) 0.86 (-0.30) 1.03(0.07) 0.50 (-1.07) 0.38 (-1.17) 0.81 (-0.46) UJ (0.35) 0.84-0.37) 
60 056-098 067-074 0.87 (-0.28) 1.00(0.00) 0.49 (-1.07) 0.37 (-1.17) 0.77 (-0.54) 1.15(0.35) 0.81(0.42) 
63 0 5 5 $ $ a 6 6 $ 7 4 0.86-0.27^ 0.98 (-0.09 0.50 (-1.04) 0.36 (-1.17) 0.74 (-0.61) 1.16(0.37) 0.78 (-0.49) 
66 0 5 5 - 0 9 6 0 6 6 - 0 7 9 0.86 - O ^ 0.97 (-0.08) 0.50(-1.00) 0.35 (-1.18) 0.70(-0.68) 1.17(0.39) 0.75(0.59 
69 0 55-099 065-074 0 87-0.26 0.96-0.10) 0.50 (-0.98) 0.34 (-1.19) 0.67 (-0.79 1-18(0.41) 0.71 (-0.62) 
72 055 $ 9 4 ) 065-074 0 87-0.29 0.94-0.14 0.50(-0.99) 0.33 (-1.19) 0.65 (-0.79) 1.19(0.43) 0.68 (-0.68) 
75 0 55-093 0 65-0.74 0 88-0.23 0.93-0.16) 0.48 (-0.99) 0.32 (-1.20) 0.62 (-0.83) 1.21(0.48) 0.65 (-0.74) 
78 0 55-092 0 64-074 0.89-0.21 0.92(0.18) 0.48 (-1.00) 0.32 (-1.19) 0.60 (-0.86) 1.23(0.51) 0.61 (-0.81) 
81 0 55 090 0 63-076 0 91-0.17^ 0.91-0.21 0.47 (-0.99) 0.31 (-1.19) 0.58 (-0.91) 1.23(0.50) 0.58 (-0.89 
l\ a 5 5 $ . $ 0^1 (-0.79) a92$.14) 0.90 i W ) 0.45 (-1.01) 0.31 (-1.19) 0.56 (-0.94) 1.21(0.46) 0.57 (-0.88) 

87 0 56^0 86) 0 60 (-0 80) 0 93 (-0.12) 0.89 (-0.24) 0.45 (-1.01) 0.31 (-1.18) 0.55 (-0.99 U 9 (0.41) 0.55(0.90) 
?0 o S $ 8 * 0 59 $ 8 1 0 94-0 0) 0.88-0.29 0.43 (-1.03) 0.30 (-1.18) 0.54 (-0.%) 1.18(0.39) 0.55 (-0.90) 
9? o S $ S 0 58 $ 8 3 0 95 $ 0 8 0.87-0.27^ 0.41 (-1.09 0.30(-1.17) 0.53 (-0.97) 1.17(0.35) 0.54 (-0.90) 
96 0 57 $ 8 2 o S - 0 84 0 95 $.08 0.86-0.29 0.39 (-1.06) 0.30 (-1.17) 0.53 (-0.97) 1.17(0.34) 0.54 (-0.90) 
It n S r o I n 0 55-0 85) 0 95 $ 0 9 0.86-0.30) 0.38 (-1.07) 0.30(-1.19 0.52(-0.96) 1.17(0.34) 0.54 (-0.89) 
?m o S $ 7 J 0 54 $ 8 6 ) 0 94 -010 0 85-0.30 0.37-1.07) 0.30 (-1.14) 0.52 (-0.97) 1.17(0.34) 0.53 (-0.89) 

™ o S $ 7 8 S s J f o S 0 9 3 $ 11 0.84-0.32 0.37 (-1.06) 0.30(-1.13) 0.51 (-0.97) 1.16(0.33) 0.53 (-0.89) 
ol o 5 $ ™ 0 53 o S 0 93 - 0 2 0.84-0.32 0.38 (-1.03) 0.30 (-1.12) 0.51 (-0.97) 1.16(0.31) 0.53 (-0.89) 
n J U S ' S 0 52 0 89 0 9 2 $ 1 3 0.84-0.33 0.39 (-1.01) 0.31 (-1.10) 0.51 (-0.97) 1.15(0.30) 0.53 (-0.87) 
1 o 1 5 $ 7 ? ) CM $ 9 0 ) 0 93 -0 2 0.84-0.33 0.39 (-0.99) 0.31 (-1.09) 0.50(-0.97) 1.15(0.29) 0.55 (-0.84) 
7 o 2 $ 7 » 0 5 ^ $ $ 0 93 $ 2 0.83-0.33 0.41 (-0.99 0.32 (-1.07) 0.50 (-0.97) 1.14(0.27) 0.56 (-0.81) 

120 o S $ 6 9 ) O . S $ 9 9 aS(-0.13) 0.83(-0.33) 0.43 (-0.91) 0.33(-1.09 0.49(-0.96) 1.13(0.24) 0.57 (-0.77) 

A W n « M 0 1 ) 070^073) 090(-022) 1.06(0.19) 0.61 (-0.87) 0.38(-1.24) 0.86(-0.33) 1.08(0.19) 0.88 (-0.26) 
i*™ o S i o l 0 6 ? $ 7 9 0 91 (-020 .01 0.05 0.56 (-0.92) 0.35 (-1.22) 0.76 (-0.53) 1.12(0.27) 0.78 (-0.46) 
AV? o S $ 9 ? 0 63 $ 7 8 ) 0 9 - 0 1 8 0 9M-0.04) 0.52-0.94) 0.34 (-1.19) 0.70(-0.64) 1.13(0.28) 0.72 (-0.56) 
£k f S f t S 0 o 5 $ 7 7 ) 086-0 30 0 94-0.14 0.49 (-1.08) 0.33 (-1.46) 0.65 (-0.79) 0.90 (-0.39 0.68 (-0.68) 
%£L J 2 * " 2 o 1 o $ 8 ? ) 0 86-030) 0 86-0.29 0.39-1.08) 0.30(-1.46) 0.53 (-0.97) 0.90(-0.39 0.54 (-0.90) 
M ^ i S f r u S 0.4l$:93) £ S ( - S S 0:83(-0.33) 0.37 (-1.08) 0.30 (-1.46) 0.49 (-0.97) 0.90 (-0.39 0-53 (-0.90) 

Q i, ther^horizc«r^from2mc«mstol20m^ Variance ratio, are those in the column denoted by -V*- Number, inside P««the«.m the 
i Tr.i...h.ni.iti.v.1uen/ > / value is neater than 1.96, the variance ratio is signincantly different from 

" ^ t f r ^ l T ^ V ? ^ ' valu«)forthe 
one at the 5 percent level. AVS. AVM, and AVL are " P " * ^ ™"™™~ , ̂ ween 25 months and 120 month.. MNS. MNM. and MNL are 
horizons between 25 months and 72 months, between 25 months and 96 months, and betweenin monins ano ia' ™=™ • ̂ ^ ^ ^ 
iMuua». _ ~ _ _ » vahiMt for the horizons between 25 months and 72 months, between ZJ months 

4.2ofthis<h»ert«uon). Varunceratio t va luer based on equ*ion (B.19) of this dissertation, which is developed by Lo and... (contmued on next page) 
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Table 4.10 (continued) 
AS19 AS20 AS21 AS22 AS23 AS24 AS25 

v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t 
2 1.06(0.89 1.12(1.33) 1.10(1.00) 0.99 (-0.19 1.19(1.41) 1.20(1.41) 121(168) 
3 1.07(0.68) 1.17(1.37) 1.12(0.90) 0.95 (-0.64) 1.24 1.36 1.29 1.52 "S 155) 
4 1.05(0.39) 1.18(1.23) 1.10(0.63) 0.95 (-0.52) 1.17 0.82 1.27 1.21 2 103 
5 0.99 (-0.09 1.16(1.01) 1.06(0.34) 0.94 (-0.51) 1.11(0.47) 1.23 0.94 116 074 
6 0.91 (-0.55) 1.12(0.69) 1.01(0.04) 0.88 (-0.81) 1.04(0.15) 1.16 0.62 112 051 
7 0.81 (-0.97) 1.08(0.44) 0.97 (-0.14) 0.86 (-0.86) 0.97 (-0.12) 1.09 0.34 107 029 
8 0.76 (-1.12) 1.06(0.30) 0.95 (-0.26) 0.84 (-0.91) 0.91 (-0.33) 1.06(0.19) 104 0 16 
9 0.75 (-1.07) 1.07(0.32) 0.94 (-0.26) 0.81 (-0.98) 0.88 (-0.44) 1.04(0.13) 103 010 
10 0.77 (-0.93) 1.11(0.48) 0.97 (-0.13) 0.83 (-0.82) 0.90 (-0.33) 1.07(0.22) 106(020 
11 0.81 (-0.72) 1.14(0.58) l.OO(-O.Ol) 0.85 (-0.67) 0.95 (-0.16) 1.11(0.33) 1.10(031 
12 0.84 (-0.56) 1.17(0.67) 1.03(0.12) 0.87 (-0.54) 1.00 (-0.01) 1.14(0.41) 1.12(0.36) 

15 0.86 (-0.41) 1.18(0.64) 1.05(0.16) 0.84(0.56) 0.93 (-0.19) 1.13(0.32) 1.08(022) 
18 0.85 (-0.41) 1.18(0.56) 1.05(0.13) 0.82 (-0.56) 0.86 (-0.33) 1.12(0.29) 1.06(015) 
21 0.89 (-0.28) 1.17(0.49) 1.07(0.20) 0.83 (-0.49) 0.85 (-0.32) 1.13(0.29) 1.06(015) 
24 0.91 (-0.22) 1.15(0.42) 1.08(0.19) 0.83(0.46) 0.84 (-0.32) 1.14(0.30) 1.09(020) 
27 0.92 (-0.19) 1.16(0.45) 1.10(0.25) 0.83 (-0.49 0.83 (-0.33) 1.16(0.34) 1.11(0.23) 
30 0.93 (-0.14) 1.19(0.50) 1.13(0.31) 0.83 (-0.43) 0.83 (-0.31) 1.19(0.39) 1.13(0.28) 
33 0.96(-0.09) 1.22(0.56) 1.16(0.37) 0.83(0.42) 0.81 (-0.39 1.22(0.44) 1.15(0.30) 
36 0.96(-0.09) 1.26(0.64) 1.21(0.46) 0.81(0.49 0.78(0.38) 1.25(0.49) 1.17(0.33) 
39 0.97 (-0.07) 1.30(0.74) 1.26(0.56) 0.81(0.49 0.77 (-0.39) 1.27(0.53) 1.18(0.36) 
42 0.98 (-0.03) 1.33(0.80) 1.29(0.62) 0.80(0.46) 0.76 (-0.40) 1.30(0.58) 1.20(0.38) 
45 1.00 (-0.01) 1.34(0.79) 1.32(0.67) 0.79 (-0.48) 0.76 (-0.40) 1.33(0.63) 1.21(0.39) 
48 1.01(0.01) 1.32(0.74) 1.33(0.67) 0.78 (-0.48) 0.76 (-0.39) 1.36(0.67) 1.22(0.41) 

51 1.02(0.04) 1.30(0.68) 1.34(0.67) 0.78(0.49) 0.77(-0.38) 1.39(0.73) 1.24(0.43) 
54 1.04(0.07) 1.27(0.61) 1.34(0.67) 0.76(0.51) 0.76(-0.38) 1.42(0.76) 1.24(0.43) 
57 1.04(0.07) 1.26(0.57) 1.34(0.67) 0.74 (-0.54) 0.75 (-0.39) 1.44(0.79) 1.23(0.42) 
60 1.04(0.08) 1.25(0.54) 1.34(0.65) 0.73 (-0.58) 0.74 (-0.41) 1.46(0.82) 1.22(0.39) 
63 1.05(0.09) 1.24(0.52) 1.34(0.69 0.72 (-0.58) 0.73 (-0.42) 1.49(0.87) 1.22(0.39) 
66 1.05(0.09) 1.25(0.52) 1.34(0.64) 0.72 (-0.57) 0.74 (-0.41) 1.51(0.91) 1.22(0.39) 
69 1.05(0.08) 1.25(0.52) 1.34(0.63) 0.73 (-0.59 0.75 (-0.39) 1.55(0.96) 1.23(0.39) 
72 1.04(0.06) 1.25(0.52) 1.34(0.63) 0.74 (-0.53) 0.76 (-0.37) 1.57(0.99) 1.23(0.40) 
75 1.03 (0.09 126 (0.54) 1.35 (0.64) 0.74 (-0.51) 0.77 (-0.39 159 (1.03) 1.23 (0.40) 
78 1.02(0.03) 1.27(0.59 1.35(0.63) 0.75 (-0.49) 0.77 (-0.34) 1.62(1.07) 1.23(0.40) 
81 1.00(0.00) 1.27(0.55) 1.35(0.62) 0.76 (-0.48) 0.78 (-0.33) 1.65(1.11) 1.23(0.39) 
84 0.98 (-0.03) 1.27(0.59 135(0.62) 0.76 (-0.46) 0.78 (-0.33) 1.67(1.13) 1.23(0.38) 

87 0.97(0.09 1.28(0.56) 1.35(0.62) 0.76(-0.46) 0.78(-0.33) 1.68(1.16) 1.22(0.37) 
90 0.96 (-0.07) 1.28(0.56) 1.35(0.62) 0.76 (-0.46) 0.77 (-0.33) 1.70(1.17) 1.21(0.34) 
93 0.95 (-0.08) 1.29(0.56) 1.35(0.61) 0.75 (-0.48) 0.77 (-0.34) 1.71(1.19) 1.20(0.33) 
96 0.93 (-0.10) 1.29(0.56) 1.34(0.59) 0.74 (-0.49) 0.75 (-0.36) 1.72(1.19) 1.19(0.30) 
99 0.93 (-0.11) 1.28(0.55) 1.34(0.59) 0.73 (-0.51) 0.74 (-0.38) 1.72(1.20) 1.18(0.29) 
102 0.91 (-0.13) 1.27(0.52) 1.34(0.57) 0.72 (-0.51) 0.72 (-0.40) 1.73(1.20) 1.17(0.27) 
105 0.89 (-0.16) 1.26(0.49) 1.33(0.57) 0.72 (-0.53) 0.70 (-0.42) 1.73(1.19) 1.15(0.25) 
108 0.87 (-0.19) 1.24(0.46) 1.33(0.56) 0.70 (-0.59 0.69 (-0.44) 1.74(1.20) 1.14(0.23) 
111 0.86(-0.21) 1.24(0.44) 1.34(0.56) 0.69(-0.56) 0.68(-0.49 1.74(1.20) 1.14(0.22) 
114 0.83 (-0.24) 1.23(0.43) 1.34(0.57) 0.69 (-0.57) 0.67 (-0.46) 1.75(1.21) 1.13(0.21) 
117 0.81 (-0.28) 1.23(0.43) 1.34(0.57) 0.67(-0.60) 0.66(0.48) 1.76(1.21) 1.13(0.20) 
120 0.79 (-0.31) 1.23 (0.42) 1.35(0.57) 0.65 (-0.62) 0.64 (-0.50) 1.77(1.22) 1.11(0.18) 

AVS 1.00(-0.01) 1.26 (0.60) 1.28(0.56) 0.78(0.50) 0.77(-0.38) 1.36(0.67) 1.20(0.37) 
AVM 1.00 (-0.01) 1.26(0.59) 1.30(0.58) 0.77 (-0.49) 0.77 (-0.37) 1.46(0.82) 1.20(0.37) 
AVL 0.96 (-0.06) 1.26(056) 1.31(058) 0.75 (-0.51) 0.75 (-0.38) 1.53(0.91) 1.19(0.33) 
MNS 0.91 (-0.20) 1.15(042) 1.08(0.21) 0.72(-0.58) 0.73(0.42) 1.14(0.31) 1.09(0.20) 
MNM 0.91 (-0.20) 1.15(0.42) 1.08(0.21) 0.72 (-0.58) 0.73 (-0.42) 1.14(0.31) 1.09(0.20) 
MNL 0.79(-0.31) 1.15(0.42) 1.08(0.21) 0.65(0.62) 0.64 (-0.50) 1.14(0.31) 1.09(0.18) 

MacKinlay (1988) under the assumption that random variables of interest are serially uncorrelated and hetcroscedastically distributed. Residual return, « u M , 

formonth / + 1 is obtained by running the cross sectional regression: MNRUlH- RFtH =y0j +7u*u + <u+i . , = 1 25 . (MNR^,^ -RFlH) is 

portfolio r* excess return for month ( + 1 . b^ is obtained through the OLS time series regression: ANRij=au+bilANRMj+«Uj. ; = f -59 , - - , f . 

ANRj and ANRMj «m nfumivriy th*. «imiiiiT«< nmmui ts»ftim« m««nrwri at th« mA of mnnth j , of portfolio 1 and the market portfolio consisting of 

aU the stocks and in the 25 AS portfolios. The annual nominal return measured at the end of month j is obtaiiied by compounding the 12 monthly nominal 

returns pmrwting the beginning of month j + l. 
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variance ratios at long horizons, particularly between 25 months and 96 months. None of 

the smaUer-than-one variance ratios at long horizons is significantly different from one at 

the 5 percent level. However, some residual returns series appear to have more significant 

statistical implications of stationary price components (in terms of variance ratios and / 

values) than their corresponding excess return series. A sign test is used to examine 

whether there is a decrease in the importance of stationary price components between 

residual returns and their corresponding excess returns. A sign test statistic based on the 

minimum variance ratio t value for the horizons between 25 months and 96 months is 15, 

while the one (five) percent critical value for a sample size of 25 is 19 (18). The sign test 

statistics based on the other 11 measures of importance of stationary price components 

range from 13 to 16. These results cannot reject the hypothesis that there is no significant 

decrease in the importance of statistical implications of stationary price components 

between residual returns and their corresponding excess returns. Therefore, CAPM does 

not do a good job in explaining the mean reversion phenomenon in stock returns. 

In summary, about one third of the 25 annually adjusted size portfolios have some 

significant autocorrelation in their excess returns (at the 5 percent level). This is the case 

particularly for low size-rank annually adjusted portfolios. The significant variance ratios 

are all greater than one and happen at only short horizons (within 3 months). On the other 

hand, all of the 25 annually adjusted size portfolios have smaller-than-one variance ratios 

at long horizons, particularly between 25 months and 96 months. However, none of the 

smaUer-than-one variance ratios is significantly different from one at the 5 percent level. 

The Spearman rank correlation test indicates that there is a linear association between the 

size rank of a portfoUo and the importance of the portfoUo's stationary price components 

in the sense that the importance of stationary price components appears to increase with 

the size rank. Furthermore, the importance of stationary price components is quite 

different across the 25 annually adjusted size portfoUos and the market portfoUo does not 

have stronger statistical impUcations of stationary price components than the 25 annuaUy 

adjusted size portfoUos. These results indicate that the importance of stationary price 

components may be different across individual stocks and the market portfoUo may 
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disguise the statistical implication of stationary components in individual stock prices. It 

was argued that since the annual adjustment size portfolio formation approach is likely to 

mitigate the statistical implication of stationary price components, the importance of 

stationary price components across the 25 annually adjusted size portfolios may be 

underestimated. In addition, previous literature indicates that there is difficulty involved in 

statistically detecting the stationary component in stock prices, if any exists. Therefore, 

although there is no direct and significant evidence (at the 5 percent level) indicating the 

existence of stationary price components for the 25 annuaUy adjusted size portfoUos, the 

result at least indicates that there is a tendency for stock returns to revert to their mean. 

On the other hand, expected excess returns generated by CAPM have a sirrrilar mean 

reverting structure to their corresponding excess returns, while there is no significant 

decrease in the importance of mean reverting structures between residual returns 

generated by CAPM and their corresponding excess returns. This indicates that the mean 

reverting structure in excess returns cannot be fully explained by CAPM. That is, the 

results suggest that given the correctness of the pricing model, there is conditional mean 

reversion in stock returns. 

4.2.1.2 Variance Ratio Test Results for the 
Crawl Forward Size PortfoUos 

Table 4.11 presents variance ratio test results for excess returns of the 25 June-

1935 crawl forward size portfolios, denoted by CAl - CA25 and formed by evenly dividing 

the NYSE stocks existing at the end of June 1935 into 25 groups according to the 

historical average size measure (see equation 3.19 of this dissertation) ranks of the 

individual stocks at the end of June 1935, for the sample period from June 1941 to 

December 1996. Note that annualizing monthly excess returns and using a 5-year moving 

window for estimating portfoUo betas consumes 71 monthly observations. About one-

third of the 25 CA portfoUos (9 out of the 25) have some variance ratios significantly 

different from one at the 5 percent significance level. Since these portfolios with 

significant variance ratios scatter aU over the 25 CA portfoUos, there is no exact linkage 

between significant autocorrelation in excess returns and the size rank of a CA portfolio. 
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However, aU the significant variance ratios are greater than one. Unlike the significant 

variance ratios for the 25 annuaUy adjusted size portfolios in Table 4.7, the significant 

variance ratios in Table 4.11 happen at both short and long horizons.122 On the other 

hand, about three fourths of the 25 CA portfoUos (18 out of the 25) have variance ratios 

smaller than one at long horizons, particularly between 25 months and 96 months. 

However, none of the smaUer-than-one variance ratios is significant at the 5 percent level. 

Nevertheless, portfolio CA9 has smaUer-than-one variance ratios significantly different 

from one at the 16 percent level and portfolio CAl 6 has smaUer-than-one variance ratios 

significantly different from one at the 14 percent level. Variance ratios for excess returns 

of the CA portfolios with smaUer-than-one variance ratios tend to exhibit a U-shaped 

curve within the 10-year horizon. Just as with CA portfoUos with significant 

autocorrelation, CA portfolios with smaUer-than-one variance ratios in their excess 

returns at long horizons scatter all over the 25 size ranks. That is, there appears to be no 

linear Unkage between the importance of the smaUer-than-one variance ratios (in terms of 

variance ratios and their t values) and the size rank. In particular, the 12 Spearman rank 

correlation coefficients between the size rank of a portfoUo and the importance of the 

portfoUo's stationary price components range from -0.17 to -0.43, which all faU within the 

critical values -0.51 and 0.51. Note also that value-weighted excess returns of the index 

(market) portfoUo, MCA, which consists of all the NYSE stocks in the 25 crawl forward 

size portfoUos, are not significantly autocorrelated (at the 5 percent level). However, just 

as with most of the 25 CA portfoUos, their variance ratios become smaUer than one at 

long horizons and exhibit a U-shaped pattern. 

Table 4.12 reports variance ratio test results for excess returns of the 25 June-1945 

crawl forward size portfoUos, denoted by CBl - CB25 and formed by evenly dividing the 

NYSE stocks existing at the end of June 1945 into 25 groups according to the historical 

average size measure (see equation 3.19 of this dissertation) ranks of the individual stocks 

122 In general, any time period longer than one year may be caUed a long-term 
period However, as previously mentioned, "long horizons" is specificaUy referred to for 
the periods longer than 2 years in this dissertation. 
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at the end of June 1945, for the sample period from June 1951 to December 1996. Only 5 

of the 25 CB portfoUos have significantly autocorrelated excess returns. The CB 

portfolios with significant variance ratios scatter aU over the place so that there is no 

obvious relationship between significant autocorrelation in a CB portfolio's excess returns 

and the portfoUo's size rank. The significant variance ratios occur at both short and long 

horizons. Like the results in Table 4.11, the significant variance ratios are greater than 

one. About 22 of the 25 CB portfolios have smaUer-than-one variance ratios for their 

excess returns at long horizons, particularly between 25 months and 96 months. 

Moreover, variance ratios for most of the CB portfoUos with smaUer-than-one variance 

ratios exhibit a U-shaped curve within the 10-year horizon. Like the variance ratios for 

the 25 CA portfolios in Table 4.11, none of the smaUer-than-one variance ratios in Table 

4.12 are significantly different from one at the 5 percent significance level. However, 

these smaUer-than-one variance ratios for excess returns of the 25 CB portfolios are even 

smaUer than those for excess returns of the 25 CA portfoUos and t values for the smaUer-

than-one variance ratios in Table 4.12 are greater in absolute values than those for the 

smaUer-than-one variance ratios in Table 4.11. Four of the 25 CB portfoUos have 

variance ratio t values significant within the 20 percent significance level. In particular, 

portfoUos CB3 and CBll have smaUer-than-one variance ratios that are significantly 

different from one within the 13 percent significance level. The 12 Spearman rank 

correlation coefficients range from -0.30 to -0.53. In particular, only one of the 12 

coefficients is significantly different from zero at the one percent level. Therefore, there is 

no linear association between the size rank of a CB portfoUo and the importance of the 

portfoUo's stationary price components. Like the excess returns of the MCA portfolio in 

Table 4.11, the excess returns of the market (MCB) portfoUo consisting of all the stocks 

in the 25 CB portfoUos are not significantly autocorrelated at the 5 percent significance 

level, but have smaUer-than-one variance ratios at long horizons, particularly between 25 

months and 96 months, and the variance ratios for excess returns of the MCB portfoUo 

exhibit a U-shaped curve. 

175 



Table 4.13 reports variance ratio test results for excess returns of the 25 June-1955 

crawl forward size portfolios, denoted by CC1 - CC25 and formed by evenly dividing the 

NYSE stocks existing at the end of June 1955 into 25 groups according to the historical 

average size measure (see equation 3.19 of this dissertation) ranks of the individual stocks 

at the end of June 1955, for the sample period from June 1961 to December 1996. Only 5 

of the 25 CC portfoUos have significantly autocorrelated excess returns at the 5 percent 

significance level. Sirrrilar to the significant variance ratios for CA and CB portfoUos, 

these significant variance ratios are aU greater than one and occur at both short and long 

horizons. AU the 25 CC portfolios have smaUer-than-one variance ratios in their excess 

returns at long horizons, particularly between 25 months and 96 months. Furthermore, 

variance ratios for the CC portfolios with smaUer-than-one variance ratios tend to exhibit 

a U-shaped curve within the 10-year horizon. These smaUer-than-one variance ratios are 

not significantly different from one at the 5 percent significance level. However, near half 

of the 25 CC portfoUos (12 out of the 25) have smaUer-than-one variance ratios that are 

significantly different from one around or within the 20 percent significance level; 

particularly, portfolio CC20 has smaUer-than-one variance ratios significantly different 

from one at the 11 percent level. Compared with the smaUer-than-one variance ratios at 

horizons between 25 months and 96 months in Tables 4.11 and 4.12, the smaUer-than-one 

variance ratios at horizons between 25 months and 96 months in Table 4.13 are smaUer 

and their t values are greater in absolute values. The 12 Spearman rank correlation 

coefficients range from -0.33 to 0.18. Therefore, there is no linear relationship between 

the size rank of a CC portfoUo and the importance of the portfoUo's stationary price 

components. Variance ratios for excess returns of the A/CC portfolio consisting of all the 

NYSE stocks in the 25 CC portfoUos turn smaUer-than-one at long horizons and exhibit a 

U-shaped curve. Moreover, compared with smaUer-than-one variance ratios at horizons 

between 25 months and 96 months for the MCA and MCB portfoUos, smaUer-than-one 

variance ratios at horizons between 25 months and 96 months for A/CC portfoUos is 

smaUer but have greater t values in absolute values. 
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Table 4.14 reports variance ratio test results for excess returns of the 25 June-1965 

crawl forward size portfolios, denoted by CDI-CD25 and formed by evenly dividing the 

NYSE and AMEX stocks existing at the end of June 1965 into 25 groups according to the 

historical average size measure (see equation 3.19 of this dissertation) ranks of the 

individual stocks at the end of June 1965, for the period from June 1971 to December 

1996. It can be seen from Table 4.14 that eight of the 25 CD portfolios have variance 

ratios significantly different from one; in particular, small (i.e., low ranked) CD portfolios 

(specificaUy, the first six of the 25 CD portfoUos) tend to have significantly autocorrelated 

excess returns (at the 5 percent significance level). These significant variance ratios are 

greater than one and occur at horizons up to 23 months. Table 4.14 also reveals that most 

of the 25 CD portfoUos ( 23 out of the 25) have smaUer-than-one variance ratios at long 

horizons, particularly between 25 months and 96 months, and that variance ratios for most 

of these CD portfoUos with smaUer-than-one variance ratios at long horizons exhibit a U-

shaped curve. Although these smaUer-than-one variance ratios are not significantly 

different from one, seven of the 25 CD portfoUos have smaUer-than-one variance ratios 

significant around or within the 20 percent significance level. The 12 Spearman rank 

correlation coefficients range from 0.26 to 0.60. In particular, since only 5 of the 12 

coefficients are greater than the one percent critical value 0.51, the nuU hypothesis that 

there is no linear relationship between the size rank of a CD portfoUo and the importance 

of the portfoUo's stationary price components cannot be rejected. As to variance ratios 

for excess returns of the MCD portfoUo, which consists of aU the stocks in the 25 CD 

portfolios, there is no variance ratio that is significantly different from one. However, 

these variance ratios become smaUer than one at long horizons and exhibit a U-shaped 

curve within the 10-year horizon. 

In summary, as shown in Tables 4.11-4.14, the majority of the crawl forward size 

portfoUos have smaUer-than-one variance ratios at long horizons. Just as with the 

previous 25 NYSE/AMEX annuaUy adjusted size portfoUos, none of the crawl forward 

size portfoUos has significantly negative autocorrelation (at the 5 percent level) in its 

excess returns. However, about one quarter of the 100 crawl forward size portfoUos have 
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smaUer-than-one variance ratios significant around or within the 20 percent level. In 

particular, some of the portfolios have prominent indications of the existence of a 

stationary component in their prices. To be more specific, the most significant one is 

within the 11 percent level. Sirmlar to the result in Table 4.7, within each of the four sets 

of crawl forward size portfolios, the significance of the statistical impUcation of stationary 

price components is different across the 25 crawl forward size portfolios. Also, the 

market portfoUo which contains all the stocks in the 25 crawl forward size portfolios does 

not have stronger statistical implications of stationary price components than the other 25 

crawl forward size portfoUos. Since there is no linear association between the importance 

of the stationary component in portfolio prices and its size rank, the crawl forward size 

portfoUo formation approach may not gather stocks with simUar stationary price 

components into a portfolio. In particular, the statistical impUcation of stock prices with 

stationary price components tends to be clouded by stock prices without stationary price 

components. Therefore, the variance ratio test results regarding the importance of 

stationary price components for these crawl forward size portfoUos might be stiU 

understated. Furthermore, as previously mentioned, there is statistical difficulty involved 

in picking up stationary price components. Therefore, given these considerations, the 

variance ratio test results for the crawl forward size portfoUos might be able to give us 

much confidence in the existence of stationary price components. Although the results do 

not support unanimously that aU the stocks have a stationary component in their stock 

prices, they evidently show that at least for some stocks, stationary price components play 

an important role in determining the behavior of their prices. 

Table 4.15 reports the results for cross sectional regressions of the next period 

portfoUo excess returns on betas estimated at the end of the current period for the four 

sets of crawl forward size portfoUos. Betas are obtained through the time series 

regression of a crawl forward size portfoUo's annual nominal returns on the market 

portfoUo's123 annual nominal returns. A portfoUo's annual nominal return at the end of 

123 Here, it is the portfoUo consisting of aU the stocks in the 25 crawl forward size 
portfoUos. 
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month j is calculated by compounding the portfolio's 12 monthly nominal returns 

preceding the beginning of month j + l. Across all the four sets of crawl forward size 

portfoUos in Table 4.15, the intercept estimates always show up significantly different 

from zero, whUe this is not the case for beta coefficient estimates; in particular, three out 

of the four beta coefficient estimates are negative. Therefore, for the crawl forward size 

portfolios, betas do not have a predictive power on stock returns. Does the result in Table 

4.15 that betas of crawl forward size portfoUos have no predictive power on their returns 

contradict the result in Table 4.8 that betas of annuaUy adjusted size portfoUos have a 

predictive power on their returns? As mentioned in section 3.3.2 of this dissertation, in 

order to test for CAPM (or just to test for the predictive power of betas) in a more 

effective manner, the portfoUos must be formed in such a way that their returns and hence 

betas spread as much as possible. However, as discussed in section 4.1 of this 

dissertation, excess returns of the four sets of crawl forward size portfolios tend to crowd 

together. This can mitigate the power of the test, which may result in what is in Table 

4.15. Hence, the positive result for betas' predictive power on returns in Table 4.8 can be 

viewed as a demonstration that the result in Table 4.15 that the beta coefficient estimate is 

not significantly different from zero is due to a bad choice of portfoUo formation. In other 

words, the result in Table 4.15 may be just due to the limited range of the crawl forward 

size portfoUo returns. From the preceding discussion, the result in Table 4.15 should not 

be taken as evidence against the predictive power of betas on stock returns, since the test 

is implemented in an incorrect and inefficient manner. Therefore, the results in Tables 4.8 

and 4.15 do not necessarily contradict to each other. In particular, the result in Table 4.15 

does not necessarily imply that betas are useless (or dead) and hence that CAPM is 

incorrect. 

Table 4.15 also reveals that in terms of magnitude, the intercept term is much 

larger than the beta coefficient estimate. In this sense, the predicted value from the cross 

sectional regression is likely to be dominated by the intercept term. Since the slope (i.e., 

124 If there is reaUy a significant relationship between returns and betas, the 
observation that portfoUo returns crowd together impUes that so do portfoUo betas. 
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Table 4.11 
Variance Ratios and Their t Values for Value-weighted Excess 

Returns of the June-1935 Crawl Forward Size Portfolios 
of NYSE Stocks from June 1941 to December 1996 

CAl CA2 CA3 CA4 CA5 CA6 CA7 CA8 CA9 

v.r. t v.r. t v.r. t v.r. v-r- t v.r. t v.r. t v.r. v.r. 2 1.10(2.02) 1.05(1.30) 1.10(2.05) 1.00(0.04) 1.03(0.88) 1.08(1.85) 1.08(1.63) 1.09(2.15) 104(0 76) 
3 1.13(1.85) 1.07(1.05) 1.14(2.02) 1.02(0.24) 1.01(0.19) 1.13(1.94) 1.08 1.08 1.0 2.15 106 0 93 
4 1.17(1.98) 1.06(0.71) 1.18(2.15) 1.01(0.10) 1.00(-0.04) 1.16(1.99) 1.08(0.87) 1.19(140) 106(076 
5 1.20(1.99) 1.08(0.77) 1.23(2.25) 1.02(0.23) 1.00(0.02) 1.19(1.99) 1.09(0.75) 1.24(2.64 105 057 
6 1.22(2.00) 1.07(0.57) 1.26(135) 1.05(0.41) 1.02(0.18) 1.22(111) 1.07(0.51) 1.28(178) 109 082 
7 1.23 (1.91) 1.08 (0.60) 1.29 (135) 1.07 (0.55) 1.04 (0.36) 1.24 (2.04) 1.04 (0.29) 1.31 (179) 111 (093) 
8 1.23 (1.76) 1.08 (0.55) 1.30 (127) 1.08 (0.64) 1.05 (0.46) 1.24 (1.93) 1.03 (0.22) 1.34 (183) 1 13 (100) 
9 1.22 (1.55) 1.07 (0.48) 1.30 (113) 1.08 (0.58) 1.06 (0.46) 1.24 (1.76) 1.03 (0.19) 1.36 (178) 1 14 (105) 
10 1.21 (1.40) 1.07 (0.42) 1.31 (106) 1.08 (0.51) 1.05 (0.37) 1.23 (1.65) 1.04 (0.20) 1.38 (176) 1.14 (1 02) 
11 1.19 (1.24) 1.06 (0.34) 1.32 (101) 1.06 (0.39) 1.05 (0.32) 1.23 (1.53) 1.04 (0.24) 1.39 (168) 1.14 (0.92) 
12 1.18 (1.12) 1.06 (0.31) 1.32 (1.97) 1.06 (0.35) 1.05 (0.32) 1.22 (1.43) 1.04 (0.20) 1.41 (166) 1.13 (0.83) 

15 1.16(0.86) 1.07(0.31) 1.34(1.84) 1.02(0.11) 1.03(0.17) 1.23(1.32) l.OO(-O.Ol) 1.44(153) 1.10(0.55) 
18 1.14(0.68) 1.04(0.17) 1.33(1.67) 1.00(0.01) 1.03(0.14) 1.25(1.27) 0.94 (-0.27) 1.47(147) 1.08(0.42) 
21 1.10(0.44) 1.04(0.16) 1.29(1.38) 0.98 (-0.11) 1.02(0.10) 1.25(1.18) 0.90(-0.41) 1.48(131) 1.05(0.23) 
24 1.05(0.23) 1.03(0.12) 1.23(1.03) 0.93 (-0.30) 0.99 (-0.06) 1.24(1.08) 0.85 (-0.57) 1.45(102) 1.00(0.00) 
27 1.02(0.08) 1.01(0.04) 1.19(0.79) 0.89 (-0.42) 0.96 (-0.16) 1.22(0.93) 0.83 (-0.63) 1.43(1.83) 0.94(0.27) 
30 1.02(0.09) 1.00(0.00) 1.16(0.62) 0.87(0.51) 0.95 (-0.20) 1.20(0.79) 0.83 (-0.58) 1.42(1.67) 0.89(0.44) 
33 1.03(0.10) 0.99 (-0.04) 1.14(0.52) 0.86 (-0.49) 0.96 (-0.17) 1.19(0.71) 0.83 (-0.56) 1.41(1.54) 0.85(0.56) 
36 1.02(0.08) 0.97 (-0.09) 1.12(0.43) 0.86 (-0.48) 0.96 (-0.14) 1.17(0.62) 0.83 (-0.53) 1.39(1.40) 0.81(0.68) 
39 1.01(0.09 0.96 (-0.13) 1.10(0.36) 0.86 (-0.48) 0.97 (-0.11) 1.15(0.53) 0.82 (-0.54) 1.37(1.29) 0.78(0.76) 
42 0.99(-0.02) 0.96(-0.13) 1.09(0.30) 0.84(-0.52) 0.98(-0.08) 1.13(0.43) 0.79(-0.61) 1.35(1.17) 0.74(0.88) 
45 0.95 (-0.16) 0.95 (-0.19 1.06(0.21) 0.82 (-0.57) 0.97 (-0.10) 1.08(0.29 0.76 (-0.70) 1.31(1.01) 0.69 (-1.01) 
48 0.89 (-0.34) 0.94 (-0.17) 1.03(0.11) 0.80 (-0.61) 0.97 (-0.11) 1.02(0.07) 0.71 (-0.80) 1.27(0.86) 0.64 (-1.14) 

51 0.83 (-0.49) 0.94 (-0.17) 1.02(0.05) 0.78 (-0.63) 0.97 (-0.09) 0.98 (-0.06) 0.67 (-0.89) 1.25(0.76) 0.60(1.23) 
54 0.79 (-0.59) 0.96 (-0.10) 1.01(0.03) 0.78 (-0.63) 0.99 (-0.02) 0.95 (-0.19 0.65 (-0.92) 1.24(0.72) 0.57 (-1.29) 
57 0.75 (-0.69) 0.98 (-0.06) 1.02(0.05) 0.77 (-0.63) 1.02(0.09 0.91 (-0.27) 0.64 (-0.94) 1.23(0.66) 0.55(1.33) 
60 0.72 (-0.76) 0.99 (-0.03) 1.03(0.08) 0.76 (-0.66) 1.05(0.13) 0.87 (-0.36) 0.63 (-0.93) 1.22(0.61) 0.53(1.39 
63 0.69 (-0.82) 0.99 (-0.02) 1.05(0.14) 0.74 (-0.68) 1.08(0.23) 0.84 (-0.44) 0.63 (-0.91) 1.21(0.57) 0.50(1.39) 
66 0.68 (-0.83) 1.01(0.02) 1.09(0.26) 0.74 (-0.67) 1.13(0.39 0.82 (-0.48) 0.63 (-0.90) 1.20(0.53) 0.49(1.40) 
69 0.67 (-0.84) 1.03(0.06) 1.15(0.39) 0.74 (-0.69 1.17(0.47) 0.81 (-0.52) 0.62 (-0.90) 1.18(0.46) 0.48(1.38) 
72 0.65 (-0.86) 1.03(0.08) 1.19(0.51) 0.74 (-0.64) 1.21(0.56) 0.78 (-058) 0.61 (-0.91) 1.13(0.34) 0.47 (-1.38) 
75 0.64 (-0.88) 1.04(0.09) 1.23(0.61) 0.73 (-0.69 124(0.63) 0.75 (-0.64) 0.60 (-0.91) 1.08(020) 0.46(1.37) 
78 0.62 (-0.91) 1.04(0.08) 1.26(0.67) 0.72 (-0.67) 1.27(0.68) 0.73 (-0.69) 0.60 (-0.90) 1.04(0.09) 0.45(1.38) 
81 0.60 (-0.93) 1.04(0.08) 1.28(0.71) 0.71 (-0.67) 1.29(0.73) 0.71 (-0.71) 0.60 (-0.88) 1.01(0.03) 0.45 (-1.37) 
84 0.60 (-0.93) 1.05(0.11) 1.30(0.79 0.71 (-0.66) 1.32(0.78) 0.71 (-0.71) 0.62 (-0.83) 0.99 (-0.02) 0.44(1.39 

87 0.59 (-0.93) 1.06(0.13) 1.33(0.79) 0.71 (-0.69 1.34(0.83) 0.70 (-0.70) 0.63 (-0.78) 0.98 (-0.09 0.44(1.33) 
90 0.57 (-0.96) 1.07(0.19 1.35(0.84) 0.71 (-0.64) 1.37(0.86) 0.70 (-0.70) 0.65 (-0.74) 0.97 (-0.08) 0.43 (-1.39 
93 0.56 (-0.97) 1.09(0.18) 1.37(0.87) 0.71 (-0.63) 1.39(0.92) 0.70 (-0.69) 0.66 (-0.71) 0.95 (-0.10) 0.42(1.39 
96 0.55 (-0.97) 1.11(0.23) 1.40(0.93) 0.72 (-0.60) 1.43(0.98) 0.70 (-0.67) 0.67 (-0.68) 0.94 (-0.12) 0.41(1.33) 
99 0.55 (-0.96) 1.14(0.28) 1.44(1.00) 0.74 (-0.56) 1.47(1.06) 0.71 (-0.69 0.68 (-0.69 0.94 (-0.13) 0.41 (-1.31) 
102 0.54 (-0.98) 1.17(0.34) 1.47(1.06) 0.75 (-0.53) 1.50(1.12) 0.71 (-0.64) 0.68 (-0.63) 0.93 (-0.14) 0.41(1.30) 
105 0.52 (-1.00) 1.20(0.40) 1.49(1.10) 0.76 (-0.49) 1.54(1.18) 0.71 (-0.64) 0.69 (-0.61) 0.94 (-0.14) 0.41 (-1.28) 
108 0.50 (-1.03) 1.23(0.46) 1.51(1.13) 0.77 (-0.46) 1.57(1.23) 0.70 (-0.64) 0.69 (-0.60) 0.94 (-0.13) 0.42 (-1.29 
111 0.49(-1.04) 1.26(0.51) 1.54(1.17) 0.79(-0.43) 1.60(1.29) 0.70(-0.63) 0.70(-0.58) 0.95(-0.10) 0.42(1.23) 
114 0.47 (-1.06) 1.29(059 1.55(1.18) 0.80 (-0.41) 1.63(1.33) 0.71 (-0.61) 0.71 (-0.56) 0.96 (-0.08) 0.42(1.22) 
117 0.45 (-1.09) 1.31(0.57) 1.56(1.19) 0.80 (-0.40) 1.65(1.35) 0.71 (-0.61) 0.71 (-0.59 0.97 (-0.07) 0.41(1.21) 
120 0.43 (-1.12) 1.33(061) 1.58(1.21) 0.80 (-0.39) 1.66(1.36) 0.71 (-0.60) 0.70 (-0.56) 0.97 (-0.06) 0.41 (-1.20) 

AVS 0.87 (-0.39 0.98 (-0.06) 1.09(0.31) 0.81 (-0.57) 1.02(0.02) 1.02(0.13) 0.72 (-0.76) 1.29(1.00) 0.67(1.00) 
AVM 0.78 (-0.59 1.01(0.01) 1.16(0.46) 0.78 (-0.60) 1.12(0.28) 0.92 (-0.14) 0.69 (-0.78) 1.20(0.67) 0.59 (-1.12) 
AVL 0.71 (-0.67) 1.06(0.12) 1.25(0.63) 0.78 (-0.56) 1.23(0.52) 0.86 (-0.26) 0.69 (-0.73) 1.14(0.48) 0.55 (-1.19 
MNS 0.65(0.86) 0.93 (-0.18) 1.01(0.03) 0.74 (-0.68) 0.95 (-0.20) 0.78 (-0.58) 0.61 (-0.94) 1.13(0.34) 0.47(1.40) 
MNM 0.55 (-0.97) 0.93 (-0.18) 1.01(0.03) 0.71 (-0.68) 0.95(0.20) 0.70 (-0.71) 0.60 (-0.94) 0.94 (-0.12) 0.41 (-1.40) 
MNL 0.43 (-1.12) 0.93 (-0.18) 1.01(0.03) 0.71 (-0.68) 0.95 (-0.20) 0.70 (-0.71) 0.60 (-0.94) 0.93 (-0.14) 0.41 (-1.40) 

Monthly excess return is the difference between monthly nominal return and t-bill rate for the month. CAi is the ith crawl forward size 
ranked portfolio. The CA portfolios are formed by evenly dividing the NYSE stocks existing at the end of ... (continued on next page) 
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Table 4.11 (continued) 

Q 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

CA10 

v.r. t 
1.04 (1.09 
1.03 (0.54) 
1.01 (0.13) 
1.00 (0.03) 
1.00 (0.02) 
1.00 (0.03) 
0.99 (-0.07) 
0.99 (-0.07) 
0.99 (-0.08) 
0.99 (-0.06) 
1.00 (0.01) 

1.01 (0.06) 
1.02 (0.11) 
1.01 (0.07) 
0.98 (-0.10) 
0.94 (-0.23) 
0.91 (-0.34) 
0.88 (-0.47) 
0.84 (-057) 
0.82 (-0.62) 
0.80 (-0.67) 
0.79 (-0.70) 
0.77 (-0.73) 

0.78 (-0.69) 
0.79 (-0.62) 
0.81 (-056) 
0.83 (-0.49) 
0.85 (-0.43) 
0.87 (-0.36) 
0.89 (-0.30) 
0.91 (-0.24) 
0.91 (-0.22) 
0.92 (-0.21) 
0.92 (-0.18) 
0.93 (-0.16) 

0.94 (-0.14) 
0.95 (-0.11) 
0.97 (-0.08) 
0.99 (-0.03) 
1.02 (0.04) 
1.04 (0.09) 
1.07 (0.14) 
1.10 (0.20) 
1.12 (026) 
1.15 (031) 
1.17 (0.39 
1.19 (038) 

0.84 (-0.50) 
0.87 (-OJ 8) 
0.99 (-024) 
0.77(^X73) 
0.77 (-0.73) 
0.77 (-0.73) 

CA11 

v.r. t 
1.07 (1.80) 
1.10 (1.67) 
1.12 (1.67) 
1.13 (1.45) 
1.15 (1.47) 
1.17 (1.50) 
1.19 (1.59 
1.19 (1.48) 
1.20 (1.42) 
1.19 (1.29) 
1.18 (1.19) 

1.15 (0.86) 
1.12 (0.64) 
1.09 (0.43) 
1.05 (0.22) 
1.01 (0.04) 
0.98 (-0.06) 
0.97 (-0.11) 
0.95 (-0.17) 
0.95 (-0.19) 
0.93 (-0.23) 
0.91 (-0.30) 
0.87 (-0.41) 

0.84 (-0.47) 
0.83 (-050) 
0.82 (-0.51) 
0.82 (-0.51) 
0.81 (-0.52) 
0.81 (-0.52) 
0.81 (-050) 
0.81 (-0.50) 
0.80 (-0.51) 
0.79 (-0.52) 
0.79 (-0 52) 
0.78 (-0 52) 

0.78 (-0 52) 
0.77 (-052) 
0.78 (-050) 
0.80 (-0.49 
0.82 (-0.40) 
0.84 (-0.39 
0.86 (-0.30) 
0.88 (-0.26) 
0.90 (-0.21) 
0.92 (-0.17) 
0.92 (-0.19 
0.94 (-0.13) 

0.89 (-0.33) 
0.85 (-0.39) 
0.86 (-0.36) 
0.81 (-0.53) 
0.77 (-053) 
0.77 (-053) 

CA12 

v.r. t 
1.13 (189) 
1.16 (134) 
1.16 (1.97) 
1.16 (1.67) 
1.17 (1.58) 
1.18 (1.49) 
1.18 (1.40) 
1.17 (1.25) 
1.16 (1.11) 
1.15 (0.99) 
1.15 (0.94) 

1.16 (0.90) 
1.16 (0.78) 
1.12 (0.56) 
1.08 (0.33) 
1.03 (0.14) 
1.01 (0.03) 
0.98 (-0.07) 
0.96 (-0.14) 
0.95 (-0.16) 
0.94 (-0.20) 
0.91 (-0.28) 
0.88 (-0.36) 

0.86 (-0.41) 
0.86 (-0.42) 
0.85 (-0.43) 
0.85 (-0.42) 
0.85 (-0.40) 
0.87 (-0.34) 
0.89 (-0.29) 
0.91 (-0.24) 
0.91 (-0.22) 
0.91 (-0.21) 
0.91 (-0.21) 
0.92 (-0.19) 

0.92 (-0.19) 
0.91 (-0.20) 
0.91 (-0.20) 
0.92 (-0.18) 
0.93 (-0.19 
0.94 (-0.12) 
0.96 (-0.09) 
0.97 (-0.07) 
0.98 (-0.04) 
0.98 (-0.03) 
0.98 (-0.04) 
0.98 (-0.04) 

0.92 (-0.24) 
0.92 (-0.23) 
0.93 (-0.19) 
0.85 (-0.43) 
0.85 (-0.43) 
0.85 (-0.43) 

CA13 

v.r. t 
1.05 (1.26) 
1.08 (1.25) 
1.09 (1.11) 
1.09 (0.94) 
1.12 (1.13) 
1.14 (1.25) 
1.17 (1.33) 
1.18 (1.33) 
1.18 (1.28) 
1.18 (1.22) 
1.19 (1.18) 

1.17 (0.94) 
1.12 (0.59) 
1.06 (0.26) 
0.97 (-0.12) 
0.90 (-0.40) 
0.85 (-0.58) 
0.81 (-0.69) 
0.78 (-0.79) 
0.75 (-0.84) 
0.74 (-0.87) 
0.72 (-0.90) 
0.70 (-0.93) 

0.70 (-0.92) 
0.71 (-0.86) 
0.72 (-0.80) 
0.73 (-0.76) 
0.74 (-0.72) 
0.75 (-0.68) 
0.76 (-0.64) 
0.76 (-0.61) 
0.76 (-0.60) 
0.76 (-0.60) 
0.76 (-0.57) 
0.78 (-0.52) 

0.79 (-0.48) 
0.81 (-0.44) 
0.82 (-0.40) 
0.84 (-0.39 
0.86 (-0.30) 
0.87 (-0.27) 
0.88 (-0.29 
0.89 (-0.24) 
0.89 (-0.22) 
0.90 (-0.21) 
0.90 (-0.21) 
0.90 (-0.20) 

0.76 (-0.74) 
0.77 (-0.66) 
0.80 (-0.56) 
0.69 (-0.93) 
0.69 (-0.93) 
0.69 (-0.93) 

CA14 

v.r. t 
1.02 (0.63) 
1.04 (0.73) 
1.08 (1.07) 
1.13 (1.50) 
1.18 (1.88) 
1.21 (100) 
1.24 (113) 
1.26 (112) 
1.27 (105) 
1.27 (1.97) 
1.28 (1.96) 

1.30 (1.82) 
1.32 (1.76) 
1.33 (1.63) 
1.31 (1.49 
1.30 (1.30) 
1.29 (1.21) 
1.30 (1.17) 
1.29 (1.10) 
1.28 (1.02) 
1.27 (0.99 
1.25 (0.89 
1.23 (0.76) 

1.23 (0.71) 
1.22 (0.68) 
1.22 (0.69 
1.22 (0.64) 
1.23 (0.69 
1.25 (0.70) 
1.28 (0.79 
1.29 (0.78) 
1.31 (0.80) 
1.31 (0.80) 
1.31 (0.79) 
1.31 (0.77) 

1.31 (0.79 
1.31 (0.73) 
1.30 (0.71) 
1.31 (0.71) 
1.31 (0.71) 
1.31 (0.70) 
1.32 (0.71) 
1.33 (0.72) 
1.34 (0.74) 
1.36 (0.76) 
1.37 (0.77) 
1.38 (0.80) 

1.26 (0.88) 
1.28 (0.84) 
1.29 (0.82) 
1.22 (0.63) 
1.22 (0.63) 
1.22 (0.63) 

CA15 

v.r. t 
1.09 (1.88) 
1.11 (1.45) 
1.10 (1.12) 
1.11 (1.03) 
1.13 (1.02) 
1.14 (1.00) 
1.15 (1.04) 
1.17 (1.07) 
1.19 (1.17) 
1.21 (1.22) 
1.22 (1.20) 

1.19 (0.94) 
1.17 (0.79 
1.12 (0.48) 
1.07 (0.29 
1.02 (0.08) 
1.00 (-0.02) 
0.98 (-0.06) 
0.98 (-0.07) 
0.99 (-0.04) 
0.99 (-0.02) 
1.00 (0.00) 
1.01 (0.02) 

1.02 (0.09 
1.04 (Oil) 
1.07 (0.18) 
1.10 (0.24) 
1.12 (0.29) 
1.15 (0.36) 
1.19 (0.44) 
1.22 (0.50) 
1.25 (0.59 
1.26 (0.59) 
1.28 (0.61) 
1.30 (0.69 

1.32 (0.68) 
1.33 (0.69) 
1.35 (0.71) 
1.37 (0.79 
1.40 (0.80) 
1.42 (0.84) 
1.44 (0.87) 
1.46 (0.90) 
1.47 (0.91) 
1.49 (0.92) 
1.49 (0.93) 
1.50 (0.94) 

1.05 (012) 
1.13 (O30) 
1.22 (0.44) 
0.98 (-0.07) 
0.98 (-0.07) 
0.98 (-0.07) 

CA16 

v.r. 
0.92 
0.92 
0.91 
0.91 
0.91 
0.91 
0.90 
0.891 
0.891 
0.871 
0.86 ( 

0.821 
0.80 ( 
0.75 < 
0.69 ( 
0.64 ( 
0.61 < 
0.60 < 
0.58 ( 
0.57 < 
0.57 ( 
0.56 ( 
0.54 ( 

0.53 ( 
0.53 ( 
0.54 ( 
0.54 ( 
0.54 ( 
0.56 ( 
0.57 ( 
0.58 ( 
0.59 < 
0.60 ( 
0.62 ( 
0.64 ( 

0.66( 
0.67 ( 
0.68 < 
0.70 ( 
0.72 ( 
0.73 ( 
0.75 ( 
0.76 ( 
0.78 ( 
0.80 ( 
0.81 ( 
0.83 < 

0.57 ( 
0.59 ( 
0.64 ( 
0.53 ( 
0.53 ( 
0.53 ( 

t 
(-1.63) 
(-1.11) 
(-1.09) 
(-0.93) 
(-0.77) 
(-0.74) 
(-0.72) 
(-0.74) 
(-0.74) 
(-0.81) 
(-0.89 

[-0.99 
;-0.99) 
,-1.13) 
-1.32) 
-1.43) 
-1.48) 
-1.47) 
-1.46) 
-1.44) 
-1.41) 
-1.41) 
-1.41) 

-1.40) 
-1.36) 
-1.32) 
-1.28) 
-1.29 
-1.19) 
-1.14) 
-1.07) 
-1.02) 
-0.98) 
-0.92) 
-0.89 

.-0.79) 
(-0.76) 
[-0.72) 
(-0.67) 
:-0.62) 
[-0.59) 
[-0.59 
;-0.51) 
[-0.46) 
[-0.42) 
;-0.38) 
:-o.39 

:-i.39 
(-1.19) 
:-I.OD 
:-i.48) 
:-i.48) 
-1.48) 

CA17 

v.r. t 
1.03 (0.78) 
1.07 (0.99) 
1.09 (1.10) 
1.11 (1.13) 
1.14 (1.34) 
1.15 (1.32) 
1.16 (1.25) 
1.16 (1.17) 
1.16 (1.11) 
1.15 (0.99) 
1.14 (0.92) 

1.12 (0.66) 
1.08 (0.42) 
1.02 (0.11) 
0.94 (-0.29 
0.87 (-0.53) 
0.83 (-0.68) 
0.80 (-0.79 
0.77 (-0.82) 
0.75 (-0.88) 
0.72 (-0.94) 
0.70 (-0.99) 
0.67 (-1.04) 

0.67 (-1.03) 
0.68 (-0.96) 
0.70 (-0.87) 
0.72 (-0.79) 
0.74 (-0.72) 
0.77 (-0.64) 
0.79 (-0.56) 
0.81 (-0.50) 
0.82 (-0.46) 
0.83 (-0.44) 
0.84 (-0.40) 
0.86 (-0.39 

0.87 (-0.31) 
0.88 (-0.27) 
0.90 (-0.24) 
0.92 (-0.18) 
0.95 (-0.11) 
0.97 (-0.06) 
1.00 (0.00) 
1.03 (0.09 
1.05 (0.11) 
1.07 (0.19 
1.08 (0.17) 
1.10 (0.20) 

0.75 (-0.79) 
0.79 (-0.64) 
0.85 (-0.47) 
0.67 (-1.04) 
0.67 (-1.04) 
0.67 (-1.04) 

CA18 

v.r. t 
1.10 (162) 
1.12 (1.94) 
1.10 (1.27) 
1.10 (1.08) 
1.12 (1.11) 
1.12 (1.05) 
1.13 (0.98) 
1.13 (0.92) 
1.13 (0.90) 
1.13 (0.86) 
1.13 (0.80) 

1.10 (0.55) 
1.09 (0.44) 
1.05 (0.25) 
0.99 (-0.06) 
0.96 (-0.16) 
0.94 (-0.23) 
0.92 (-0.28) 
0.92 (-0.30) 
0.91 (-0.31) 
0.90 (-0.33) 
0.89 (-0.36) 
0.87 (-0.41) 

0.86 (-0.42) 
0.86 (-0.40) 
0.86 (-0.38) 
0.87 (-0.39 
0.88 (-0.33) 
0.89 (-0.29) 
0.90 (-0.26) 
0.91 (-0.23) 
0.91 (-0.22) 
0.92 (-0.19) 
0.93 (-0.17) 
0.94 (-0.14) 

0.95 (-0.13) 
0.94 (-0.12) 
0.95 (-0.11) 
0.96 (-0.09) 
0.97 (-0.06) 
0.98 (-0.04) 
0.99 (-0.02) 
1.00 (0.00) 
1.02 (0.04) 
1.03 (0.09 
1.03 (0.06) 
1.04 (0.07) 

0.90 (-0.31) 
0.91 (-0.26) 
0.93 (-0.19) 
0.86 (-0.42) 
0.86 (-0.42) 
0.86 (-0.42) 

June of 1935 into 25 groups according to the ranks of the individual firm historical average size (market equity) measures at the end of 
June of 1935 (see equation 3.19 of this dissertation). MCA is the market portfolio which consists of the stocks in the 25 CA portfolios. 
Q is the return horizon ranging from 2 months to 120 months. Variance ratios are those in the column denoted by "v.r." Numbers inside 

parentheses in the column denoted by *Y* are variance ratio* values. If the absolute value of a t value is greater than 1.96, the variance 
ratio is significantly diffeieut from one at the 5 percent level. AVS, AVM, and AVL are respectively the ... (continued on next page) 
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Table 4.11 (continued) 

CA19 CA20 CA21 CA22 CA23 CA24 CA25 McT 

v.r. t 
v r l v r l vr- » v.r. t v.r. t v.r. t vr t 

2 1.05(1.20) 1.02(0.40) 1.01(0.24) 1.06(1.23) 1.05(0.94) 1.04(0.93) 101(017) 105rt)94) 
3 1.05(0.77) 1.01(0.12) 0.99 (-0.18) 1.07(1.00) 1.06 0.81 1.05 0.67) S 105 S S 
4 1.04(0.52) 0.99 (-0.08) 0.97 (-0.34) 1.08(1.00) 1.07 0.74 1.04 0.42 05 055 £ 0 89 
5 1.06(0.66) 0.99(-0.08) 0.97(-0.34) 1.12(1.23) 1.10 0.92 1.04 0.34 08 084 U lOT 
6 1.10(0.96) 1.02(0.17) 1.00(-0.04) 1.15(1.38) 1.15 1.25 1.08 0.71 16 (i 41) 117 50 
7 1.14(1.22) 1.03(0.26) 1.00(0.03) 1.16(1.35) 1.16 1.26 1.10 0.78 ' "S 1 S 
8 1.16(1.32) 1.04(0.34) 1.01(0.05) 1.16(1.28) 1.18(1.25 1.11 0.84 21 63 21 161 
9 1.18(1.34) 1.05(0.40) 1.00(0.02) 1.16(1.19) 1.18(1.20 1.12 0.81 1.23 63 22 156 
10 1.20(1.43) 1.06(0.49 1.00(0.03) 1.16(1.16) 1.18(1.15) 1.12 0.76 1.24 167) 22 53 
11 1.21(1.43) 1.07(047) l.OO(-O.Ol) 1.16(1.05) 1.18(1.07) 1.11(0.70) 1.25 1.63 1.22 143 
12 1.21(1.36) 1.08(0.48) 0.99(-0.09) 1.15(0.97) 1.17(0.97) 1.11(0.69 1.25(1.57) 1.22(1.35) 

15 1.20(1.11) 1.07(0.39) 0.96 (-0.24) 1.13(0.75) 1.17(0.87) 1.10(0.52) 1.26(1.42) 120(111) 
18 1.15(0.79 1.06(0.30) 0.93 (-0.34) 1.13(0.66) 1.16(0.78) 1.09(0.43) 1.24(1.23) 118(090) 
21 1.10(0.47) 1.02(012) 0.89 (-0.51) 1.12(0.60) 1.14(0.63) 1.07(0.29) 1.21(0.97) 114(063) 
24 1.04(0.17) 0.97 (-0.12). 0.83 (-0.72) 1.08(0.37) 1.10(0.42) 1.01(0.06) 1.16(0.70) 1.07(030) 
27 1.00(0.02) 0.93 (-0.29) 0.80 (-0.82) 1.07(0.29) 1.07(0.26) 0.97 (-0.13) 1.13(0.52) 1.02(007) 
30 1.00(0.00) 0.91 (-0.39 0.79 (-0.82) 1.07(0.28) 1.05(0.18) 0.94 (-0.24) 1.11(0.44) 0.99 (-0.04) 
33 1.01(0.03) 0.90 (-0.39) 0.78 (-0.79) 1.08(0.31) 1.04(0.16) 0.92 (-0.29) 1.11(0.40) 0.97 (-0.10) 
36 1.01(0.09 0.89 (-0.39) 0.78 (-0.76) 1.09(0.35) 1.05(0.16) 0.91 (-0.30) 1.11(0.38) 0.96 (-0.13) 
39 1.03(0.09) 0.89 (-0.38) 0.79 (-0.73) 1.12(0.42) 1.06(0.18) 0.92 (-0.27) 1.11(0.39) 0.96 (-0.13) 
42 1.03(011) 0.89 (-0.36) 0.78 (-0.72) 1.13(0.44) 1.07(0.23) 0.92 (-0.26) 1.12(0.40) 0.96 (-0.13) 
45 1.03(0.11) 0.90 (-0.33) 0.77 (-0.72) 1.13(0.43) 1.08(0.24) 0.92 (-0.26) 1.13(0.41) 0.95(-0.19 
48 1.03(0.11) 0.90(-0.32) 0.76(-0.79 1.14(0.44) 1.08(0.29 0.91 (-0.27) 1.14(0.43) 0.95(0.16) 

51 1.04(0.12) 0.90 (-0.31) 0.75 (-0.79 1.16(0.50) 1.10(0.28) 0.92 (-0.29 1.16(0.48) 0.96 (-0.13) 
54 1.06(0.18) 0.92 (-0.24) 0.76 (-0.69) 1.20(0.62) 1.13(0.37) 0.94 (-0.17) 1.20(0.59) 0.99 (-0.04) 
57 1.09(0.26) 0.94 (-0.17) 0.78 (-0.63) 1.25(0.75) 1.16(0.46) 0.96 (-0.10) 1.25(0.72) 1.02(0.07) 
60 1.12(0.34) 0.96 (-0.10) 0.79 (-0.58) 1.29(0.86) 1.20(0.54) 0.99 (-0.03) 1.30(0.85) 1.06(0.18) 
63 1.14(0.39) 0.98 (-0.09 0.80 (-0.54) 1.33(0.96) 1.23(0.61) 1.01(0.02) 1.34(0.99 110(0.27) 
66 1.17(0.46) 1.01(0.02) 0.82 (-0.48) 1.38(1.07) 1.26(0.69) 1.04(0.09) 1.38(1.09 1.14(0.37) 
69 1.20(0.54) 1.04(0.10) 0.83 (-0.43) 1.43(1.17) 1.30(0.79) 1.06(0.16) 1.42(1.13) 1.18(0.47) 
72 1.24(0.62) 1.07(0.18) 0.85 (-0.38) 1.47(1.26) 1.35(0.88) 1.08(0.21) 1.46(1.21) 1.21(0.59 
75 1.27(0.68) 1.09(0.24) 0.85 (-0.36) 1.50(1.32) 1.38(0.94) 1.10(0.24) 1.49(1.27) 1.24(0.61) 
78 1.29(0.73) 1.11(0.29) 0.86 (-0.39 153(1.36) 1.41(1.00) 1.11(0.26) 1.52(1.32) 1.26(0.65) 
81 1.31(0.77) 1.14(0.34) 0.87 (-0.32) 1.56(1.41) 1.45(1.08) 1.12(0.29) 1.56(1.38) 1.29(071) 
84 1.35(0.84) 1.17(0.42) 0.89 (-0.27) 1.60(1.50) 1.50(1.18) 1.15(0.34) 1.60(1.46) 1.32(078) 

87 1.38 (0.90) 1.20 (0.48) 0.90 (-0.23) 1.64 (1.57) 1.54 (1.27) 1.16 (0.37) 1.64 (1.52) 1.35 (0.84) 
90 1.41 (0.99 123 (0.53) 0.91 (-0.20) 1.68 (1.63) 1.58 (1.34) 1.18 (0.40) 1.68 (1.60) 1.38 (090) 
93 1.44(1.01) 1.25(0.58) 0.92 (-0.17) 1.72(1.70) 1.62(1.39) 1.19(0.42) 1.72(1.67) 1.42(0.96) 
96 1.48(1.08) 1.28(0.69 0.94 (-0.13) 1.76(1.76) 1.65(1.49 1.21(0.46) 1.77(1.76) 1.46(1.04) 
99 1.52(1.16) 1.32(0.72) 0.97 (-0.06) 1.81(1.86) 1.69(1.52) 1.24(0.51) 1.82(1.89 151(1.13) 
102 1.55(1.22) 1.34(0.76) 0.99 (-0.01) 1.85(1.93) 1.73(1.57) 1.26(0.59 187(1.94) 1.55(1.21) 
105 1.59 (1.29) 1.37 (0.82) 1.02 (0.04) 1.90 (200) 1.76 (1.62) 1.28 (0.59) 1.93 (203) 1.59 (1.29) 
108 1.63 (1.39 140 (0.86) 1.04 (009) 1.94 (107) 1.79 (1.66) 1.30 (0.62) 1.98 (212) 1.63 (1.36) 
111 1.66 (1.40) 1.43 (0.92) 1.07 (0.14) 1.98 (213) 182 (1.70) 1.33 (0.67) 2.03 (220) 1.68 (1.44) 
114 1.70 (1.46) 1.47 (0.98) 1.09 (018) 2.01 (117) 1.86 (1.77) 1.35 (0.70) 2.08 (228) 1.72 (1.50) 
117 1.72(1.49) 1.49(1.02) 1.11(0.22) 204(120) 1.90(1.82) 1.37(0.73) 113(239 1.75(1.56) 
120 1.75 (1.54) 1.52 (1.06) 1.13 (0.26) 207 (224) 1.94 (1.87) 1.39 (0.76) 2.18 (243) 1.79 (1.62) 

AVS 1.07(020) 0.94 (-0.22) 0.79 (-0.67) 1.20(0.61) 1.13(0.38) 0.96 (-0.14) 1.21(063) 1.02(0.09 
AVM 1.17(042) 1.02 (-0.01) 0.82 (-0.53) 1.34(0.91) 1.26(0.69 1.02(0.02) 1.34(0.91) 1.13(0.30) 
AVL 1.28(0.65) 1.12(022) 0.88 (-0.38) 1.49(1.20) 1.39(0.91) 1.09(0.17) 1.50(1.22) 1.25(057) 
MNS 1.00 (-0.01) 0.89 (-0.40) 0.75 (-0.83) 1.07(0.27) 1.04(0.19 0.91 (-0.31) 1.10(038) 0.95 (-0.16) 
MNM 1.00 (-0.01) 0.89 (-0.40) 0.75 (-0.83) 1.07(0.27) 1.04(0.15) 0.91 (-0.31) 1.10(038) 0.95 (-0.16) 
MNL 1.00 (-0.01) 0.89 (-0.40) 0.75 (-0.83) 1.07(0.27) 1.04(0.19 0-91 (-0.31) 1.10(038) 0.95 (-0.16) 

arithmetic means of the relevant measures (either variance ratios or t values) for the horizons between 25 months and 72 months, 
between 25 months and 96 months, and between 25 months and 120 months. MNS, MNM, and MNL are respectively the minima of the 
relevant measures (either variance ratios or t values) for the horizons between 25 months and 72 months, between 25 months and 96 
months, and between 25 months and 120 months. The variance of monthly observations is the base variance for calculating variance ratios 
(see equation 4.2 of this dissertation). Variance ratio t values are based on equation (B.19) of this dissertation, which is developed by Lo 
and MacKinlay (1988) under the assumption that random variables of interest are serially uncorrelated and heteroscedasticaUy distributed. 
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Table 4.12 
Variance Ratios and Their t Values for Value-weighted Excess 

Returns of the June-1945 Crawl Forward Size Portfolios 
of NYSE Stocks from June 1951 to December 1996 

CBl CB2 CB3 CB4 CB5 CB6 CB7 CB8 CB9 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

v.r. t 
1.16 (294) 
1.19 (240) 
1.20 (203) 
1.21 (1.78) 
1.19 (1.45) 
1.18 (1.23) 
1.16 (1.04) 
1.15 (0.90) 
1.15 (0.84) 
1.15 (0.82) 
1.16 (0.82) 

1.18 (0.82) 
1.15 (0.64) 
1.11 (0.44) 
1.08 (0.28) 
1.02 (0.07) 
0.99 (-0.02) 
0.97 (-0.10) 
0.93 (-0.20) 
0.90 (-0.28) 
0.88 (-0.33) 
0.85 (-0.39) 
0.82 (-0.46) 

0.80 (-0.49) 
0.81 (-0.46) 
0.83 (-0.40) 
0.84 (-0.37) 
0.84 (-0.36) 
0.85 (-0.33) 
0.85 (-0.32) 
0.86 (-0.29) 
0.86 (-0.29) 
0.87 (-0.27) 
0.87 (-0.26) 
0.88 (-0.24) 

0.89 (-0.22) 
0.89 (-0.22) 
0.89 (-0.21) 
0.89 (-0.20) 
0.90 (-0.19) 
0.89 (-0.19) 
0.88 (-021) 
0.87 (-023) 
0.85 (-029 
0.83 (-029) 
0.80 (-034) 
0.77 (-039) 

0.88 (-0.29) 
0.88 (-0.27) 
0.87 (-0.27) 
0.80 (-0.49) 
0.80 (-0.49) 
0.77 (-0.49) 

v.r. t 
1.07 (1.41) 
1.09 (1.24) 
1.10 (1.19) 
1.11 (1.04) 
1.11 (0.98) 
1.12 (0.98) 
1.11 (0.84) 
1.09 (0.61) 
1.07 (0.46) 
1.06 (0.37) 
1.06 ( 0 3 9 

1.06 (033) 
1.04 (0.20) 
0.98 (-0.07) 
0.90 (-0.41) 
0.82 (-0.68) 
0.77 (-0.82) 
0.72 (-0.97) 
0.67 (-1.08) 
0.66 (-1.09) 
0.65 (-1.06) 
0.64 (-1.06) 
0.62 (-1.07) 

0.63 (-1.01) 
0.66 (-0.92) 
0.68 (-0.83) 
0.69 (-0.78) 
0.71 (-0.72) 
0.72 (-0.68) 
0.71 (-0.68) 
0.70 (-0.70) 
0.68 (-0.74) 
0.65 (-0.78) 
0.63 (-0.82) 
0.60 (-0.89 

0.59 (-0.87) 
0.57 (-0.89) 
0.55 (-0.91) 
0.54 (-0.92) 
0.53 (-0.93) 
0.52 (-0.94) 
0.50 (-0.99 
0.49 (-0.97) 
0.48 (-0.96) 
0.48 (-0.96) 
0.47 (-0.96) 
0.47 (-0.99 

0.70 (-0.88) 
0.67 (-0.87) 
0.62 (-0.89) 
0.62 (-1.10) 
0.54 (-1.10) 
0.47 (-1.10) 

v.r. t 
0.99 (-0.12) 
0.95 (-0.67) 
0.89 (-1.07) 
0.88 (-1.04) 
0.90 (-0.79) 
0.90 (-0.66) 
0.89 (-0.70) 
0.86 (-0.87) 
0.82 (-1.02) 
0.79 (-1.12) 
0.77 (-1.19) 

0.71 (-1.36) 
0.67 (-1.40) 
0.65 (-1.39) 
0.61 (-1.44) 
0.58 (-1.49) 
0.55 (-1.52) 
0.54 (-1.49) 
0.53 (-1.46) 
0.52 (-1.43) 
0.50 (-1.44) 
0.47 (-1.47) 
0.45 (-1.48) 

0.46 (-1.41) 
0.48 (-1.32) 
0.51 (-1.23) 
0.52 (-1.17) 
0.52 (-1.13) 
0.53 (-1.09) 
0.53 (-1.07) 
0.53 (-1.04) 
0.53 (-1.03) 
0.51 (-1.04) 
0.51 (-1.04) 
0.50 (-1.03) 

0.50 (-1.01) 
0.49 (-1.01) 
0.48 (-1.02) 
0.47 (-1.02) 
0.48 (-0.99) 
0.48 (-0.98) 
0.49 (-0.99 
0.50 (-0.92) 
0.51 (-0.89) 
0.51 (-0.87) 
0.51 (-0.87) 
0.50 (-0.87) 

0.51 (-1.34) 
0.51 (-1.23) 
0.51 (-1.19 
0.45 (-1.52) 
0.45 (-1.52) 
0.45 (-1J2) 

v.r. t 
1.04 (0.92) 
1.07 (0.95) 
1.11 (1.12) 
1.12 (1.08) 
1.12 (0.99) 
1.12 (0.89) 
1.09 (0.63) 
1.05 (0.33) 
1.03 (0.17) 
1.00 (0.02) 
0.99 (-0.07) 

0.98 (-0.11) 
0.98 (-0.09) 
0.95 (-0.19) 
0.91 (-0.36) 
0.87 (-0.47) 
0.85 (-0.53) 
0.83 (-0.58) 
0.79 (-0.66) 
0.77 (-0.71) 
0.75 (-0.76) 
0.71 (-0.84) 
0.67 (-0.93) 

0.64 (-0.97) 
0.64 (-0.96) 
0.63 (-0.96) 
0.61 (-0.98) 
0.59 (-1.01) 
0.57 (-1.02) 
0.56 (-1.04) 
0.53 (-1.08) 
0.51 (-1.11) 
0.49 (-1.13) 
0.49 (-1.12) 
0.49 (-1.10) 

0.48 (-1.09) 
0.48 (-1.08) 
0.47 (-1.08) 
0.47(1.06) 
0.47 (-1.04) 
0.48 (-1.01) 
0.48 (-0.99) 
0.48 (-0.98) 
0.48 (-0.96) 
0.49 (-0.94) 
0.50 (-0.91) 
0.50 (-0.89) 

0.70 (-0.83) 
0.63 (-0.92) 
0.59 (-0.93) 
0.53 (-1.08) 
0.47 (-1.13) 
0.47 (-1.13) 

v.r. t 
1.03 (0.66) 
1.07 (0.99) 
1.09 (1.00) 
1.10 (0.99 
1.13 (1.11) 
1.17 (1.26) 
1.17 (1.17) 
1.17 (1.10) 
1.17 (1.09 
1.16 (0.94) 
1.15 (0.86) 

1.14 (0.69) 
1.13 (0.61) 
1.10 (0.41) 
1.05 (0.19) 
0.98 (-0.07) 
0.93 (-0.23) 
0.90 (-0.34) 
0.87 (-0.42) 
0.86 (-0.44) 
0.83 (-0.50) 
0.80 (-0.58) 
0.78 (-0.62) 

0.78 (-0.60) 
0.79 (-0.59 
0.80 (-0.51) 
0.80 (-050) 
0.79 (-0.52) 
0.77 (-0.59 
0.75 (-0.59) 
0.72 (-0.63) 
0.69 (-0.69) 
0.67 (-0.73) 
0.65 (-0.79 
0.64 (-0.79 

0.64 (-0.79 
0.62 (-0.77) 
0.61 (-0.78) 
0.60 (-0.79) 
0.61 (-0.77) 
0.60 (-0.77) 
0.60 (-0.77) 
0.59 (-0.77) 
0.59 (-0.77) 
0.58 (-0.77) 
0.57 (-0.77) 
0.57 (-0.76) 

0.83 (-0.46) 
0.77 (-0.56) 
0.72 (-0.61) 
0.72 (-0.63) 
0.60 (-0.79) 
0.57 (-0.79) 

v.r. t 
1.01 (0.26) 
1.07 (1.00) 
1.10 (1.21) 
1.12 (1.17) 
1.14 (1.25) 
1.15 (1.19) 
1.14 (1.04) 
1.14 (0.94) 
1.13 (0.83) 
1.12 (0.70) 
1.11 (0.60) 

1.08 (0.40) 
1.07 (0.30) 
1.02 (0.07) 
0.94 (-0.22) 
0.89 (-0.41) 
0.86 (-0.48) 
0.83 (-0.59 
0.80 (-0.64) 
0.78 (-0.68) 
0.74 (-0.79 
0.69 (-0.89) 
0.62 (-1.04) 

0.57 (-1.14) 
0.55 (-1.18) 
0.53 (-1.19) 
0.51 (-1.20) 
0.50 (-1.20) 
0.50 (-1.18) 
0.50 (-1.16) 
0.49 (-1.19 
0.47 (-1.18) 
0.46 (-1.19) 
0.44 (-1.20) 
0.43 (-1.21) 

0.42 (-1.21) 
0.39 (-1.24) 
0.37 (-1.26) 
0.37 (-1.29 
0.37 (-1.23) 
0.37 (-1.22) 
0.36 (-1.21) 
0.35 (-1.21) 
0.35 (-1.20) 
0.36 (-1.17) 
0.35 (-1.17) 
0.35 (-1.16) 

0.66 (-0.91) 
0.58 (-1.01) 
0.52 (-1.06) 
0.49 (-1.20) 
0.37 (-1.26) 
0.35 (-1.26) 

v.r. t 
1.08 (1.50) 
1.10 (1.26) 
1.06 (0.64) 
1.04 (0.39 
1.04 (0.31) 
1.05 (0.33) 
1.04 (0.24) 
1.02 (0.10) 
0.99 (-0.03) 
0.99 (-0.06) 
0.98 (-0.09) 

1.01 (0.03) 
1.00 (-0.02) 
0.96 (-0.19 
0.93 (-0.26) 
0.92 (-0.29) 
0.91 (-0.31) 
0.90 (-0.30) 
0.89 (-0.33) 
0.90 (-0.29) 
0.89 (-0.30) 
0.89 (-0.31) 
0.87 (-0.39 

0.87 (-0.32) 
0.89 (-0.28) 
0.90 (-0.23) 
0.91 (-0.20) 
0.92 (-0.18) 
0.93 (-0.17) 
0.93 (-0.16) 
0.92 (-0.17) 
0.91 (-0.18) 
0.91 (-0.19) 
0.90 (-0.20) 
0.90 (-0.20) 

0.90 (-0.20) 
0.89 (-0.21) 
0.88 (-0.23) 
0.86 (-0.26) 
0.84 (-0.29) 
0.82 (-0.33) 
0.79 (-0.38) 
0.76 (-0.42) 
0.74 (-0.46) 
0.73 (-0.47) 
0.71 (-050) 
0.69 (-053) 

0.90 (-0.26) 
0.90 (-0.24) 
0.87 (-0.29) 
0.87 (-0.39 
0.86 (-0.39 
0.69 (-0.53) 

v.r. t 
1.10 (213) 
1.11 (1.59) 
1.12 (1.30) 
1.12 (1.11) 
1.13 (1.10) 
1.14 (1.10) 
1.14 (0.98) 
1.12 (0.83) 
1.10 (0.64) 
1.09 (0.54) 
1.09 (051) 

1.09 (0.44) 
1.08 (036) 
1.04 (017) 
0.97 (-0.11) 
0.92 (-0.28) 
0.89 (-0.37) 
0.88 (-0.41) 
0.86 (-0.49 
0.86 (-0.44) 
0.84 (-0.48) 
0.80 (-0.57) 
0.77 (-0.64) 

0.76 (-0.66) 
0.77 (-0.63) 
0.78 (-0.58) 
0.78 (-0 55) 
0.79 (-0.52) 
0.80 (-0.49) 
0.79 (-0.49) 
0.78 (-0.51) 
0.75 (-0.58) 
0.72 (-0.62) 
0.71 (-0.63) 
0.70 (-0.66) 

0.68 (-0.68) 
0.66 (-0.71) 
0.64 (-0.74) 
0.63 (-0.79 
0.62 (-0.76) 
0.60 (-0.78) 
0.60 (-0.78) 
0.60 (-0.77) 
0.60 (-0.79 
0.61 (-0.73) 
0.61 (-0.72) 
0.61 (-0.71) 

0.82 (-050) 
0.78 (-0.59 
0.74 (-0.60) 
0.76 (-0.66) 
0.63 (-0.79 
0.60 (-0.78) 

v.r. t 
1.12 (224) 
1.16 (109) 
1.19 (1.94) 
1.20 (1.80) 
1.23 (1.78) 
1.23 (1.65) 
1.22 (1.50) 
1.21 (1.30) 
1.20 (1.16) 
1.19 (1.05) 
1.18 (0.99) 

1.18 (0.87) 
1.16 (0.72) 
1.12 (0.49) 
1.06 (0.21) 
1.00 (0.01) 
0.97 (-0.10) 
0.94 (-0.18) 
0.92 (-0.26) 
0.89 (-0.32) 
0.86 (-0.41) 
0.82 (-0.51) 
0.78 (-0.62) 

0.75 (-0.66) 
0.76 (-0.63) 
0.75 (-0.62) 
0.76 (-0.60) 
0.76 (-0.58) 
0.76 (-056) 
0.75 (-0.57) 
0.72 (-0.63) 
0.68 (-0.71) 
0.65 (-0.79 
0.64 (-0.77) 
0.62 (-0.79) 

0.62 (-0.79) 
0.60 (-0.80) 
0.59 (-0.82) 
0.59 (-0.81) 
0.59 (-0.80) 
0.59 (-0.79) 
0.59 (-0.77) 
0.60 (-0.79 
0.61 (-0.72) 
0.62 (-0.69) 
0.62 (-0.68) 
0.62 (-0.66) 

0.83 (-0.44) 
0.76 (-0.59 
0.72 (-0.60) 
0.72 (-0.66) 
0.59 (-0.82) 
0.59 (-0.82) 

Monthh/exceas return is the difference between n » n ^ CBi i , , h e Uh c«wl forward size 
ranked portfolio. The CB portfoUos are formed by evenly dividing the NYSE stocks existing at theendof ... (continued on next page) 
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Table 4.12 (continued) 
CB10 CBll CB12 CB13 CB14 CB15 CB16 CB17 CB18 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

v.r. t 
1.06 (1.39) 
1.06 (0.83) 
1.06 (0.71) 
1.07 (0.70) 
1.10 (0.83) 
1.10 (0.81) 
1.10 (0.69) 
1.07 (0.49) 
1.05 (0.33) 
1.05 (0.29) 
1.05 (0.27) 

1.05 (023) 
1.02 (0.07) 
0.97 (-0.13) 
0.91 (-0.39 
0.85 (-0.54) 
0.82 (-0.62) 
0.79 (-0.68) 
0.77 (-0.72) 
0.75 (-0.74) 
0.73 (-0.77) 
0.71 (-0.82) 
0.68 (-0.88) 

0.66 (-0.89) 
0.68 (-0.83) 
0.69 (-0.78) 
0.69 (-0.79 
0.69 (-0.73) 
0.70 (-0.70) 
0.70 (-0.68) 
0.70 (-0.67) 
0.69 (-0.68) 
0.68 (-0.68) 
0.68 (-0.68) 
0.67 (-0.68) 

0.67 (-0.67) 
0.66 (-0.68) 
0.65 (-0.69) 
0.65 (-0.68) 
0.66 (-0.69 
0.67 (-0.63) 
0.67 (-0.62) 
0.67 (-0.61) 
0.67 (-059) 
0.67 (-059) 
0.66 (-0.60) 
0.65 (-0.61) 

0.73 (-0.73) 
0.71 (-0.71) 
0.70 (-0.69) 
0.66 (-0.89) 
0.65 (-0.89) 
0.65 (-0.89) 

v.r. t 
1.01 (0.32) 
1.01 (0.08) 
1.01 (0.17) 
1.03 (0.29) 
1.05 (0.47) 
1.07 (0.56) 
1.08 (0.61) 
1.07 (0.50) 
1.07 (0.43) 
1.06 (0.38) 
1.06 (0.39 

1.05 (029 
1.02 (0.08) 
0.97 (-0.14) 
0.92 (-0.32) 
0.89 (-0.42) 
0.87 (-0.49 
0.86 (-0.49) 
0.84 (-0J3) 
0.83 (-0.53) 
0.81 (-0.58) 
0.77 (-0.68) 
0.73 (-0.78) 

0.70 (-0.83) 
0.70 (-0.81) 
0.71 (-0.77) 
0.72 (-0.73) 
0.73 (-0.68) 
0.74 (-0.69 
0.74 (-0.63) 
0.74 (-0.62) 
0.73 (-0.62) 
0.73 (-0.61) 
0.74 (-058) 
0.75 (-0.54) 

0.76 (-0 51) 
0.77 (-050) 
0.77 (-0.48) 
0.77 (-0.47) 
0.78 (-0.46) 
0.78 (-0.44) 
0.79 (-0.41) 
0.79 (-0.40) 
0.80 (-0.39) 
0.80 (-0.37) 
0.80 (-0.37) 
0.79 (-0.39) 

0.78 (-0.63) 
0.77 (-0.60) 
0.77 (-059 
0.70 (-0.83) 
0.70 00.83) 
0.70 (-0.83) 

v.r. t 
1.05 (1.22) 
1.07 (1.07) 
1.06 (0.75) 
1.06 (0.66) 
1.08 (0.70) 
1.09 (0.72) 
1.07 (0.55) 
1.06 (0.39) 
1.04 (0.28) 
1.04 (0.23) 
1.04 (0.21) 

1.02 (0.12) 
1.00 (0.02) 
0.95 (-0.20) 
0.90 (-0.39) 
0.87 (-0.50) 
0.83 (-0.60) 
0.79 (-0.73) 
0.75 (-0.81) 
0.73 (-0.89 
0.72 (-0.87) 
0.70 (-0.90) 
0.67 (-0.94) 

0.67 (-0.92) 
0.68 (-0.87) 
0.69 (-0.81) 
0.70 (-0.77) 
0.70 (-0.79 
0.70 (-0.73) 
0.70 (-0.72) 
0.70 (-0.71) 
0.69 (-0.72) 
0.67 (-0.74) 
0.66 (-0.79 
0.65 (-0.76) 

0.64 (-0.78) 
0.62 (-0.80) 
0.60 (-0.82) 
0.60 (-0.82) 
0.60 (-0.80) 
0.60 (-0.79) 
0.60 (-0.77) 
0.61 (-0.79 
0.62 (-0.73) 
0.62 (-0.71) 
0.62 (-0.70) 
0.63 (-0.68) 

0.73 (-0.77) 
0.70 (-0.77) 
0.68 (-0.77) 
0.67 (-0.99 
0.60 (-0.99 
0.60 (-0.99 

v.r. t 
1.07 (1.45) 
1.10 (1.44) 
1.11 (1.20) 
1.14 (1.33) 
1.18 (1.51) 
1.20 (1.54) 
1.21 (1.49) 
1.22 (1.42) 
1.23 (1.40) 
1.24 (1.37) 
1.25 (1.35) 

1.27 (1.32) 
1.27 (1.20) 
1.25 (1.02) 
1.21 (0.80) 
1.17 (0.60) 
1.15 (0.50) 
1.14 (0.44) 
1.12 (0.35) 
1.11 (0.32) 
1.09 (0.27) 
1.08 (0.22) 
1.06 (0.16) 

1.06 (0.16) 
1.09 (0.23) 
1.13 (0.31) 
1.16 (0.38) 
1.18 (0.43) 
1.21 (0.47) 
1.23 (0.51) 
1.23 (0.52) 
1.24 (0.52) 
1.25 (0.52) 
1.25 (0.53) 
1.26 (0.54) 

1.28 (0.56) 
1.28 (0.56) 
1.28 (0.59 
1.29 (0.56) 
1.30 (0.56) 
1.30 (0.56) 
1.30 (0.56) 
1.31 (0.56) 
1.32 (0.57) 
1.31 (0.55) 
1.30 (0.53) 
1.30 (0.52) 

1.14 (0.37) 
1.18 (0.43) 
1.21 (0.46) 
1.06 (0.19 
1.06 (0.19 
1.06 (0.19 

v.r. t 
1.03 (0.76) 
1.00 (0.00) 
0.99 (-0.16) 
1.01 (0.07) 
1.05 (0.46) 
1.09 (0.69) 
1.11 (0.81) 
1.11 (0.76) 
1.12 (0.74) 
1.13 (0.76) 
1.14 (0.79) 

1.15 (0.78) 
1.14 (0.66) 
1.12 (0.51) 
1.08 (0.33) 
1.04 (0.13) 
1.02 (0.06) 
1.01 (0.02) 
1.00 (0.00) 
0.99 (-0.02) 
0.99 (-0.03) 
0.99 (-0.04) 
0.99 (-0.04) 

0.99 (-0.03) 
1.02 (0.04) 
1.04 (0.10) 
1.06 (0.14) 
1.07 (0.17) 
1.09 (0.21) 
1.11 (0.26) 
1.13 (0.31) 
1.15 (0.39 
1.17 (0.38) 
1.19 (0.41) 
1.21 (0.49 

1.22 (0.47) 
1.23 (0.47) 
1.23 (0.47) 
1.24 (0.48) 
1.25 (0.49) 
1.25 (0.50) 
1.26 (0.51) 
1.27 (0.51) 
1.27 (0.52) 
1.29 (0.53) 
1.29 (0.54) 
1.31 (0.56) 

1.03 (0.08) 
1.09 (0.20) 
1.13 (0.28) 
0.99 (-0.04) 
0.99 (-0.04) 
0.99 (-0.04) 

v.r. t 
1.11 (155) 
1.15 (124) 
1.17 (1.93) 
1.19 (1.82) 
1.23 (1.94) 
124 (1.90) 
125 (1.83) 
1.25 (1.66) 
1.23 (1.49) 
1.23 (1.37) 
1.22 (1.28) 

1.23 (1.16) 
1.22 (1.00) 
1.18 (0.77) 
1.12 (0.48) 
1.07 (0.26) 
1.04 (0.19 
1.02 (0.09 
0.99 (-0.02) 
0.98 (-0.09 
0.97 (-0.09) 
0.94 (-0.17) 
0.91 (-0.29 

0.89 (-0.29) 
0.90 (-0.27) 
0.91 (-023) 
0.93 (-0.19) 
0.94 (-0.19 
0.94 (-0.14) 
0.94 (-0.13) 
0.94 (-0.19 
0.92 (-0.19) 
0.89 (-0.23) 
0.88 (-0.29 
0.87 (-0.27) 

0.86 (-0.29) 
0.84 (-0.32) 
0.83 (-0.39 
0.83 (-0.39 
0.82 (-0.39 
0.81 (-0.36) 
0.81 (-0.36) 
0.81 (-0.36) 
0.81 (-0.34) 
0.83 (-0.32) 
0.83 (-0.31) 
0.83 (-0.30) 

0.96 (-0.09) 
0.93 (-0.19 
0.90 (-0.20) 
0.89 (-029) 
0.83 (-0.39 
0.81 (-0.36) 

v.r. t 
1.10 (1.62) 
1.07 (0.78) 
1.01 (0.09) 
0.97 (-0.24) 
0.96 (-0.30) 
0.96 (-0.27) 
0.94 (-0.33) 
0.94 (-0.39 
0.92 (-0.40) 
0.92 (-0.40) 
0.93 (-0.39 
0.95 (-0.23) 
0.96 (-0.17) 
0.97 (-0.13) 
0.95 (-0.18) 
0.92 (-0.26) 
0.92 (-0.29 
0.91 (-0.29) 
0.88 (-0.34) 
0.88 (-0.39 
0.87 (-0.39 
0.86 (-0.37) 
0.84 (-0.41) 

0.84 (-0.42) 
0.85 (-0.37) 
0.86 (-0.39 
0.86 (-0.34) 
0.85 (-0.34) 
0.86 (-0.31) 
0.88 (-0.28) 
0.89 (-0.29 
0.89 (-0.24) 
0.90 (-0.21) 
0.91 (-0.18) 
0.93 (-0.14) 

0.96 (-0.09) 
0.98 (-0.04) 
1.00 (-0.01) 
1.02 (0.04) 
1.05 (0.09) 
1.08 (0.19 
1.11 (0.21) 
1.14 (026) 
1.16 (0.29) 
1.19 (034) 
1.22 (0.38) 
1.25 (0.44) 

0.87 (-0.33) 
0.90 (-0.26) 
0.96 (-0.13) 
0.84 (-0.42) 
0.84 (-0.42) 
0.84 (-0.42) 

v.r. t 
1.07 (1.61) 
1.10 (1.45) 
1.11 (1.37) 
1.13 (1.34) 
1.15 (1.38) 
1.15 (1.19) 
1.13 (0.93) 
1.10 (0.66) 
1.07 (0.48) 
1.05 (0.32) 
1.04 (0.23) 

1.00 (-0.01) 
0.95 (-0.26) 
0.88 (-0.51) 
0.80 (-0.80) 
0.74 (-0.99) 
0.69 (-1.11) 
0.64 (-1.22) 
0.60 (-1.29) 
0.58 (-1.32) 
0.55 (-1.36) 
0.51 (-1.44) 
0.47 (-1.51) 

0.45 (-1.52) 
0.46 (-1.46) 
0.47 (-1.39) 
0.48 (-1.32) 
0.50 (-1.24) 
0.52 (-1.18) 
0.52 (-1.19 
0.53 (-1.11) 
0.53 (-1.08) 
0.54 (-1.04) 
0.55 (-0.99) 
0.57 (-0.93) 

0.59 (-0.88) 
0.59 (-0.86) 
0.58 (-0.86) 
0.59 (-0.83) 
0.60(0.80) 
0.60 (-0.78) 
0.61 (-0.76) 
0.61 (-0.79 
0.61 (-0.74) 
0.62 (-0.72) 
0.62 (-0.71) 
0.62 (-0.69) 

0.55 (-1.28) 
0.55 (-1.17) 
0.57 (-1.06) 
0.45 (-1.53) 
0.45 (-1.53) 
0.45 (-1.53) 

v.r. t 
1.07 (1.52) 
1.08 (1.16) 
1.06 (0.67) 
1.06 (0.58) 
1.07 (0.59) 
1.07 (0.56) 
1.06 (0.44) 
1.05 (0.34) 
1.04 (0.27) 
1.03 (0.20) 
1.02 (0.14) 

0.99 (-0.09 
0.96 (-0.17) 
0.93 (-0.31) 
0.87 (-0.53) 
0.84 (-0.60) 
0.83 (-0.60) 
0.82 (-0.60) 
0.82 (-058) 
0.82 (-0.59 
0.82 (-054) 
0.81 (-0.56) 
0.80 (-057) 

0.80 (-0.59 
0.81 (-0.49) 
0.83 (-0.43) 
0.85 (-0.36) 
0.87 (-0.31) 
0.88 (-0.29) 
0.88 (-0.27) 
0.89 (-0.26) 
0.87 (-0.30) 
0.85 (-0.32) 
0.85 (-0.32) 
0.85 (-0.31) 

0.85 (-0.31) 
0.84 (-0.32) 
0.83 (-0.39 
0.83 (-0.34) 
0.83 (-0.33) 
0.83 (-0.32) 
0.84 (-0.31) 
0.84 (-0.31) 
0.84 (-0.30) 
0.84 (-0.29) 
0.84 (-0.29) 
0.84 (-0.28) 

0.83 (-0.48) 
0.84 (-0.43) 
0.84 (-0.40) 
0.79 (-0.61) 
0.79 (-0.61) 
0.79 (-0.61) 

June of 1945 into 25 groups according to the ranks of the individual firm historical average size (market equity) measures at the end of 
June of 1945 (see equation 3.19 of this dissertation). MCB is the market portfolio which consists of the stocks in the 25 CB portfolios. 
Q is the return horizon ranging from 2 months to 120 months. Variance ratios are those in the column denoted by Vr." Numbers inside 

parentheses in the column denoted by "t" are variance ratio* values. If the absolute value of a t value is greater than 1.96, the variance 
ratio is rignificantly different from one at the 5 percent level. AVS, AVM. and AVL are respectively the ... (continued on next page) 
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Table 4.12 (continued) 

Q 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
H I 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

CB19 

v.r. t 
1.00 (0.09) 
1.02 (0.23) 
1.01 (0.08) 
1.02 (0.17) 
1.05 (0.39) 
1.06 (0.48) 
1.07 (0.48) 
1.07 (0.48) 
1.07 (0.49 
1.06 (0.38) 
1.05 (0.31) 

1.05 (0.24) 
1.03 (0.14) 
0.99 (-0.04) 
0.92 (-0.32) 
0.85 (-0.59 
0.82 (-0.64) 
0.80 (-0.70) 
0.77 (-0.79 
0.76 (-0.77) 
0.72 (-0.89 
0.69 (-0.91) 
0.67 (-0.96) 

0.67 (-0.94) 
0.69 (-0.89 
0.72 (-0.74) 
0.75 (-0.64) 
0.77 (-0.58) 
0.79 (-0.52) 
0.81 (-0.46) 
0.83 (-0.41) 
0.83 (-0.39) 
0.84 (-0.37) 
0.86 (-0.32) 
0.87 (-0.28) 

0.89 (-0.29 
0.89 (-0.24) 
0.89 (-0.24) 
0.89 (-0.22) 
0.90 (-0.20) 
0.91 (-0.19) 
0.92 (-0.17) 
0.93 (-0.13) 
0.95 (-0.10) 
0.97 (-0.06) 
0.98 (-0.03) 
1.00 (0.00) 

0.76 (-0.70) 
0.80 (-057) 
0.83 (-0.49 
0.66 (-0.96) 
0.66 (-0.96) 
0.66 (-0.96) 

CB20 

v.r. t 
1.03 (0.51) 
1.02 (0.30) 
1.02 (0.18) 
1.02 (0.19) 
1.06 (0.51) 
1.07 (0.55) 
1.08 (0.54) 
1.08 (0.51) 
1.07 (0.42) 
1.06 (0.36) 
106 (0.32) 

1.04 (0.21) 
1.02 (0.09) 
0.98 (-0.08) 
0.93 (-0.26) 
0.87 (-0.47) 
0.83 (-0.58) 
0.81 (-0.64) 
0.80 (-0.69 
0.79 (-0.64) 
0.78 (-0.66) 
0.77 (-0.69 
0.77 (-0.63) 

0.79 (-0.58) 
0.82 (-0.46) 
0.86 (-0.39 
0.90 (-0.24) 
0.94 (-0.19 
0.97 (-0.06) 
1.01 (0.03) 
1.05 (0.12) 
1.08 (0.19) 
1.11 (0.24) 
1.14 (0.30) 
1.17 (0.37) 

1.20 (0.43) 
1.22 (0.46) 
1.24 (0.49) 
1.26 (0.53) 
1.29 (0.58) 
1.31 (061) 
1.34 (0.65) 
1.37 (0.70) 
1.39 (0.74) 
1.43 (0.80) 
1.46 (083) 
1.49 (0.88) 

0.86 (-0.42) 
0.96 (-0.16) 
1.07 (0.06) 
0.77 (-0.66) 
0.77 (-0.66) 
0.77 (-0.66) 

CB21 

v.r. t 
1.06 (1.39) 
1.05 (0.74) 
1.02 (0.25) 
1.03 (0.30) 
1.06 (0.50) 
1.07 (0.53) 
1.07 (0.52) 
1.09 (0.58) 
1.11 (0.70) 
1.13 (0.80) 
1.15 (0.86) 

1.18 (0.92) 
1.17 (0.79) 
1.15 (0.65) 
1.11 (0.44) 
1.08 (0.31) 
1.10 (0.39 
1.11 (0.36) 
1.11 (0.36) 
1.13 (0.39) 
1.14 (0.41) 
1.15 (0.44) 
1.17 (0.48) 

1.20 (0.54) 
1.26 (0.68) 
1.33 (0.84) 
1.39 (0.99) 
1.45 (1.12) 
1.51 (1.23) 
1.57 (1.34) 
1.63 (1.44) 
1.67 (1.52) 
1.72 (1.60) 
1.78 (1.69) 
1.84 (1.79) 

1.90 (1.90) 
1.96 (1.98) 
2.00 (209 
2.06 (213) 
2.11 (220) 
2.15 (226) 
2.20 (232) 
225(237) 
229 (242) 
2.34 (249) 
239 (259 
244 (261) 

1.26 (0.68) 
1.45 (1.06) 
1.66 (1.39) 
1.08 (031) 
1.08 (0.31) 
1.08 (0.31) 

CB22 

v.r. t 
1.00 (-0.06) 
0.97 (-0.39) 
0.95 (-0.53) 
0.96 (-0.41) 
1.01 (0.05) 
1.03 (0.21) 
1.03 (0.19) 
1.02 (0.16) 
1.03 (0.18) 
1.03 (0.16) 
1.02 (0.09) 

0.99 (-0.06) 
0.94 (-0.30) 
0.86 (-0.57) 
0.77 (-0.89) 
0.70 (-1.10) 
0.66 (-1.18) 
0.64 (-1.22) 
0.61 (-1.24) 
0.60 (-1.29 
0.57 (-1.28) 
0.55 (-1.30) 
0.53 (-1.33) 

0.52 (-1.31) 
0.54 (-1.22) 
0.56 (-1.12) 
0.59 (-1.04) 
0.60 (-0.98) 
0.61 (-0.99 
0.61 (-0.92) 
0.61 (-0.90) 
0.59 (-0.93) 
0.57 (-0.94) 
0.57 (-0.94) 
0.57 (-0.92) 

0.56 (-0.92) 
0.56 (-0.92) 
0.55 (-0.92) 
0.55 (-0.90) 
0.56 (-0.86) 
0.57 (-0.84) 
0.58 (-0.81) 
0.59 (-0.78) 
0.59 (-0.76) 
0.60 (-0.73) 
0.61 (-0.71) 
0.62 (-0.68) 

0.60 (-1.19 
0.59 (-1.07) 
0.59 (-1.00) 
0.52 (-1.33) 
0.52 (-1.33) 
0.52 (-1.33) 

CB23 

v.r. t 
1.07 (1.44) 
1.08 (1.05) 
1.09 (0.92) 
1.11 (1.03) 
1.13 (1.06) 
1.13 (0.99) 
1.11 (0.81) 
1.10 (0.66) 
1.09 (0.60) 
1.09 (0.53) 
1.09 (0.50) 

1.08 (0.41) 
1.08 (0.38) 
1.09 (0.37) 
1.03 (0.13) 
1.00 (0.00) 
0.99 (-0.02) 
0.99 (-0.03) 
0.99 (-0.03) 
1.01 (0.02) 
1.00 (0.01) 
1.00 (-0.01) 
1.00 (-0.01) 

1.02 (0.09 
1.07 (0.18) 
1.11 (0.31) 
1.15 (0.39) 
1.18 (0.46) 
1.21 (0.52) 
1.23 (0.57) 
1.25 (0.61) 
1.26 (0.61) 
1.26 (0.60) 
1.27 (0.62) 
1.30 (0.66) 

1.31 (0.69) 
1.32 (0.69) 
1.32 (0.68) 
1.32 (0.67) 
1.33 (0.69) 
1.34 (0.70) 
1.35 (0.71) 
1.37 (0.73) 
1.38 (0.74) 
1.38 (0.73) 
1.37 (0.71) 
1.37 (0.69) 

1.07 (0.18) 
1.14 (0.34) 
1.20 (0.43) 
0.99 (-0.09 
0.99 (-0.09 
0.99 (-0.09 

CB24 

v.r. t 
0.98 (-0.46) 
0.93 (-0.86) 
0.92 (-0.84) 
0.92 (-0.66) 
0.97 (-0.22) 
0.99 (-0.06) 
1.00 (0.03) 
1.00 (0.03) 
0.99 (-0.03) 
0.99 (-0.04) 
0.99 (-0.06) 

0.97 (-0.12) 
0.95 (-0.21) 
0.91 (-0.39 
0.85 (-057) 
0.79 (-0.76) 
0.75 (-0.89 
0.72 (-0.89) 
0.71 (-0.91) 
0.70 (-0.91) 
0.69 (-0.90) 
0.68 (-0.89) 
0.68 (-0.87) 

0.69 (-0.82) 
0.72 (-0.71) 
0.76 (-0.62) 
0.78 (-059 
0.80 (-0.49) 
0.81 (-0.44) 
0.83 (-0.40) 
0.84 (-0.37) 
0.84 (-0.39 
0.85 (-0.33) 
0.86 (-0.31) 
0.87 (-0.28) 

0.87 (-0.26) 
0.87 (-0.26) 
0.87 (-0.26) 
0.88 (-0.24) 
0.89 (-0.21) 
0.90 (-0.18) 
0.92 (-0.16) 
0.93 (-0.14) 
0.94 (-0.11) 
0.95 (-0.09) 
0.95 (-0.08) 
0.% (-0.08) 

0.75 (-0.72) 
0.78 (-0.58) 
0.82 (-0.47) 
0.68 (-0.92) 
0.68 (-0.92) 
0.68 (-0.92) 

CB25 

v.r. t 
0.99 (-0.23) 
0.98 (-0.30) 
1.00 (-0.02) 
1.03 (0.23) 
1.10 (0.76) 
1.13 (0.94) 
1.15 (1.00) 
1.16 (1.00) 
1.18 (1.06) 
1.19 (1.08) 
1.20 (1.09) 

1.22 (1.09) 
1.21 (0.94) 
1.17 (0.69) 
1.11 (0.43) 
1.06 (0.23) 
1.04 (0.15) 
1.03 (0.09) 
1.01 (0.04) 
1.01 (0.03) 
1.01 (0.03) 
1.01 (0.03) 
1.01 (0.04) 

1.03 (0.07) 
1.06 (0.17) 
1.11 (0.27) 
1.14 (0.39 
1.17 (0.41) 
1.19 (0.45) 
1.20 (0.48) 
1.22 (0.52) 
1.22 (0.51) 
1.23 (0.53) 
1.26 (0.57) 
1.29 (0.62) 

1.31 (0.67) 
1.33 (0.70) 
1.35 (0.73) 
1.38 (0.78) 
1.41 (0.83) 
1.45 (0.89) 
1.48 (0.99 
1.53 (1.02) 
1.57 (1.09) 
1.62 (1.17) 
1.67 (1.29 
1.72 (1.32) 

1.08 (0.21) 
1.15 (0.39 
1.25 (052) 
1.01 (0.02) 
1.01 (0.02) 
1.01 (0.02) 

MCB 

v.r. t 
1.02 (0.46) 
1.02 (0.22) 
1.02 (0.22) 
1.04 (0.38) 
1.10 (0.78) 
1.12 (0.89) 
1.13 (0.87) 
1.13 (0.81) 
1.13 (0.77) 
1.13 (0.73) 
1.13 (0.69) 

1.12 (0.60) 
1.10 (0.42) 
1.04 (0.17) 
0.96 (-0.19 
0.89 (-0.40) 
0.86 (-0.50) 
0.83 (-057) 
0.80 (-0.63) 
0.79 (-0.64) 
0.78 (-0.66) 
0.76 (-0.68) 
0.75 (-0.69) 

0.76 (-0.69 
0.80 (-0.53) 
0.84 (-0.41) 
0.88 (-0.31) 
0.91 (-0.23) 
0.93 (-0.17) 
0.95 (-0.12) 
0.97 (-0.07) 
0.97 (-0.07) 
0.98 (-0.09 
0.99 (-0.01) 
1.02 (0.04) 

1.04 (0.08) 
1.05 (O10) 
1.05 (0.11) 
1.07 (019 
1.10 (0.19) 
1.12 (0.24) 
1.15 (0.29) 
1.18 (0.34) 
1.21 (0.39) 
1.24 (049 
1.26 (0.49) 
1.29 (0.53) 

0.84 (-0.46) 
0.90 (-0.29) 
0.97 (-0.13) 
0.75 (-0.69) 
0.75 (-0.69) 
0.75 (-0.69) 

arithmetic means of the relevant measures (either variance ratios or t values) for the horizons between 25 months and 72 months, 
between 25 months and 96 months, and between 25 months and 120 months. MNS, MNM, and MNL are respectively the minima of the 
relevant measures (either variance ratios or t values) for the horizons between 25 months and 72 months, between 25 months and % 
months and between 25 months and 120 months. The variance of monthly observations is the base variance for calculating variance ratios 
(see equation 4.2 of this dissertation). Variance ratio t values are based on equation (B.19) of this dissertation, which is developed by Lo 
and MacKinlay (1988) under the assumption that random variables of interest are serially uncorrelated and heteroscedasticaUy distributed. 
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Table 4.13 
Variance Ratios and Their t Values for Value-weighted Excess 

Returns of the June-1955 Crawl Forward Size Portfolios 
of NYSE Stocks from June 1961 to December 1996 

cci CC2 CC3 CC4 CC5 CC6 CC7 CC8 CC9 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

v.r. t 
1.16 (2.76) 
1.19 (123) 
1.20 (1.92) 
1.20 (1.65) 
1.18 (1.31) 
1.16 (1.04) 
1.13 (0.79) 
1.11 (0.61) 
1.09 (0.51) 
1.09 (0.48) 
1.10 (0.48) 

1.12 (0.55) 
1.12 (0.48) 
1.10 (0.38) 
1.08 (0.26) 
1.02 (0.08) 
1.01 (0.03) 
0.99 (-0.04) 
0.96 (-0.13) 
0.93 (-0.18) 
0.92 (-0.20) 
0.91 (-0.23) 
0.89 (-0.27) 

0.88 (-0.28) 
0.90 (-0.23) 
0.93 (-0.16) 
0.95 (-0.11) 
0.96 (-0.09) 
0.98 (-0.09 
0.99 (-0.03) 
1.00 (0.00) 
1.00 (0.00) 
1.00 (-0.01) 
0.99 (-0.02) 
1.00 (-0.01) 

1.01 (0.01) 
1.00 (0.00) 
1.00 (0.00) 
1.01 (0.02) 
1.03 (0.06) 
1.04 (0.07) 
1.04 (0.07) 
1.04 (0.06) 
1.03 (0.06) 
1.03 (0.04) 
1.00 (0.00) 
0.98 (-0.04) 

0.95 (-0.11) 
0.97 (-0.08) 
0.98 (-0.09 
0.88 (-0.28) 
0.88 (-0.28) 
0.88 (-0.28) 

v.r. 
1.15 
1.16 
1.15 
1.16 
1.17 
1.18 
1.18 
1.15 
1.14 
1.13 
1.14 

1.14 
1.13 
1.11 
1.08 
1.03 
0.98 
0.94 
0.90 
0.87 
0.83 
0.80 
0.77 

0.77 
0.79 
0.80 
0.79 
0.77 
0.76 
0.75 
0.74 
0.71 
0.69 
0.67 
0.66 

0.64 
0.61 
0.58 
0.56 
0.55 
0.54 
0.54 
0.52 
0.51 
0.50 
0.49 
0.49 

0.84 
0.77 
0.71 
0.74 
0.56 
0.49 

t 
286) 
1.98) 
1.46) 
1.30) 
1.27) 
1.21) 
1.10) 
P.89) 
0.78) 
0.69) 
0.69) 

060) 
0.54) 
0.42) 
0.28) 
0.09) 
0.09 
0.19) 
0.28) 

-0.36) 
0.44) 
0.52) 
0.57) 

0.56) 
0.51) 

-0.47) 
-0.48) 
0.50) 
0.52) 
0.53) 

-0.54) 
-0.58) 
-0.61) 
-0.63) 
-0.69 

0.68) 
0.72) 

-0.77) 
0.79) 
0.79) 

-0.80) 
-0.79) 
-0.81) 
-0.81) 
-0.82) 
0.83) 
0.83) 

0.39) 
0.48) 

-0.56) 
0.58) 

-0.79) 
-0.84) 

v.r. t 
0.99 (-0.09) 
1.00 (-0.06) 
1.02 (0.22) 
1.02 (0.17) 
0.99 (-0.11) 
0.97 (-0.21) 
0.93 (-0.42) 
0.88 (-0.69) 
0.84 (-0.83) 
0.81 (-0.99 
0.79 (-1.03) 
0.73 (-1.17) 
0.70 (-1.21) 
0.66 (-1.26) 
0.62 (-1.33) 
0.58 (-1.38) 
0.57 (-1.39 
0.56 (-1.32) 
0.54 (-1.31) 
0.52 (-1.31) 
0.53 (-1.26) 
0.51 (-1.26) 
0.49 (-1.27) 

0.48 (-1.26) 
0.48 (-1.22) 
0.48 (-1.20) 
0.47 (-1.19) 
0.44 (-1.22) 
0.43 (-1.22) 
0.42 (-1.22) 
0.39 (-1.29 
0.35 (-1.30) 
0.32 (-1.34) 
0.31 (-1.34) 
0.29 (-1.39 

0.28 (-1.34) 
0.28 (-1.32) 
0.28 (-1.30) 
0.28 (-1.28) 
0.30 (-1.24) 
0.31 (-1.20) 
0.32 (-1.16) 
0.33 (-1.13) 
0.33 (-1.11) 
0.34 (-1.09) 
0.34 (-1.07) 
0.35 (-1.04) 

0.50 (-1.27) 
0.43 (-1.29) 
0.41 (-1.29 
0.39 (-1.38) 
0.28 (-1.38) 
0.28 (-1.38) 

v.r. t 
1.02 (0.31) 
1.03 (0.33) 
1.02 (0.20) 
1.01 (0.07) 
1.03 (0.19) 
1.04 (0.27) 
1.03 (0.18) 
1.02 (0.14) 
1.02 (0.13) 
1.02 (0.09) 
1.01 (0.06) 

1.01 (0.06) 
1.03 (0.13) 
1.03 (0.11) 
1.01 (0.04) 
0.97 (-0.11) 
0.94 (-0.20) 
0.91 (-0.28) 
0.88 (-0.36) 
0.87 (-0.37) 
0.86 (-0.39) 
0.84 (-0.43) 
0.83 (-0.44) 

0.84 (-0.40) 
0.86 (-0.34) 
0.87 (-0.30) 
0.87 (-0.30) 
0.86 (-0.32) 
0.84 (-0.39 
0.83 (-0.37) 
0.81 (-0.40) 
0.79 (-0.44) 
0.77 (-0.47) 
0.76 (-0.48) 
0.76 (-0.48) 

0.76 (-0.47) 
0.75 (-0.48) 
0.75 (-0.47) 
0.76 (-0.44) 
0.78 (-0.40) 
0.80 (-0.36) 
0.82 (-0.33) 
0.82 (-0.31) 
0.82 (-0.31) 
0.83 (-0.30) 
0.83 (-0.29) 
0.84 (-0.26) 

0.87 (-0.33) 
0.84 (-0.37) 
0.83 (-0.36) 
0.81 (-0.44) 
0.75 (-0.48) 
0.75 (-0.48) 

v.r. t 
1.06 (1.14) 
1.06 (0.69) 
1.03 (0.31) 
1.03 (0.26) 
1.04 (0.30) 
1.04 (0.26) 
1.03 (0.19) 
0.99 (-0.04) 
0.% (-0.20) 
0.96 (-0.23) 
0.97 (-0.14) 
1.00 (0.01) 
1.02 (0.07) 
0.99 (-0.02) 
0.98 (-0.09) 
0.95 (-0.16) 
0.93 (-0.24) 
0.89 (-0.33) 
0.87 (-0.37) 
0.87 (-0.37) 
0.86 (-0.37) 
0.86 (-0.37) 
0.85 (-0.38) 

0.87 (-0.32) 
0.89 (-0.26) 
0.91 (-0.22) 
0.92 (-0.19) 
0.92(0.18) 
0.92 (-0.17) 
0.92(0.17) 
0.92 (-0.18) 
0.90 (-0.20) 
0.88 (-0.24) 
0.86 (-0.28) 
0.84 (-0.30) 

0.83 (-0.33) 
0.82 (-0.39 
0.80 (-0.36) 
0.80 (-0.36) 
0.82 (-0.33) 
0.83 (-0.31) 
0.83 (-0.29) 
0.83 (-0.30) 
0.82 (-0.31) 
0.82 (-0.30) 
0.82 (-0.30) 
0.82 (-0.29) 

0.90 (-0.27) 
0.88 (-0.27) 
0.87 (-0.28) 
0.85 (-0.38) 
0.80 (-0.38) 
0.80 (-0.38) 

v.r. t 
0.96 (-0.73) 
0.93 (-0.78) 
0.91 (-0.83) 
0.90 (-0.76) 
0.89 (-0.71) 
0.88 (-0.72) 
0.86 (-0.77) 
0.82 (-0.96) 
0.79 (-1.08) 
0.75 (-1.18) 
0.74 (-1.21) 

0.69 (-1.26) 
0.66 (-1.28) 
0.63 (-1.29) 
0.58 (-1.38) 
0.54 (-1.44) 
0.52 (-1.44) 
0.49 (-1.49 
0.47 (-1.47) 
0.45 (-1.47) 
0.43 (-1.47) 
0.41 (-1.48) 
0.39 (-1.49) 

0.39 (-1.47) 
0.41 (-1.37) 
0.44 (-1.28) 
0.45 (-1.23) 
0.46 (-1.19) 
0.46 (-1.19 
0.47 (-1.10) 
0.48 (-1.07) 
0.46 (-1.08) 
0.45 (-1.09) 
0.44 (-1.10) 
0.43 (-1.09) 

0.42 (-1.10) 
0.39 (-1.13) 
0.37 (-1.19 
0.37 (-1.14) 
0.37 (-1.11) 
0.38 (-1.09) 
0.39 (-1.06) 
0.39 (-1.09 
0.38 (-1.04) 
0.38 (-1.03) 
0.38 (-1.02) 
0.38 (-1.01) 

0.45 (-1.36) 
0.44 (-1.27) 
0.43 (-1.22) 
0.38 (-1.49) 
0.37 (-1.49) 
0.37 (-1.49) 

v.r. t 
1.09 (2.07) 
1.11 (1.65) 
1.12 (1.34) 
1.12 (1.11) 
1.12 (1.03) 
1.12 (0.92) 
1.12 (0.81) 
1.09 (0.59) 
1.07 (0.40) 
1.05 (0.31) 
1.05 (0.27) 
1.03 (0.16) 
1.01 (0.04) 
0.97 (-0.10) 
0.92 (-0.30) 
0.86 (-0.48) 
0.81 (-0.63) 
0.73 (-0.83) 
0.68 (-0.96) 
0.65 (-0.99) 
0.62 (-1.04) 
0.58 (-1.11) 
0.55 (-1.19 

0.54 (-1.19 
0.54 (-1.11) 
0.55 (-1.07) 
0.55 (-1.03) 
0.55 (-1.02) 
0.53 (-1.04) 
0.52 (-1.03) 
0.51 (-1.04) 
0.47 (-1.09) 
0.43 (-1.19 
0.40 (-1.19) 
0.37 (-1.23) 

0.34 (-1.27) 
0.29 (-1.33) 
0.26 (-1.38) 
0.24 (-1.38) 
0.24 (-1.36) 
0.25 (-1.33) 
0.26 (-1.30) 
0.26 (-1.28) 
0.25 (-1.27) 
0.26 (-1.29 
0.26 (-1.23) 
0.26 (-1.20) 

0.62 (-0.96) 
0.53 (-1.06) 
0.46 (-1.11) 
0.51 (-1.16) 
0.24 (-1.38) 
0.24 (-1.38) 

v.r. t 
1.08 (1.53) 
1.10 (1.22) 
1.10 (0.96) 
1.09 (0.72) 
1.07 (0.52) 
1.04 (0.27) 
1.00 (0.01) 
0.96 (-0.22) 
0.93 (-0.36) 
0.92 (-0.44) 
0.90 (-0.48) 

0.88 (-0.51) 
0.86 (-0.56) 
0.79 (-0.80) 
0.72 (-1.00) 
0.67 (-1.11) 
0.65 (-1.10) 
0.64 (-1.08) 
0.62 (-1.09) 
0.62 (-1.06) 
0.61 (-1.04) 
0.60 (-1.09 
0.57 (-1.10) 

0.56 (-1.09) 
0.56 (-1.04) 
0.57 (-1.01) 
0.56 (-1.00) 
0.55 (-1.01) 
0.55 (-0.98) 
0.55 (-0.96) 
0.54 (-0.96) 
0.52 (-0.98) 
0.52 (-0.96) 
0.53 (-0.92) 
0.54 (-0.88) 

0.56 (-0.84) 
0.56 (-0.82) 
0.56 (-0.81) 
0.57 (-0.77) 
0.58 (-0.74) 
0.59 (-0.72) 
0.60 (-0.70) 
0.60 (-0.69) 
0.60 (-0.69) 
0.60 (-0.67) 
0.60 (-0.67) 
0.59 (-0.68) 

0.59 (-1.04) 
0.58 (-0.99) 
0.58 (-0.92) 
0.54 (-1.11) 
0.52 (-1.11) 
0.52 (-1.11) 

v.r. t 
1.08 (1.68) 
1.08 (1.11) 
1.09 (0.93) 
1.08 (0.74) 
1.08 (0.59) 
1.06 (0.43) 
1.04 (0.23) 
1.00 (-0.03) 
0.97 (-0.17) 
0.95 (-0.26) 
0.94 (-0.30) 

0.91 (-0.42) 
0.91 (-0.38) 
0.88 (-0.47) 
0.81 (-0.69) 
0.76 (-0.81) 
0.73 (-0.88) 
0.68 (-0.98) 
0.64 (-1.09 
0.63 (-1.09 
0.61 (-1.06) 
0.59 (-1.07) 
0.57 (-1.10) 

0.57 (-1.08) 
0.59 (-1.00) 
0.60 (-0.95) 
0.60 (-0.92) 
0.60 (-0.89) 
0.61 (-0.86) 
0.61 (-0.84) 
0.60 (-0.84) 
0.57 (-0.88) 
0.54 (-0.93) 
0.51 (-0.98) 
0.49 (-1.00) 

0.46 (-1.04) 
0.42 (-1.09) 
0.38 (-1.14) 
0.36 (-1.16) 
0.35 (-1.17) 
0.34 (-1.17) 
0.34 (-1.16) 
0.33 (-1.16) 
0.32 (-1.15) 
0.33 (-1.13) 
0.32 (-1.12) 
0.32 (-1.12) 

0.63 (-0.96) 
0.58 (-0.98) 
0.52 (-1.02) 
0.56 (-1.10) 
0.36 (-1.16) 
0.32 (-1.17) 

Monthly excess return is the difference between monthly nominal return and t-bill rate for the month. CCi is the ith crawl forward size 
ranked portfoUo. The CC portfolios are formed by evenly dividing the NYSE stocks existing at the end of ... (continued on next page) 
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Table 4.13 (continued) 

Q 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 ' 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

CC10 

v.r. 
1.08 
1.08 
1.08 
1.06 
1.07 
1.07 
1.06 
1.03 
1.00 
0.99 
0.97 

0.93 
0.88 
0.83 
0.76 
0.70 
0.67 
0.64 
0.62 
0.61 
0.60 
0.58 
0.57 

0.57 
0.59 
0.61 
0.62 
0.62 
0.63 
0.63 
0.62 
0.60 
0.57 
0.55 
0.53 

0.51 
0.48 
0.46 
0.45 
0.46 
0.47 
0.49 
0.48 
0.49 
0.49 
0.49 
0.48 

0.62 
0.59 
0.56 
0.57 
0.45 { 
0.451 

t 
(1.40) 
(1.05) 
(0.80) 
(0.49) 
(0.54) 
(0.48) 
(0.38) 
(0.20) 
(0.02) 
(-0.07) 
(-0.14) 

(-0.30) 
(-0.48) 
(-0.61) 
(-0.80) 
(-0.94) 
(-0.99) 
(-1.03) 
(-1.04) 
(-1.04) 
(-1.04) 
(-1.04) 
(-1.09 

(-1.02) 
(-0.94) 
(-0.88) 
(-0.89 
(-0.81) 
(-0.79) 
(-0.77) 
(-0.77) 
(-0.80) 
(-0.84) 
(-0.86) 
(-0.89) 

(-0.91) 
(-0.99 
(-0.98) 
(-0.97) 
(-0.93) 
(-0.91) 
(-0.87) 
(-0.86) 
(-0.89 
(-0.83) 
(-0.83) 
(-0.83) 

(-0.94) 
(-0.92) 
(-0.91) 
(-1.09 
[-1.09 
[-1.09 

ecu 
v.r. t 
1.09 (1.66) 
1.08 (1.01) 
1.07 (0.72) 
1.08 (0.65) 
1.11 (0.84) 
1.13 (0.85) 
1.13 (0.81) 
1.11 (0.66) 
1.10 (0.55) 
1.09 (0.47) 
1.08 (0.42) 

1.06 (0.26) 
1.06 (0.22) 
1.04 (0.14) 
1.00 (-0.01) 
0.93 (-0.24) 
0.88 (-0.39) 
0.83 (-0.51) 
0.80 (-0.59) 
0.78 (-0.62) 
0.76 (-0.66) 
0.73 (-0.69) 
0.72 (-0.71) 

0.72 (-0.69) 
0.74 (-0.62) 
0.75 (-0.59) 
0.74 (-0.58) 
0.74 (-0.59) 
0.73 (-0.58) 
0.72 (-0.59) 
0.71 (-0.60) 
0.67 (-0.67) 
0.63 (-0.73) 
0.61 (-0.77) 
0.59 (-0.80) 

0.57 (-0.82) 
0.55 (-0.84) 
0.53 (-0.86) 
0.53 (-0.89 
0.55 (-0.80) 
0.57 (-0.76) 
0.59 (-0.71) 
0.59 (-0.69) 
0.59 (-0.69) 
0.60 (-0.67) 
0.59 (-0.67) 
0.60 (-0.69 

0.77 (-0.57) 
0.71 (-0.64) 
0.68 (-0.66) 
0.71 (-0.72) 
0.53 (-0.86) 
0.53 (-0.86) 

CC12 

v.r. t 
1.12 (2.21) 
1.14 (1.79) 
1.16 (1.57) 
1.16 (1.36) 
1.17 (1.28) 
1.17 (1.17) 
1.16 (1.02) 
1.12 (0.73) 
1.10 (0.59) 
1.10 (0.55) 
1.10 (0.52) 

1.09 (0.42) 
1.08 (0.35) 
1.04 (0.16) 
0.98 (-0.07) 
0.92 (-0.27) 
0.88 (-0.37) 
0.85 (-0.49 
0.82 (-0.51) 
0.82 (-0.51) 
0.81 (-0.50) 
0.80 (-0.53) 
0.77 (-0.57) 

0.78 (-0.59 
0.80 (-0.48) 
0.80 (-0.49 
0.80 (-0.46) 
0.78 (-0.49) 
0.76 (-0.51) 
0.74 (-0.54) 
0.72 (-0.59) 
0.68 (-0.65) 
0.65 (-0.71) 
0.62 (-0.74) 
0.60 (-0.76) 

0.59 (-0.78) 
0.57 (-0.81) 
0.55 (-0.83) 
0.55 (-0.82) 
0.56 (-0.79) 
0.57 (-0.76) 
0.58 (-0.73) 
0.58 (-0.72) 
0.58 (-0.72) 
0.57 (-0.71) 
0.57 (-0.72) 
0.56 (-0.71) 

0.81 (-0.48) 
0.74 (-0.57) 
0.70 (-0.61) 
0.72 (-0.59) 
0.55 (-0.83) 
0.55 (-0.83) 

CC13 

v.r. 
1.09 
1.09 
1.09 
1.08 
1.09 
1.08 
1.06 
1.03 
1.00 
0.98 
0.97 

0.92 
0.91 
0.89 
0.82 
0.76 
0.72 
0.67 
0.64 
0.62 
0.59 
0.56 
0.53 

0.53 { 
0.55 { 
0.57 { 
0.58 < 
0.59 ( 
0.611 
0.621 
0.621 
0.601 
0.57 ( 
0.561 
0.541 

0.52 ( 
0.50 ( 
0.47 ( 
0.47 ( 
0.47 < 
0.47 ( 
0.481 
0.48 ( 
0.48 ( 
0.481 
0.481 
0.48 ( 

0.61 ( 
0.59 ( 
0.56 ( 
0.53 ( 
0.47 ( 
0.47 ( 

t 
(1.95) 
(1.27) 
(1.04) 
(0.73) 
(0.72) 
(0.62) 
(0.43) 
(0.20) 
(0.01) 
(-0.11) 
(-0.18) 

(-0.36) 
(-0.39) 
(-0.44) 
(-0.69 
(-0.82) 
(-0.91) 
(-102) 
(-1.09) 
(-1.10) 
(-1.14) 
(-1.18) 
(-1.22) 

(-1.20) 
[-1.12) 
(-1.04) 
(-0.99) 
(-0.94) 
(-0.88) 
(-0.83) 
(-0.81) 
(-0.85) 
(-0.89) 
(-0.89) 
(-0.91) 

(-0.93) 
(-0.97) 
(-0.99) 
(-0.98) 
[-0.96) 
(-0.95) 
(-0.92) 
[-0.91) 
(-0.90) 
[-0.88) 
[-0.88) 
[-0.86) 

;-i.oi) 
;-0.98) 
-0.97) 
-1.22) 
-1.22) 
-1.22) 

CC14 

v.r. t 
1.05 (0.89) 
1.04 (0.47) 
1.03 (0.28) 
1.02 (0.20) 
1.03 (0.22) 
1.04 (0.26) 
1.04 (0.26) 
1.03 (0.15) 
1.01 (0.04) 
0.99 (-0.04) 
0.98 (-0.09) 

0.95 (-0.23) 
0.92 (-0.31) 
0.89 (-0.41) 
0.82 (-0.61) 
0.75 (-0.81) 
0.71 (-0.88) 
0.66 (-0.98) 
0.62 (-1.09 
0.60 (-1.07) 
0.59 (-1.08) 
0.58 (-1.07) 
0.57 (-1.09 

0.58 (-1.02) 
0.61 (-0.91) 
0.65 (-0.81) 
0.67 (-0.74) 
0.69 (-0.68) 
0.71 (-0.62) 
0.73 (-0.57) 
0.75 (-0.52) 
0.75 (-0.50) 
0.75 (-0.49) 
0.76 (-0.47) 
0.75 (-0.47) 

0.76 (-0.46) 
0.75 (-0.46) 
0.75 (-0.49 
0.77 (-0.41) 
0.81 (-0.34) 
0.84 (-0.28) 
0.87 (-0.22) 
0.89 (-0.19) 
0.89 (-0.18) 
0.91 (-0.19 
0.92 (-0.14) 
0.93 (-0.12) 

0.66 (-0.87) 
0.69 (-0.74) 
0.74 (-0.60) 
0.57 (-1.09) 
0.57 (-1.09) 
0.57 (-1.09) 

CC15 

v.r. 
1.04 
1.05 
1.04 
1.03 
1.05 
1.04 
1.04 
1.01 
0.99 
0.97 
0.96 

0.90 
0.85 
0.79 
0.71 
0.65 
0.64 
0.62 
0.61 
0.61 
0.601 
0.591 
0.58 ( 

0.581 
0.611 
0.641 
0.66 I 
0.681 
0.691 
0.70 < 
0.701 
0.681 
0.661 
0.661 
0.671 

0.68 
0.68 
0.691 
0.72 
0.74 
0.77 
0.79 
0.81 
0.83 
0.85 
0.86 
0.87 

0.63 
0.65 
0.69 
0.57 
0.57 
0.57 

t 
(0.86) 
(0.63) 
(0.39) 
(0.26) 
(0.36) 
(0.31) 
(0.23) 
(0.07) 
(-0.09 
(-0.14) 
(-0.20) 

(-0.46) 
(-0.63) 
(-0.81) 
(-1.02) 
(-1.18) 
(-1.17) 
(-1.16) 
(-1.14) 
(-1.10) 
(-109) 
(-1.09) 
1-1.09) 

(-1.06) 
(-0.99 
(-0.86) 
(-0.78) 
(-0.73) 
(-0.68) 
[-0.69 
(-0.64) 
(-0.67) 
(-0.68) 
(-0.67) 
(-0.64) 

(-0.62) 
(-0.59) 
(-0.57) 
(-0.52) 
(-0.46) 
(-0.41) 
(-0.36) 
(-0.32) 
(-0.29) 
(-0.29 
(-0.23) 
(-0.21) 

(-0.97) 
(-0.89 
(-0.72) 
(-1.18) 
(-1.18) 
(-1.18) 

CC16 

v.r. t 
1.00 (0.10) 
0.97 (-0.36) 
0.97 (-0.33) 
0.99 (-0.12) 
1.03 (0.24) 
1.03 (0.24) 
1.02 (0.15) 
1.00 (-0.02) 
0.97 (-0.16) 
0.94 (-0.29) 
0.92 (-0.38) 

0.85 (-0.64) 
0.81 (-0.76) 
0.78 (-0.80) 
0.73 (-0.92) 
0.69 (-0.99) 
0.68 (-0.97) 
0.65 (-0.99) 
0.64 (-0.98) 
0.64 (-0.96) 
0.64 (-0.93) 
0.63 (-0.91) 
0.61 (-0.93) 

0.61 (-0.91) 
0.63 (-0.84) 
0.65 (-0.78) 
0.65 (-0.74) 
0.65 (-0.73) 
0.65 (-0.72) 
0.64 (-0.72) 
0.63 (-0.74) 
0.60 (-0.78) 
0.57 (-0.82) 
0.55 (-0.85) 
0.53 (-0.86) 

0.52 (-0.87) 
0.49 (-0.91) 
0.47 (-0.93) 
0.46 (-0.93) 
0.46 (-0.91) 
0.46 (-0.91) 
0.45 (-0.90) 
0.43 (-0.92) 
0.42 (-0.93) 
0.41 (-0.93) 
0.40 (-0.93) 
0.40 (-0.93) 

0.64 (-0.87) 
0.61 (-0.87) 
0.56 (-0.88) 
0.61 (-0.99) 
0.46 (-0.99) 
0.40 (-0.99) 

CC17 

v.r. t 
1.06 (1.03) 
1.06 (0.77) 
1.06 (0.60) 
1.07 (0.54) 
1.11 (0.78) 
1.12 (0.81) 
1.13 (0.81) 
1.13 (0.77) 
1.13 (0.71) 
1.13 (0.67) 
1.13 (0.64) 

1.11 (0.49) 
1.08 (0.34) 
1.06 (0.21) 
1.00 (0.01) 
0.95 (-0.19 
0.94 (-0.18) 
0.93 (-0.20) 
0.93 (-0.21) 
0.92 (-0.22) 
0.91 (-0.29 
0.89 (-0.29) 
0.88 (-0.31) 

0.88 (-0.30) 
0.91 (-0.23) 
0.93 (-0.16) 
0.95 (-0.10) 
0.98 (-0.09 
1.00 (0.00) 
1.03 (0.06) 
1.05 (0.10) 
1.06 (0.12) 
1.06 (0.13) 
1.08 (0.16) 
1.10 (0.18) 

1.11 (0.21) 
1.13 (0.23) 
1.15 (0.27) 
1.18 (0.33) 
1.22 (0.39) 
1.25 (0.44) 
1.28 (0.48) 
1.29 (0.49) 
1.29 (0.48) 
1.29 (0.49) 
1.29 (0.48) 
1.30 (0.49) 

0.94 (-0.16) 
0.99 (-0.04) 
1.06 (0.09) 
0.87 (-0.31) 
0.87 (-0.31) 
0.87 (-0.31) 

CC18 

v.r. t 
1.02 (0.33) 
0.98 (-0.26) 
0.95 (-0.49) 
0.95 (-0.48) 
0.98 (-0.19) 
0.99 (-0.09 
0.99 (-0.09) 
0.96 (-0.24) 
0.94 (-0.34) 
0.92 (-0.41) 
0.92 (-0.43) 

0.88 (-0.56) 
0.86 (-0.60) 
0.83 (-0.64) 
0.80 (-0.72) 
0.74 (-0.86) 
0.72 (-0.91) 
0.70 (-0.93) 
0.69 (-0.91) 
0.69 (-0.87) 
0.70 (-0.82) 
0.72 (-0.76) 
0.73 (-0.70) 

0.76 (-0.59) 
0.82 (-0.49 
0.86 (-0.33) 
0.89 (-0.29 
0.92 (-0.19) 
0.94 (-0.12) 
0.97 (-0.07) 
1.00 (-0.01) 
1.02 (0.03) 
1.03 (0.06) 
1.06 (0.12) 
1.09 (0.17) 

1.12 (0.23) 
1.14 (0.27) 
1.16 (0.31) 
1.20 (0.36) 
1.24 (0.44) 
1.27 (0.48) 
1.29 (0.52) 
1.31 (0.55) 
1.32 (0.56) 
1.34 (0.59) 
1.37 (0.62) 
1.41 (0.68) 

0.80 (-0.56) 
0.90 (-0.32) 
1.00 (-0.10) 
0.69 (-0.93) 
0.69 (-0.93) 
0.69 (-0.93) 

June of 1955 into 25 groups according to the ranks of the individual firm historical average size (market equity) measures at the end of 
June of 1955 (see equation 3.19 of this dissertation). MCC is the market portfolio which consists of the stocks in the 25 CC portfolios. 
Q is the return horizon ranging from 2 months to 120 months. Variance ratios are those in the column denoted by "v.r." Numbers inside 

parentheses in the column denoted by "t" are variance ratio t values. If the absolute value of a t value is greater than 1.96, the variance 
ratio is significantly different from one at the 5 percent level. AVS, AVM, and AVL are respectively the ... (continued on next page) 
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Table 4.13 (continued) 

CC19 CC20 CC21 CC22 CC23 CC24 CC25 MCC 

vr- l v r l v r- t v.r. t v.r. t v.r. t v.r. t vr t 
2 1.07(1.44) 0.99 (-0.17) 1.02(0.44) 0.97 (-0.51) 0.99 (-0.14) 1.05(0.84) 0.97 (-0 49) 101(0 22) 
3 1.08(1.10) 0.96 (-0.39) 0.99 (-0.12) 0.94 (-0.73) 0.% (-0.49) 1.03 0.29 0 94-0 62 099 (Oi l ) 
4 1.08(0.78) 0.93 (-0.59) 0.96 (-0.39) 0.92 (-0.81) 0.92 (-0.74) 1.03(0.23 0.96 (-0 36) 0 99 -0 4 
5 1.05(0.45) 0.93 (-0.59 0.97 (-0.24) 0.91 (-0.74) 0.92 (-0.65) 1.05(0.36) 0.98-0.16 100-004 
6 1.06(0.50) 0.97 (-0.24) 1.02(0.15) 0.95 (-0.40) 0.97 (-0.22) 1.06(0.44) 1.04(0 29) 104(0 31) 
7 1.06(0.40) 0.97 (-0.17) 1.02(0.14) 0.95 (-0.36) 0.99 (-0.09) 1.06(0.40) 1.07 (OM) 106(0 38 
8 1.05(0.32) 0.97 (-0.16) 1.02(0.12) 0.93 (-0.43) 0.99 (-0.07) 1.04(0.27) 1.08(0 45) 106(033 
9 1.04(0.25) 0.96 (-0.22) 1.01(0.09) 0.92 (-0.50) 0.98 (-0.12) 1.02(0.10) 1.07(0.40) 1.04(0 22) 
10 1.03(0.16) 0.95 (-0.28) 1.01(0.06) 0.91 (-0.51) 0.98 (-0.12) 1.00(0.00) 1.08(0.41) 103(015) 
11 1.02(0.12) 0.94 (-0.31) 1.01(0.03) 0.90 (-0.53) 0.97 (-0.13) 0.98 (-0.09) 1.09(0.43) 1.02(011) 
12 1.02(0.12) 0.92 (-0.36) 1.00 (-0.02) 0.89 (-0.58) 0.97 (-0.16) 0.97 (-0.14) 1.09(0.43) 1.01(0.07) 

15 1.02(0.10) 0.88 (-0.50) 0.97 (-0.16) 0.85 (-0.69) 0.95 (-0.19) 0.94 (-0.28) 1.09(0.39) 0.98(0 06) 
18 1.03(0.12) 0.84 (-0.63) 0.92 (-0.34) 0.82 (-0.76) 0.95 (-0.20) 0.92 (-0.34) 1.07(0.27) 0.95 (-0 19) 
21 1.04(0.15) 0.78 (-0.77) 0.88 (-0.46) 0.77 (-0.86) 0.94 (-0.22) 0.91 (-0.33) 1.02(0.08) 0.90 (-0.39 
24 1.03(0.12) 0.70 (-1.01) 0.82 (-0.64) 0.71 (-1.05) 0.89 (-0.37) 0.84 (-0.57) 0.95 (-0.16) 0.82 (-0.60) 
27 1.00(0.00) 0.61 (-1.29 0.75 (-0.89 0.64 (-1.21) 0.84 (-0.53) 0.76 (-0.78) 0.88 (-0.37) 0.74 (-0.83) 
30 0.99 (-0.04) 0.55 (-1.38) 0.71 (-0.94) 0.61 (-1.24) 0.81(0.59) 0.71 (-0.90) 0.85 (-0.47) 0.70 (-0.93) 
33 0.96 (-0.11) 0.49 (-1.48) 0.67 (-1.02) 0.58 (-1.28) 0.77 (-0.68) 0.66 (-1.02) 0.81 (-0.56) 0.65 (-1.03) 
36 0.95 (-0.14) 0.45 (-1.54) 0.64 (-1.08) 0.56 (-1.29) 0.75 (-0.71) 0.62 (-1.11) 0.78 (-0.63) 0.61 (-1.10) 
39 0.96 (-0.11) 0.42 (-1.57) 0.61 (-1.11) 0.55 (-1.27) 0.74 (-0.72) 0.59 (-1.19 0.76 (-0.69 0.59 (-1.12) 
42 0.97 (-0.09) 0.40 (-1.58) 0.58 (-1.17) 0.53 (-1.28) 0.73 (-0.72) 0.55 (-1.22) 0.75 (-0.66) 0.57 (-1.19 
45 0.98 (-0.04) 0.38 (-1.57) 0.55 (-1.20) 0.52 (-1.27) 0.72 (-0.71) 0.52 (-1.26) 0.75 (-0.64) 0.56 (-1.14) 
48 1.01(0.01) 0.38 (-1.54) 0.54 (-1.19) 0.52 (-1.23) 0.73 (-0.67) 0.51 (-1.26) 0.76 (-0.60) 0.55 (-1.12) 

51 1.03(0.08) 0.39 (-1.47) 0.56 (-1.12) 0.53 (-1.16) 0.76 (-0.58) 0.51 (-1.22) 0.78 (-0.52) 0.57 (-1.04) 
54 1.09(0.22) 0.44 (-1.33) 0.60 (-0.98) 0.58 (-1.01) 0.82 (-0.43) 0.55 (-1.10) 0.84 (-0.38) 0.62 (-0.89) 
57 1.15(0.34) 0.48 (-1.21) 0.64 (-0.86) 0.62 (-0.90) 0.87 (-0.29) 0.58 (-1.00) 0.90 (-0.24) 0.67 (-0.79 
60 1.20(0.46) 0.51 (-1.11) 0.68 (-0.79 0.65 (-0.80) 0.92 (-0.19) 0.59 (-0.96) 0.94 (-0.13) 0.71 (-0.69 
63 1.25(0.56) 0.52 (-1.09 0.70 (-0.68) 0.67 (-0.73) 0.95 (-0.11) 0.59 (-0.92) 0.98(0.03) 0.75 (-0.56) 
66 1.30(0.66) 0.54 (-1.00) 0.72 (-0.63) 0.69 (-0.67) 0.99 (-0.03) 0.60 (-0.89) 1.02(0.03) 0.77 (-0.50) 
69 1.36(0.78) 0.55 (-0.99 0.74 (-0.58) 0.72 (-0.61) 1.03(0.06) 0.60 (-0.86) 1.04(0.08) 0.80 (-0.43) 
72 1.42(0.90) 0.56 (-0.90) 0.75 (-0.53) 0.73 (-0.56) 1.07(0.14) 0.60 (-0.89 1.06(0.12) 0.82 (-0.38) 
75 1.47(0.98) 0.56 (-0.89) 0.75 (-0.53) 0.73 (-0.59 1.09(0.19) 0.58 (-0.87) 1.06(0.12) 0.81 (-0.38) 
78 1.52(1.06) 0.55 (-0.89) 0.74 (-0.54) 0.73 (-0.54) 1.10(0.21) 0.56 (-0.91) 1.06(0.12) 0.81 (-0.38) 
81 1.58(1.16) 0.56 (-0.87) 0.74 (-0.52) 0.74 (-0.52) 1.13(0.25) 0.54 (-0.92) 1.07(0.14) 0.82 (-0.36) 
84 1.63(1.24) 0.57 (-0.84) 0.75 (-0.50) 0.75 (-0.48) 1.16(0.30) 0.53 (-0.92) 1.09(0.18) 0.83 (-0.33) 

87 1.69(1.33) 0.57 (-0.81) 0.76 (-0.47) 0.76 (-0.49 1.18(0.35) 0.52 (-0.94) 1.11(0.21) 0.84 (-0.31) 
90 1.73(1.40) 0.57 (-0.80) 0.77 (-0.44) 0.77 (-0.43) 1.20(0.38) 0.50 (-0.96) 1.14(0.26) 0.85 (-0.29) 
93 1.78(1.46) 0.58 (-0.78) 0.78 (-0.41) 0.78 (-0.41) 1.22(0.40) 0.49 (-0.97) 1.16(0.30) 0.86 (-0.26) 
96 1.83(1.53) 0.59 (-0.74) 0.81 (-0.36) 0.80(0.36) 1.25(0.45) 0.49 (-0.99 1.20(0.37) 0.89 (-0.21) 
99 1.88(1.61) 0.62 (-0.69) 0.84 (-0.30) 0.83 (-0.30) 1.29(0.52) 0.51 (-0.90) 1.25(0.45) 0.93(0.13) 
102 1.93(1.67) 0.64 (-0.64) 0.87 (-0.24) 0.86 (-0.29 1.32(0.58) 0.53 (-0.86) 1.29(0.52) 0.96 (-0.07) 
105 1.97(1.73) 0.66 (-0.59) 0.90 (-0.18) 0.89 (-0.19) 1.36(0.64) 0.54 (-0.83) 1.34(0.58) 1.00(0.00) 
108 2.01(1.77) 0.68 (-0.59 0.92 (-0.14) 0.91 (-0.16) 1.39(0.68) 0.53 (-0.82) 1.37(0.64) 1.03(0.04) 
111 2.04(1.80) 0.69 (-0.53) 0.93 (-0.12) 0.92 (-0.14) 1.41(0.70) 0.52(0.83) 1.40(0.67) 1.04(0.07) 
114 2.09(1.86) 0.70 (-0.49) 0.96 (-0.07) 0.94 (-0.09) 1.44(0.74) 0.51 (-0.84) 1.44(0.74) 1.07(0.12) 
117 2.13(1.91) 0.71 (-0.47) 0.98 (-0.03) 0.96 (-0.06) 1.47(0.77) 0.49 (-0.86) 1.48(0.80) 1.09(0.15) 
120 2.18(1.97) 0.73 (-0.49 1.02(0.03) 0.99 (-0.02) 1.50(0.82) 0.48 (-0.86) 1.53(0.86) 1.12(0.20) 

AVS 1.09(0.20) 0.48 (-1.31) 0.65 (-0.92) 0.60 (-1.04) 0.84 (-0.43) 0.60 (-1.03) 0.87 (-0.36) 0.67(0.86) 
AVM 1.27(0.55) 0.51 (-1.19 0.69 (-0.77) 0.66 (-0.85) 0.95 (-0.19) 0.58 (-0.99) 0.95 (-0.17) 0.72 (-0.68) 
AVL 1.46(0.86) 0.55 (-1.01) 0.75 (-0.62) 0.72 (-0.68) 1.06(0.03) 0.56 (-0.96) 1.05(0.03) 0.80 (-0.50) 
MNS 0.95 (-0.19 0.38 (-1.58) 0.54 (-1.21) 0.51 (-1.30) 0.72 (-0.72) 0.50 (-1.27) 0.75 (-0.66) 0.55 (-1.19 
MNM 0.95 (-0.19 0.38 (-1.58) 0.54 (-1.21) 0.51 (-1.30) 0.72 (-0.72) 0.49 (-1.27) 0.75 (-0.66) 0.55 (-1.19 
MNL 0.95 (-0.19 0.38 (-1.58) 0.54 (-1.21) 0.51 (-1.30) 0.72 (-0.72) 0.48 (-1.27) 0.75 (-0.66) 0.55 (-1.15) 

arithmetic means of the relevant measures (either variance ratios or t values) for the horizons between 25 months and 72 months, 
between 25 months and 96 months, and between 25 months and 120 months. MNS, MNM, and MNL are respectively the minima of the 
relevant measures (either variance ratios or / values) for the horizons between 25 months and 72 months, between 25 months and 96 
months, and between 25 months and 120 months. The variance of monthly observations is the base variance for calculating variance ratios 
(see equation 4.2 of this dissertation). Variance ratio / values are based on equation (B.19) of this dissertation, which is developed by Lo 
and MacKinlay (1988) under the assumption that random variables of interest are serially uncorrelated and heteroscedasticaUy distributed. 
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Table 4.14 
Variance Ratios and Their t Values for Value-weighted Excess Returns 

of the June-1965 Crawl Forward Size Portfolios of NYSE and 
AMEX Stocks from June 1971 to December 1996 

GDI CD2 CD3 CD4 CD5 CD6 CD7 CD8 CD9 

v.r. t v.r. t v.r. t 

I 1 " 2 «?•«< ' i ^ S g U 7 ( 2 8 7 ) M 6 ( 2 5 1 > l-1*™ 1 0 8 ( l -44) 1 10 083) 1.08(1.33) 
4 M n5S "J? ™ "J MS ' ? a 5 4 ) L21(2-25) 118(109) 107(a80> 109<110> 107 °-79 

5 "5 '2n 9 o ' n S - i ! 1 2 9 ( 2 6 8 ) 1 2 5 ( 2 1 7 ) 1 1 8 ( 1 5 9 ) 1 0 7 ( a 6 2 > 1 0 8 < a 7 7 > 1-08 0X52 
6 S • S m KS 1 3 1 a 4 9 ) L 2 8 ( 2 0 8 ) 1 1 7 ( U 1 > 1 0 5<0-3 8> 1 0 6 ( ° - 4 9) 103 0.20 
7 \i "S nn?n -ESS 1M(219) 129(1-92) M9a25) 104(a25) 103<a22> 103018 

8 " S S ' S no" S I X ™ S ^ 1 3 1 ( 1 9 8 > 1.29(1.77) 1.20(1.20) 1.04(0.23) 1.01(0.05) 1.02(0.13) 
S * "In ' £ £ £ ' 2 £ J ? 1 3 2 ( 1 - 8 8 ) L 2 9 ( 1 6 1 ) 1 2 1 ( U 9 ) 1 0 3 ( 0 1 5 ) °-99(0.09 1.02(0.14) 
9n "S "IS "2 £ 2 i'S^SS 131(1'72) 128(L49) L22(U6) 100(002) O-^C-Ol8) 1 0 K 0 03) 

? , S S •°5 (°- 4 1 ) ° " ( - ° 0 5 ) 1-31(1.62) 1.29(1.44) 1.24(1.17) 0.99 (-0.07) 0.95 (-0.24) 0.98 (-0.09) 
l i ' S 2 ' S ? S « ! J - S ^ 0 1 - 3 3 « - « ) 1-30(1.44) 1.26(1.20) 1.00(-0.02) 0.95 (-0.23) 0.99 (-0.03) 
12 1.32(1.52) 1.12(0.53) 1.02(0.07) 1.35(1.62) 1.32(1.43) 1.27(1.18) 1.01(0.06) 0.95 (-0.21) 1.00(0.02) 
\l ! ^ ! 1 ? 2 ! U 6 ( ° - 6 3 > 1-08(0.30) 1.41(1.70) 1.38(1.53) 1.30(1.19) 1.06(0.22) 0.96 (-0.18) 1.05(0.19) 
18 -54(2.02) 1.12(0.43) 1.09(0.30) 1.40(1.50) 1.40(1.45) 1.33(1.17) 1.07(0.24) 0.93 (-0.24) 1.08(0.26) 
21 1.60(104) 1.09(0.31) 1.08(0.26) 1.34(1.17) 1.37(1.24) 1.30(0.98) 1.06(0.21) 0.88(0.40) 111(0 35) 
24 1.60(1.91) 1.08(0.24) 1.04(0.11) 1.25(0.82) 1.31(0.96) 1.24(0.75) 1.02(0.05) 0.83 (-0.52) 1.09(0.27) 
27 1.61(1.80) 1.04(0.10) 0.99 (-0.02) 1.20(0.59) 1.27(0.79) 1.20(0.56) 0.98 (-0.06) 0.79 (-0.61) 107(0 19) 
30 1.61(1.72) 1.05(0.12) 0.97 (-0.09) 1.17(0.49) 1.25(0.69) 1.17(0.47) 0.95 (-0.13) 0.77 (-0.64) 106(017) 
33 1.59(1.56) 1.06(0.17) 0.89 (-0.28) 1.15(0.40) 1.19(0.50) 1.12(0.32) 0.90 (-0.26) 0.74 (-0.70) 104(010) 
36 1.54(1.37) 1.07(0.18) 0.81 (-0.44) 1.14(0.36) 1.12(0.30) 1.07(0.18) 0.85 (-0.37) 0.71 (-0.79 100(0 00) 
39 1.49(1.20) 1.07(0.16) 0.74 (-0.60) 1.16(0.40) 1.05(0.13) 1.05(0.11) 0.82 (-0.44) 0.67 (-0.81) 0.95(012) 
42 1.42(0.99) 1.05(0.12) 0.66 (-0.76) 1.16(0.39) 0.98(0.09 1.00(0.00) 0.78 (-0.52) 0.61 (-0.92) 0.87(0 28) 
45 1.33(0.75) 1.03(0.06) 0.57 (-0.92) 1.16(0.38) 0.90 (-0.24) 0.95 (-0.12) 0.73 (-0.60) 0.56 (-1.01) 0.80 (-0.44) 
48 1.27(0.60) 1.01(0.02) 0.53 (-0.96) 1.19(0.43) 0.83 (-0.37) 0.89 (-0.23) 0.72 (-0.61) 0.52 (-1.07) 0.74 (-0.54) 
51 1.23(0.49) 1.00(0.00) 0.54(-0.93) 1.25(0.54) 0.81 (-0.41) 0.87(-0.27) 0.73(0.57) 0.50(-1.09) 0.71 (-0 59) 
54 1.17(0.35) 1.01(0.01) 0.54 (-0.90) 1.30(0.65) 0.79 (-0.49 0.85 (-0.32) 0.74 (-0.55) 0.46 (-1.13) 0.68(0 63) 
57 1.09(0.19) 1.03(0.06) 0.54 (-0.88) 1.35(0.72) 0.75 (-0.51) 0.82 (-0.36) 0.73 (-0.59 0.44 (-1.14) 0 67 (0 64) 
60 1.04(0.08) 1.05(0.10) 0.54 (-0.86) 1.39(0.79) 0.73 (-0.53) 0.80 (-0.39) 0.73 (-0.53) 0.43 (-1.14) 0.68 (-0 61) 
63 0.97 (-0.09 1.07(0.14) 0.54 (-0.89 1.42(0.83) 0.72 (-0.54) 0.78 (-0.43) 0.73 (-0.52) 0.41 (-1.19 0 67 (-0 60) 
66 0.92 (-0.19 1.11(0.21) 0.53 (-0.89 1.43(0.83) 0.71 (-0.56) 0.76 (-0.49 0.72 (-0.54) 0.40 (-1.16) 0.66 (-0 62) 
69 0.88 (-0.23) 1.16(0.29) 0.53 (-0.83) 1.43(0.81) 0.70 (-0.57) 0.76 (-0.43) 0.71 (-0.54) 0.39 (-1.19 0 65 (-0 61) 
72 0.85 (-0.27) 1.21(0.38) 0.53 (-0.80) 1.44(0.81) 0.69 (-0.56) 0.79 (-0.38) 0.71 (-0.53) 0.39 (-1.12) 0.65(0 61) 
75 0.80 (-0.39 1.25(0.44) 0.53 (-0.79) 1.45(0.82) 0.69 (-0.57) 0.79 (-0.37) 0.69 (-0.59 0.36 (-1.19 0.62 (-0.69 
78 0.76 (-0.42) 1.30(0.52) 0.53 (-0.78) 1.47(0.84) 0.69 (-0.59 0.80 (-0.34) 0.68 (-0.56) 0.35 (-1.19 0.58 (-0 71) 
81 0.73 (-0.47) 1.34(0.58) 0.53 (-0.77) 1.49(0.86) 0.70 (-0.52) 0.81(0.33) 0.66 (-0.58) 0.34 (-1.19 0.55(0.79 
84 0.68 (-0.54) 1.38(0.64) 0.51 (-0.79) 1.51(0.88) 0.71 (-0.50) 0.80 (-0.33) 0.65 (-0.59) 0.33 (-1.19 0.52 (-0.78) 

87 0.65 (-0.59) 1.42(0.70) 0.52 (-0.77) 1.53(0.90) 0.73 (-0.46) 0.80 (-0.33) 0.63 (-0.61) 0.32 (-1.19 0.51 (-0.79) 
90 0.61 (-0.64) 1.44(0.72) 0.51 (-0.76) 1.53(0.89) 0.73 (-0.49 0.77(0.37) 0.60 (-0.66) 0.30 (-1.16) 0.48 (-0 82) 
93 0.58 (-0.68) 1.46(0.74) 0.51 (-0.76) 1.53(0.87) 0.72 (-0.46) 0.74 (-0.42) 0.57 (-0.70) 0.29 (-1.17) 0.45 (-0 86) 
96 0.57 (-0.69) 1.49(0.78) 0.52 (-0.74) 1.52(0.85) 0.73 (-0.44) 0.72 (-0.44) 0.56 (-0.71) 0.29 (-1.16) 0.43(0.88) 
99 0.56 (-0.69) 1.53(0.83) 0.54 (-0.69) 1.53(0.85) 0.74 (-0.41) 0.71 (-0.44) 0.55 (-0.70) 0.29 (-1.14) 0.43(0 87) 
102 0.56 (-0.68) 1.55(0.85) 0.55 (-0.66) 1.53(0.84) 0.75 (-0.38) 0.71 (-0.49 0.55 (-0.69) 0.29 (-1.12) 0.42 (-0.86) 
105 0.57 (-0.69 1.57(0.87) 0.57 (-0.62) 1.53(0.83) 0.76 (-0.36) 0.71 (-0.43) 0.56 (-0.67) 0.30 (-1.09) 0.43 (-0.84) 
108 0.58 (-0.63) 1.58(0.89) 0.58 (-0.60) 1.54(0.84) 0.78 (-0.34) 0.73 (-0.40) 0.57 (-0.69 0.31 (-1.06) 0.43 (-0 83) 
111 0.60(-0.60) 1.59(0.89) 0.60 (-0.57) 1.56(0.85) 0.80 (-0.30) 0.75 (-0.37) 0.58 (-0.62) 0.32 (-1.04) 0.44 (-0 81) 
114 0.64 (-0.53) 1.58(0.87) 0.62 (-0.53) 1.55(0.84) 0.83 (-0.25) 0.77 (-0.33) 0.60 (-0.59) 0.32 (-1.02) 0.46 (-0.77) 
117 0.66 (-0.50) 1.55(0.80) 0.62 (-0.52) 1.53(0.80) 0.85(0.23) 0.76 (-0.34) 0.61 (-0.57) 0.32 (-1.01) 0.46(0.76) 
120 0.68 (-0.46) 1.50(0.73) 0.63 (-0.51) 1.51(0.76) 0.87 (-0.19) 0.75 (-0.39 0.62 (-0.59 0.33 (-0.98) 0.47(0.74) 

AVS 1.27(0.69) 1.06(0.13) 0.66 (-0.67) 1.27(0.59) 0.92 (-0.12) 0.94 (-0.09) 0.79 (-0.49 0.56 (-0.%) 0.81 (-0.39 
AVM 1.07(0.29) 1.16(0.29) 0.61 (-0.70) 1.34(0.68) 0.85 (-0.24) 0.89 (-0.18) 0.74 (-0.50) 0.48 (-1.03) 0.72 (-0.49) 
AVL 0.96(0.06) 1.26(0.43) 0.61 (-0.68) 1.39(0.72) 0.84 (-0.26) 0.85 (-0.23) 0.70 (-0.54) 0.44 (-1.04) 0.65(0.57) 
MNS 0.85 (-0.27) 1.00(0.00) 0.53 (-0.96) 1.13(0.35) 0.69 (-0.57) 0.76 (-0.49 0.71 (-0.62) 0.39 (-1.16) 0.65 (-0.64) 
MNM 0.57(0.69) 1.00(0.00) 0.51 (-0.96) 1.13(0.35) 0.68 (-0.57) 0.72 (-0.49 0.56 (-0.71) 0.29 (-1.18) 0.43 (-0.88) 
MNL 0.56 (-0.69) 1.00(0.00) 0.51 (-0.96) 1.13(0.35) 0.68 (-0.57) 0.71 (-0.49 0.55 (-0.71) 0.29 (-1.18) 0.42 (-0.88) 

Monthly excess return is the difference between monthly nominal return and t-bill rate for the month. CDi is the tth crawl forward size 
ranked portfolio. The CD portfolios are formed by evenly dividing the NYSE/AMEX stocks existing at the ... (continued on next page) 
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Table 4.14 (continued) 

CD10 CDll CD12 CD13 CD14 CD 15 CD 16 CD 17 CD18 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

v.r. t 
1.06 (1.10) 
1.05 (0.57) 
1.04 (0.40) 
1.03 (0.23) 
1.05 (0.37) 
1.05 (0.28) 
1.03 (0.18) 
1.02 (0.11) 
1.01 (0.03) 
1.01 (0.05) 
1.01 (0.06) 

1.04 (0.15) 
1.04 (0.15) 
1.03 (0.10) 
0.97 (-0.10) 
0.91 (-0.24) 
0.90 (-0.27) 
0.87 (-0.32) 
0.83 (-0.42) 
0.79 (-0.51) 
0.73 (-0.61) 
0.69 (-0.68) 
0.67 (-0.72) 

0.66 (-0.70) 
0.65 (-0.71) 
0.64 (-0.72) 
0.62 (-0.73) 
0.59 (-0.77) 
0.56 (-0.83) 
0.54 (-0.84) 
0.52 (-0.89 
0.50 (-0.87) 
0.49 (-0.88) 
0.48 (-0.88) 
0.48 (-0.87) 

0.48 (-0.89 
0.47 (-0.86) 
0.46 (-0.86) 
0.47 (-0.83) 
0.49 (-0.80) 
0.50 (-0.77) 
0.51 (-0.73) 
0.51 (-0.72) 
0.52 (-0.71) 
0.52 (-0.70) 
0.51 (-0.71) 
0.50 (-0.71) 

0.71 (-0.61) 
0.63 (-0.69) 
0.60 (-0.70) 
0.52 (-0.89 
0.46 (-0.88) 
0.46 (-0.88) 

v.r. t 
1.06 (0.98) 
1.08 (0.93) 
1.09 (0.85) 
1.08 (0.64) 
1.09 (0.58) 
1.07 (0.42) 
1.06 (0.31) 
1.04 (0.21) 
1.02 (0.10) 
1.02 (0.09) 
1.01 (0.05) 

0.98 (-0.07) 
0.95 (-0.17) 
0.89 (-0.34) 
0.80 (-0.59) 
0.73 (-0.79 
0.70 (-0.80) 
0.67 (-0.84) 
0.63 (-0.89) 
0.60 (-0.93) 
0.56 (-0.99) 
0.52 (-1.04) 
0.49 (-1.08) 

0.47 (-1.08) 
0.48 (-1.04) 
0.49 (-1.00) 
0.50 (-0.96) 
0.49 (-0.99 
0.47 (-0.96) 
0.46 (-0.97) 
0.45 (-0.97) 
0.41 (-1.02) 
0.38 (-1.06) 
0.35 (-1.08) 
0.32 (-1.11) 

0.30 (-1.13) 
0.26 (-1.18) 
0.23 (-1.21) 
0.20 (-1.23) 
0.19 (-1.24) 
0.18 (-1.24) 
0.18 (-1.22) 
0.18 (-1.20) 
0.19 (-1.17) 
0.21 (-1.14) 
0.21 (-1.12) 
0.22 (-1.09) 

0.55 (-0.95) 
0.47 (-1.00) 
0.40 (-1.09 
0.45 (-1.09) 
0.20 (-1.23) 
0.17 (-1.24) 

v.r. t 
1.11 (1.98) 
1.11 (1.23) 
1.09 (0.84) 
1.05 (0.34) 
1.01 (0.07) 
0.96 (-0.22) 
0.92 (-0.44) 
0.87 (-0.69 
0.84 (-0.79 
0.84 (-0.72) 
0.83 (-0.71) 

0.84 (-0.58) 
0.88 (-0.41) 
0.88 (-0.38) 
0.83 (-0.49) 
0.81 (-0.53) 
0.80 (-0.52) 
0.76 (-0.61) 
0.71 (-0.69) 
0.66 (-0.78) 
0.60 (-0.90) 
0.54 (-0.99) 
0.51 (-1.04) 

0.48 (-1.07) 
0.46 (-1.08) 
0.44 (-1.09) 
0.43 (-1.08) 
0.43 (-1.08) 
0.41 (-1.08) 
0.40 (-1.08) 
0.40 (-1.07) 
0.38 (-1.08) 
0.38 (-1.07) 
0.37 (-1.07) 
0.35 (-1.08) 

0.35 (-1.07) 
0.33 (-1.08) 
0.31 (-1.10) 
0.30 (-1.10) 
0.30 (-1.09) 
0.30 (-1.07) 
0.31 (-1.09 
0.31 (-1.03) 
0.33 (-0.99) 
0.35 (-0.99 
0.35 (-0.94) 
0.36 (-0.92) 

0.56 (-0.91) 
0.49 (-0.97) 
0.45 (-0.98) 
0.40 (-1.09) 
0.30 (-1.11) 
0.30 (-1.11) 

v.r. t 
1.05 (0.93) 
1.05 (0.58) 
1.03 (0.27) 
1.01 (0.09) 
1.01 (0.05) 
1.00 (-0.02) 
0.99 (-0.07) 
0.96 (-0.20) 
0.94 (-0.30) 
0.93 (-0.30) 
0.93 (-0.28) 

0.94 (-0.24) 
0.93 (-0.23) 
0.93 (-0.22) 
0.90 (-0.30) 
0.87 (-0.36) 
0.88 (-0.33) 
0.86 (-0.35) 
0.82 (-0.43) 
0.77 (-0.54) 
0.70 (-0.68) 
0.64 (-0.80) 
0.59 (-0.88) 

0.56 (-0.91) 
0.55 (-0.92) 
0.54 (-0.90) 
0.54 (-0.88) 
0.53 (-0.88) 
0.52 (-0.89) 
0.51 (-0.88) 
0.52 (-0.86) 
0.49 (-0.88) 
0.48 (-0.90) 
0.46 (-0.90) 
0.45 (-0.90) 

0.45 (-0.90) 
0.42 (-0.94) 
0.40 (-0.95) 
0.39 (-0.94) 
0.40 (-0.92) 
0.39 (-0.92) 
0.39 (-0.91) 
0.38 (-0.91) 
0.38 (-0.90) 
0.38 (-0.89) 
0.38 (-0.89) 
0.38 (-0.87) 

0.66 (-0.71) 
0.59 (-0.77) 
0.54 (-0.81) 
0.51 (-0.92) 
0.39 (-0.99 
0.38 (-0.95) 

v.r. t 
1.13 (2.27) 
1.16 (1.76) 
1.15 (1.32) 
1.12 (0.86) 
1.09 (0.58) 
1.05 (0.29) 
1.01 (0.07) 
0.97 (-0.17) 
0.92 (-0.39) 
0.90 (-0.46) 
0.89 (-0.48) 

0.90 (-0.40) 
0.89 (-0.37) 
0.86 (-0.47) 
0.78 (-0.68) 
0.71 (-0.83) 
0.68 (-0.87) 
0.63 (-0.97) 
0.57 (-1.05) 
0.53 (-1.13) 
0.47 (-1.22) 
0.42 (-1.29) 
0.38 (-1.33) 

0.36 (-1.34) 
0.36 (-1.31) 
0.36 (-1.28) 
0.36 (-1.24) 
0.36 (-1.23) 
0.34 (-1.23) 
0.35 (-1.20) 
0.35 (-1.16) 
0.33 (-1.18) 
0.30 (-1.21) 
0.29 (-1.20) 
0.29 (-1.19) 

0.29 (-1.18) 
0.26 (-1.20) 
0.24 (-1.21) 
0.24 (-1.20) 
0.24 (-1.18) 
0.24 (-1.17) 
0.24 (-1.14) 
0.24 (-1.13) 
0.24 (-1.12) 
0.25 (-1.10) 
0.24 (-1.10) 
0.24 (-1.09) 

0.46 (-1.16) 
0.40 (-1.17) 
0.36 (-1.16) 
0.34 (-1.34) 
0.24 (-1.34) 
0.24 (-1.34) 

v.r. t 
1.07 (1.10) 
1.02 (0.26) 
1.00 (-0.02) 
0.93 (-0.48) 
0.90 (-0.62) 
0.87 (-0.74) 
0.86 (-0.74) 
0.84 (-0.81) 
0.82 (-0.89 
0.82 (-0.81) 
0.81 (-0.80) 

0.81 (-0.71) 
0.81 (-0.67) 
0.79 (-0.66) 
0.75 (-0.74) 
0.71 (-0.82) 
0.72 (-0.79 
0.71 (-0.79 
0.70 (-0.73) 
0.68 (-0.76) 
0.63 (-0.83) 
0.59 (-0.90) 
0.56 (-0.99 

0.53 (-0.97) 
0.52 (-0.97) 
0.52 (-0.96) 
0.52 (-0.93) 
0.50 (-0.99 
0.47 (-0.98) 
0.44 (-1.01) 
0.43 (-1.01) 
0.40 (-1.04) 
0.38 (-1.07) 
0.36 (-1.07) 
0.36 (-1.06) 

0.36 (-1.04) 
0.34 (-1.06) 
0.32 (-1.08) 
0.30 (-1.10) 
0.28 (-1.11) 
0.26 (-1.12) 
0.25 (-1.12) 
0.24 (-1.12) 
0.24 (-1.11) 
0.27 (-1.06) 
0.27 (-1.04) 
0.28 (-1.01) 

0.58 (-0.89) 
0.51 (-0.99 
0.45 (-0.98) 
0.43 (-1.01) 
0.30 (-1.10) 
0.24 (-1.12) 

v.r. t 
1.03 (0.47) 
1.02 (0.22) 
1.02 (0.13) 
0.99 (-0.09) 
0.99 (-0.03) 
1.00 (0.01) 
1.00 (0.01) 
1.01 (0.03) 
1.01 (0.06) 
1.03 (0.12) 
1.03 (0.14) 

1.02 (0.09) 
1.02 (0.07) 
1.00 (0.01) 
0.95 (-0.19 
0.90 (-0.28) 
0.88 (-0.33) 
0.86 (-0.38) 
0.83 (-0.43) 
0.81 (-0.49 
0.80 (-0.47) 
0.79 (-0.48) 
0.78 (-0.49) 

0.78 (-0.47) 
0.78 (-0.49 
0.78 (-0.43) 
0.78 (-0.42) 
0.76 (-0.49 
0.73 (-0.50) 
0.71 (-0.53) 
0.68 (-0.56) 
0.65 (-0.62) 
0.61 (-0.66) 
0.58 (-0.70) 
0.55 (-0.79 

0.52 (-0.79) 
0.48 (-0.84) 
0.44 (-0.88) 
0.41 (-0.91) 
0.39 (-0.93) 
0.37 (-0.96) 
0.36 (-0.96) 
0.34 (-0.97) 
0.32 (-0.99) 
0.31 (-0.99) 
0.29 (-1.01) 
0.28 (-1.01) 

0.80 (-0.44) 
0.71 (-0.54) 
0.62 (-0.69 
0.68 (-0.56) 
0.41 (-0.91) 
0.28 (-1.01) 

v.r. t 
1.06 (1.01) 
1.07 (0.74) 
1.06 (0.56) 
1.06 (0.46) 
1.07 (0.49) 
1.07 (0.43) 
1.07 (0.38) 
1.05 (0.26) 
1.03 (0.15) 
1.03 (0.15) 
1.03 (0.12) 

1.00(0.01) 
0.96 (-0.14) 
0.90 (-0.32) 
0.80 (-0.59) 
0.71 (-0.82) 
0.67 (-0.88) 
0.63 (-0.99 
0.58 (-1.02) 
0.52 (-1.12) 
0.47 (-1.20) 
0.44 (-1.23) 
0.42 (-1.23) 

0.42 (-1.20) 
0.43 (-1.19 
0.44 (-1.10) 
0.47 (-1.02) 
0.47 (-0.99) 
0.47 (-0.97) 
0.49 (-0.92) 
0.51 (-0.87) 
0.50 (-0.86) 
0.49 (-0.87) 
0.48 (-0.87) 
0.47 (-0.87) 

0.46 (-0.87) 
0.42 (-0.92) 
0.39 (-0.99 
0.38 (-0.99 
0.39 (-0.93) 
0.40 (-0.90) 
0.41 (-0.87) 
0.42 (-0.89 
0.43 (-0.82) 
0.44 (-0.79) 
0.44 (-0.79) 
0.44 (-0.78) 

0.51 (-1.04) 
0.49 (-0.99) 
0.48 (-0.99 
0.42 (-1.24) 
0.38 (-1.24) 
0.38 (-1.24) 

v.r. t 
1.08 (1.24) 
1.07 (0.75) 
1.08 (0.65) 
1.06 (0.47) 
1.07 (0.42) 
1.06 (0.36) 
1.06 (0.30) 
1.04 (0.21) 
1.02 (0.09) 
1.02 (0.07) 
1.01 (0.05) 

1.01 (0.03) 
0.99 (-0.03) 
0.94 (-0.19) 
0.87 (-0.38) 
0.80 (-0.54) 
0.79 (-0.57) 
0.76 (-0.61) 
0.72 (-0.67) 
0.67 (-0.76) 
0.60 (-0.90) 
0.55 (-0.99) 
0.52 (-1.03) 

0.51 (-1.02) 
0.50 (-1.01) 
0.50 (-0.98) 
0.52 (-0.92) 
0.52 (-0.91) 
0.50 (-0.92) 
0.48 (-0.93) 
0.48 (-0.91) 
0.47 (-0.93) 
0.45 (-0.94) 
0.44 (-0.94) 
0.44 (-0.92) 

0.45 (-0.89) 
0.44 (-0.89) 
0.43 (-0.90) 
0.43 (-0.89) 
0.44 (-0.86) 
0.44 (-0.89 
0.45 (-0.82) 
0.46 (-0.80) 
0.48 (-0.76) 
0.51 (-0.70) 
0.53 (-0.67) 
0.56 (-0.62) 

0.60 (-0.89 
0.55 (-0.87) 
0.53 (-0.84) 
0.48 (-1.03) 
0.43 (-1.03) 
0.43 (-1.03) 

end of June of 1965 into 25 groups according to the ranks of the individual firm historical average size (market equity) measures at me end 
of June of 1965 (see equation 3.19 of this dissertation). MCD is the market portfolio which consists of the stocks in the 25 CD 
portfolios. Q is the return horizon ranging from 2 months to 120 months. Variance ratios are those in the column denoted by "v.r." 
Numbers inside parentheses in the column denoted by "t" are variance ratio t values. If the absolute value of a t value is greater than 
1.96, the variance ratio is significantly different from one at the 5 percent level. AVS, AVM, and AVL are ... (continued on next page) 
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Table 4.14 (continued) 
CD 19 CD20 CD21 CD22 CD23 CD24 CD25 MCD 

vr. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t 
2 1.04(0.62) 1.06(0.90) 1.02(0.23) 1.01(0.09) 0.97 (-0.48) 0.97 (-0.54) 0*98 (-0*26) 100(0 04) 
3 1.02(0.17) 1.06(0.60) 0.98 (-0.16) 0.98 (-0.29 0.93 (-0.69) 0.92 (-0.86) 0.97 (-0 28) 0 98(0 20) 
4 1.01(0.08) 1.07(0.64) 0.96 (-0.29) 0.94 (-0.44) 0.89 (-0.83) 0.90 (-0.84) 1.00(0 02) 0 98(013) 
5 0.99 (-0.10) 1.07(0.51) 0.94 (-0.44) 0.92 (-0.56) 0.86 (-0.92) 0.88(0.86) 1.02(0.10) 098 (-015) 
6 0.99 (-0.04) 1.09(0.56) 0.94 (-0.39 0.94 (-0.35) 0.88 (-0.74) 0.90 (-0.69 1.06(0 37) 101(0 04) 
7 0.99 (-0.08) 1.06(0.35) 0.93 (-0.42) 0.94 (-0.32) 0.87 (-0.72) 0.89 (-0.62) 1.08(0.43) 101(0 05 
8 0.99 (-0.06) 1.03(0.19) 0.93 (-0.37) 0.95 (-0.27) 0.86 (-0.71) 0.89 (-0.58) 1.09(0.46) 101(006) 
9 0.98 (-0.10) 1.00(0.01) 0.94 (-0.30) 0.95 (-0.26) 0.85 (-0.71) 0.89 (-0.59 1.10(045) 101(004) 
10 0.97 (-0.13) 0.98 (-0.11) 0.93 (-0.32) 0.93 (-0.32) 0.84 (-0.73) 0.88 (-0.57) 1.10(0.44) 100(000) 
11 0.98 (-0.07) 0.96 (-0.17) 0.93 (-0.30) 0.93 (-0.29) 0.84 (-0.68) 0.88 (-0.59 1.12(0.49) 101(003) 
12 0.99 (-0.04) 0.95 (-0.22) 0.94 (-0.26) 0.93 (-0.29) 0.84 (-0.68) 0.87 (-0.54) 1.13(0.53) 1.01(005) 

15 0.99 (-0.03) 0.90 (-0.36) 0.95 (-0.17) 0.92 (-0.30) 0.83 (-0.64) 0.87 (-0.50) 1.16(0.56) 1.02(0 06) 
18 0.96 (-0.13) 0.86 (-0.48) 0.96 (-0.19 0.90(0.39 0.81(0.64) 0.85 (-0.51) 1.14(0.47) 0.99 (-0 02) 
21 0.93 (-0.22) 0.81 (-0.61) 0.95 (-0.17) 0.86 (-0.49 0.78 (-0.69) 0.81 (-0.61) 1.09 (0.28) 0.94 (-0 18) 
24 0.85 (-0.42) 0.72 (-0.81) 0.89 (-0.32) 0.78 (-0.69 0.72 (-0.82) 0.72 (-0.89 1-00 (0.00) 0.85 (-0.43) 
27 0.78 (-0.60) 0.65 (-0.98) 0.83 (-0.50) 0.70 (-0.83) 0.66 (-0.94) 0.64 (-1.02) 0.91 (-0.23) 0.77 (-0 63) 
30 0.76 (-0.63) 0.62 (-1.01) 0.79 (-0.56) 0.66(0.89) 0.66(0.91) 0.61 (-1.09 0.87 (-0.33) 0.73 (-0.69) 
33 0.72 (-0.68) 0.59 (-1.04) 0.75 (-0.69 0.62 (-0.97) 0.65 (-0.89) 0.57 (-1.10) 0.83 (-0.41) 0.70 (-0.76) 
36 0.69 (-0.74) 0.55 (-1.08) 0.71 (-0.71) 0.58 (-1.02) 0.63 (-0.90) 0.54 (-1.13) 0.80 (-0.46) 0.66 (-0.81) 
39 0.62 (-0.86) 0.51 (-1.19 0.68 (-0.78) 0.54 (-1.07) 0.61 (-0.91) 0.50 (-1.19) 0.78 (-0.50) 0.62(0.87) 
42 0.54 (-1.02) 0.45 (-1.24) 0.61 (-0.90) 0.50 (-1.13) 0.57 (-0.97) 0.45 (-1.27) 0.73 (-0.59) 0.56(0.97) 
45 0.47 (-1.13) 0.40 (-1.32) 0.58 (-0.93) 0.48 (-1.14) 0.55 (-0.98) 0.43 (-1.28) 0.70(0.69 0.52 (-1.03) 
48 0.44 (-1.17) 0.36 (-1.36) 0.57 (-0.94) 0.47 (-1.12) 0.55 (-0.95) 0.42 (-1.29 0.70 (-0.63) 0.51 (-1.03) 

51 0.42 (-1.18) 0.34 (-1.36) 0.56 (-0.92) 0.48 (-1.08) 0.57 (-0.90) 0.42 (-1.22) 0.72 (-0.57) 0.52 (-0.99) 
54 0.41 (-1.16) 0.34 (-1.32) 0.58 (-0.88) 0.50 (-1.01) 0.59 (-0.83) 0.44 (-1.16) 0.76 (-0.48) 0.54(0.93) 
57 0.43 (-1.11) 0.36 (-1.26) 0.59 (-0.82) 0.53 (-0.93) 0.62 (-0.79 0.45 (-1.09) 0.80 (-0.40) 0.56(0.86) 
60 0.45 (-1.09 0.38 (-1.19) 0.63 (-0.73) 0.55 (-0.86) 0.66 (-0.66) 0.47 (-1.03) 0.83 (-0.32) 0.59 (-0.78) 
63 0.45 (-1.01) 0.39 (-1.16) 0.65 (-0.67) 0.56 (-0.83) 0.68 (-0.60) 0.47 (-1.01) 0.85(0.27) 0.60 (-0.75) 
66 0.46 (-0.99) 0.38 (-1.14) 0.67 (-0.62) 0.56 (-0.82) 0.69 (-0.58) 0.47 (-0.99) 0.86 (-0.29 0.60 (-0.73) 
69 0.46 (-0.97) 0.38 (-1.13) 0.70 (-0.56) 0.55 (-0.81) 0.70 (-0.54) 0.47 (-0.98) 0.87(0.24) 0.60 (-0.71) 
72 0.46 (-0.99 0.38 (-1.11) 0.73 (-0.50) 0.55 (-0.80) 0.72 (-0.50) 0.47 (-0.99 0.87 (-0.24) 0.60 (-0.70) 
75 0.44 (-0.96) 0.36 (-1.12) 0.73 (-0.48) 0.53 (-0.82) 0.71 (-0.50) 0.46 (-0.96) 0.84 (-0.27) 0.58(0.72) 
78 0.43 (-0.97) 0.34 (-1.13) 0.73 (-0.46) 0.51 (-0.84) 0.71 (-0.49) 0.45(0.96) 0.83 (-0.29) 0.56(0.74) 
81 0.42 (-0.97) 0.33 (-1.13) 0.75 (-0.43) 0.50 (-0.84) 0.71 (-0.48) 0.45 (-0.93) 0.83 (-0.29) 0.56 (-0.73) 
84 0.41 (-0.96) 0.34 (-1.11) 0.76 (-0.41) 0.49 (-0.84) 0.72 (-0.47) 0.46 (-0.90) 0.83 (-0.27) 0.56 (-0.72) 

87 0.42 (-0.94) 0.35 (-1.07) 0.78 (-0.37) 0.49 (-0.83) 0.73 (-0.44) 0.48 (-0.86) 0.85(0.24) 0.57 (-0.70) 
90 0.41 (-0.94) 0.35 (-1.09 0.78 (-0.36) 0.49 (-0.82) 0.74 (-0.43) 0.48(0.89 0.86 (-0.22) 0.57 (-0.69) 
93 0.41 (-0.93) 0.35 (-1.03) 0.78 (-0.39 0.49 (-0.80) 0.74 (-0.41) 0.47 (-0.84) 0.88 (-0.19) 0.57 (-0.68) 
96 0.42 (-0.91) 0.36 (-1.01) 0.80 (-0.32) 0.50 (-0.78) 0.75 (-0.39) 0.48 (-0.83) 0.91 (-0.19 0.58 (-0.69 
99 0.43 (-0.88) 0.36 (-0.99) 0.81 (-0.30) 0.52 (-0.74) 0.77 (-0.36) 0.49 (-0.80) 0.93 (-0.11) 0.60 (-0.61) 
102 0.44 (-0.89 0.36 (-0.98) 0.82 (-0.29) 0.53 (-0.71) 0.78 (-0.33) 0.49 (-0.79) 0.95(0.08) 0.61 (-0.58) 
105 0.47 (-0.80) 0.36 (-0.97) 0.84 (-0.29 0.56 (-0.66) 0.81 (-0.29) 0.50 (-0.79 0.97(0.04) 0.64 (-0.54) 
108 0.48 (-0.77) 0.37 (-0.99 0.85 (-0.23) 0.58 (-0.63) 0.82 (-0.26) 0.51 (-0.74) 0.99(0.01) 0.65 (-0.51) 
111 0.50 (-0.73) 0.38 (-0.92) 0.86 (-0.21) 0.59 (-0.60) 0.84(0.24) 0.51 (-0.73) 1.00(0.00) 0.67(0.49) 
114 0.53 (-0.68) 0.41 (-0.87) 0.89 (-0.17) 0.62 (-0.59 0.87 (-0.19) 0.53 (-0.69) 1.02(0.04) 0.70 (-0.44) 
117 0.54 (-0.66) 0.42 (-0.84) 0.90 (-0.19 0.63 (-0.52) 0.90 (-0.19 0.54 (-0.67) 1.05(0.06) 0.72(0.40) 
120 0.56 (-0.62) 0.43 (-0.81) 0.92 (-0.11) 0.65 (-0.49) 0.93 (-0.10) 0.56(0.63) 1.06(0.09) 0.74(0.36) 

AVS 0.54 (-0.99 0.45 (-1.17) 0.67 (-0.73) 0.56 (-0.96) 0.63 (-0.81) 0.49 (-1.11) 0.81 (-0.41) 0.61 (-0.83) 
AVM 0.50 (-0.99 0.42 (-1.14) 0.70 (-0.62) 0.54 (-0.91) 0.66 (-0.69) 0.48 (-1.04) 0.82 (-0.39 0.60(0.79) 
AVL 0.50 (-0.90) 0.41 (-1.09) 0.74 (-0.52) 0.55 (-0.84) 0.71 (-0.58) 0.49(0.96) 0.86 (-0.27) 0.61 (-0.71) 
MNS 0.41 (-1.18) 0.34 (-1.36) 0.56 (-0.94) 0.47 (-1.14) 0.55(0.98) 0.42 (-1.28) 0.70 (-0.69 0.51 (-1.03) 
MNM 0.40 (-1.18) 0.33 (-1.36) 0.56 (-0.94) 0.47 (-1.14) 0.55 (-0.98) 0.42 (-1.28) 0.70 (-0.69 0.51 (-1.03) 
MNL 0.40 (-1.18) 0.33 (-1.36) 0.56 (-0.94) 0.47 (-1.14) 0.55 (-0.98) 0.42 (-1.28) 0.70(0.69 0.51 (-1.03) 

respectively the arithmetic means of the relevant measures (either variance ratios or t values) for the horizons between 25 months and 72 
months, between 25 months and 96 months, and between 25 months and 120 months. MNS, MNM, and MNL are respectively the minima 
of the relevant measures (either variance ratios or t values) for the horizons between 25 months and 72 months, between 25 months and 
96 months, and between 25 months and 120 months. The variance of monthly observations is the base variance for calculating variance 
ratios (see equation 4.2 of this dissertation). Variance ratio t values are based on equation (B.19) of this dissertation, which is developed 
by Lo and MacKinlay (1988) under the assumption that random variables of interest are serially uncorrelated and heteroscedasticaUy 
distributed. 
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.7 

Table 4.15 
Time Series Means of Coefficient Estimates for the Cross-sectional Regression of 

the Next Period Value-weighted Returns on Betas Estimated at the End of the 
Current Period under the Crawl Forward Size Portfolio Formation Approach 

Port. Sample content Sample period Return measure 7o Yx Rd 

CA 

CB 

CC 

CD 

NYSE 
(all stocks) 

NYSE 
(all stocks) 

NYSE 
(all stocks) 

NYSE/AMEX 
(all stocks) 

July/35-Dec./96 Value-weighted 

July/45-Dec./96 Value-weighted 

July/55-Dec./96 Value-weighted 

July/65-Dec./96 Value-weighted 

0.0069 
(3.72) 

0.0084 
(4.22) 

0.0064 
(2.56) 

0.0096 
(3.00) 

0.0013 
(0.98) 

-0.0012 
(-0.91) 

-0.0009 
(-0.45) 

-0.0034 
(-1.45) 

0.09 

0.08 

0.12 

0.14 

Numbers in parentheses below the coefficient estimates are / statistics. R is the time series 
(arithmetic) mean of the R-squares of the cross sectional regression during the period in which the 
regression is run. Coefficients y0

 a nd Yi a r e obtained from the following procedure: First, at the 
end of month t, the following OLS cross sectional regression is run to obtain yQ, and yx,: 

W.\»+i - RFt+i = Yo,t + YIAJ + eitM , i = 1,..., 25 . 

NR, ,+x is portfolio i' s value-weighted nominal return for month t +1 , RFI+X is the t-bill rate for 

month t + 1 , and bit, is portfolio V s beta for month t . Then, t statistics of the two coefficients are 

obtained according to: 

tc = c = 0,\, 7C= + X^." s^7c)= ^^(Yct-Yc) S(yc)/Jr^\' ,=0 v ,=0 

T is the number of periods (months) during which the cross sectional regression is run. bit, is 

obtained through the following OLS time series regression: 
ANRij = a, f + bit,ARMj + e,j, ;' = / - 59, • • •, t. 

ANRij is the annual value-weighted nominal return of portfolio i at the end of month ; and is 

obtained by compounding portfolio i's 12 monthly value-weighted nominal returns preceding the 
beginning of month ; +1 . ARM; is the annual value-weighted nominal return, measured at the end 

of month ; , of the market portfolio consisting of all the stocks in the 25 annually adjusted size 
portfolios and is obtained by compounding the market portfolio's 12 monthly value-weighted nominal 
returns preceding the beginning of month j + l. 
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the beta coefficient estimate) is near zero, the intercept estimate will be quite close to the 

mean of the dependent variable (i.e., the mean of the 25 portfoUo excess returns). 

Therefore, monthly estimates of expected excess return of a portfolio are likely to be 

dominated by the cross sectional average of the 25 portfolio excess returns for the month. 

Consequently, the time series variation of a portfoUo's expected excess returns is primarily 

caused by the time series variation of the cross sectional average of the 25 portfolio excess 

returns. Furthermore, since the beta coefficient is not significant in the cross sectional 

regressions, estimates of expected excess returns may not be truly meaningful. Therefore, 

the variance ratio test results for expected excess returns and residual returns of the crawl 

forward size portfolios are not reported. 

In summary, the significant variance ratios (at the 5 percent level) for the 100 

crawl forward size portfolios are all greater than one and happen at both short and long 

horizons. Except for the CD portfolios of which portfolios with low size ranks tend to 

have significant serial correlation in excess returns, CA, CB, and CC portfoUos with 

significantly autocorrelated excess returns appear to scatter all over the 25 size ranks. 

Most of the 100 crawl forward size portfolios have smaUer-than-one variance ratios at 

long horizons. Although none of them is significantly different from one at the 5 percent 

level, about a quarter of the 100 crawl forward size portfoUos have variance ratios that are 

significantly smaUer than one within or around the 20 percent level. In particular, the most 

significant one is within the 11 percent level. There is no correlation between the size rank 

of a portfolio and the importance of the portfoUo's stationary price components. The 

index (market) portfolios do not have the strongest statistical implication of stationary 

price components. In addition, the importance of stationary price components (in terms of 

variance ratios and their t values) across the 25 size ranks is quite different. These results 

indicate that the crawl forward size portfolio formation approach does not appear to 

distinguish individual stocks from one another in terms of the importance of stationary 

price components. Therefore, the importance of stationary price components might be 

mitigated under the crawl forward size portfoUo formation approach. In this sense, 

variance ratio test results in Tables 4.11-4.14 indeed provide us a great deal of confidence 
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in the existence of stationary components in stock prices. In particular, the results seem to 

suggest that at least for some stocks, there are stationary components in their prices. On 

the other hand, there is no evidence supporting that for the crawl forward size portfolios, 

betas have a predictive power on returns. It was argued that this might be primarily 

caused by the fact that the crawl forward size portfolio formation approach cannot spread 

returns (and hence betas) enough to effectively test for the predictive power of betas on 

returns. 

4.2.1.3 Comparative Remarks about Variance Ratio Test Results 
for the Annually Adjusted Size PortfoUos and the 
Crawl Forward Size Portfolios 

Unlike the finding in Tables 4.11-4.13 that significantly autocorrelated (at the 5 

percent level) excess return series for CA, CB, and CC portfolios tend to space out, the 

result in Table 4.14 indicates that smaU CD portfoUos tend to have significantly 

autocorrelated excess returns, while big CD portfolios tend to have seriaUy uncorrelated 

excess returns. The observation for CD portfoUos is much sirrrilar to that for the 25 

NYSE/AMEX annuaUy adjusted size portfolios in Table 4.7. On the other hand, there 

appears to be a linear association between the size rank of an annually adjusted size 

portfolio and the importance of the portfolio's stationary price components, whUe this is 

not the case for a crawl forward size portfoUo. We know that like the annuaUy adjusted 

size portfolios, CD portfolios include both NYSE and AMEX stocks, while other crawl 

forward size portfolios consist of only NYSE stocks. As shown in Tables 4.1 and 4.5, 

AMEX stocks tend to be smaller than NYSE stocks, so they are more likely to end up in 

smaU size CD portfoUos. Hence, smaU CD portfolios are more likely to be dominated by 

AMEX stocks, whereas big CD portfolios are more likely to be dominated by NYSE 

stocks. On the other hand, the annually adjusted portfolios are adjusted at the end of June 

of each year, while the crawl forward portfoUos are never adjusted during their sample 

periods. I have conducted some experiments to examine whether the previous 

observations regarding variance ratio test results for the crawl forward size portfolios and 
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for the annually adjusted size portfolios can be explained either by the addition of AMEX 

stocks or by the difference in portfolio formation, or by both. 

For the moment, I focus on two other sets of annually adjusted size portfolios, 

which are based on the NYSE/AMEX stocks. Twenty-five NYSE annuaUy adjusted size 

portfolios, denoted by ANl - AN25, are formed by evenly dividing only the NYSE stocks 

into 25 groups according to the size (market equity) ranks of these individual stocks at the 

end of June of each year, for the period from July 1926 to December 1996 and variance 

ratios, along with their t values, for (value-weighted) excess returns of the 25 NYSE 

annuaUy adjusted size portfoUos are calculated for the period from June 1932 to December 

1996. Similarly, another 25 AMEX annually adjusted size portfolios using only the 

AMEX stocks, denoted by AX 1 - AX 25, are formed for the period from July 1963 to 

December 1996 and variance ratios, along with their t values, for (value-weighted) excess 

returns of these 25 portfolios are calculated for the period.125 Tables 4.16 and 4.17 

present variance ratio test results, respectively, for the 25 NYSE and the 25 AMEX 

annuaUy adjusted size portfolios. Only portfolios ANl and AN 10 have variance ratios 

significantly greater than one at the 5 percent level. Like the results for the 25 

NYSE/AMEX annuaUy adjusted size (i.e., AS ) portfolios in Table 4.7, these significant 

variance ratios of the 25 NYSE annually adjusted size portfolios all happen at short 

horizons (within 3 months). On the other hand, except for portfolios AY 10 and AX 25, 

125 The 25 NYSE annually adjusted size portfoUos are formed in exactly the same 
way as the 25 NYSE/AMEX annually adjusted size portfolios, except that the 25 NYSE 
annuaUy adjusted size portfolios consist of only NYSE stocks (see section 3.3.2.2 of this 
dissertation for a detailed description of the procedure). The original sample period for 
these 25 portfolios is from July 1926 to December 1996. To make the variance ratio test 
results for these portfolios comparable to those in Table 4.7, a 71-month lag adjustment is 
made to the original sample period. Therefore, the final sample for these 25 NYSE 
portfoUos starts from June 1932 and ends December 1996. By using the same portfolio 
formation procedure as the 25 NYSE annually adjusted size portfolios, the 25 AMEX 
annually adjusted portfolios are also formed at the end of June of each year using only 
AMEX stocks. Since the AMEX stocks are added into the CRSP tape in July 1962, 
excess returns of the 25 AMEX annually adjusted size portfolios start from July 1963 and 
end in December 1996. Note that there is no lag adjustment for the sample period for 
these 25 AMEX portfolios. 
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aU the 25 AMEX annually adjusted size portfoUos have variance ratios significantly 

different from one at the 5 percent level. Like previous results for annually adjusted size 

portfolios, aU the significant variance ratios for the AMEX annuaUy adjusted size 

portfolios are greater than one and happen only at short horizons (within 8 months). 

These observations for the 25 NYSE and the 25 AMEX annuaUy adjusted size portfoUos 

are consistent with the result in Tables 4.7 that small NYSE/AMEX annually adjusted size 

portfolios tend to have significantly autocorrelated excess returns. To be more specific, 

since AMEX stocks tend to be smaUer than NYSE stocks, the significant autocorrelation 

in excess returns of smaU NYSE/AMEX annuaUy adjusted size portfoUos is primarily due 

to AMEX stocks. 

With regard to the importance of the statistical impUcation of mean reversion in 

excess returns for both the 25 NYSE (i.e., AN) and the 25 AMEX (i.e., AX ) annuaUy 

adjusted size portfolios, there is no relationship between the importance of smaUer-than-

one variance ratios (in terms of variance ratios and their t values) for their excess returns 

and their size ranks.126 Therefore, at this moment, it is not clear why as shown in Table 

4.7, big NYSE/AMEX annually adjusted size portfolios tend to have more prominent 

statistical impUcations of stationary price components than small NYSE/AMEX annuaUy 

adjusted size portfolios. Nevertheless, the results in Tables 4.7,4.11-4.14,4.16 and 4.17 

indicate that at least, it is not due to the difference in portfolio formation approach. On 
• 

the other hand, Tables 4.16 and 4.17 also indicate that the 25 NYSE annuaUy adjusted size 

portfolios appear to have stronger statistical implications of stationary price components 

than the 25 AMEX annuaUy adjusted size portfolios (in terms of variance ratios and their 

t values). 

126 Spearman rank correlation coefficients using the 12 measures for the 
significance of statistical impUcations of stationary price components range from 0.10 to 
0.62. However, only four of the 12 coefficients exceed the one percent critical value 0.51. 
On the other hand, the 12 Spearman rank correlation coefficients for the AMEX annually 
adjusted size portfolios range from -0.13 to 0.29. Therefore, the results indicate that for 
both the 25 NYSE and the 25 AMEX annually adjusted size portfolios, there appears to 
be no correlation between the importance of stationary price components and the size 
rank. 
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The next step is to look at variance ratio test results for two other sets of crawl 

forward size portfolios, which are based on the sample stocks of the CD portfolios. A set 

of 25 NYSE crawl forward size portfolios, denoted by CNl - CN 25, is formed by evenly 

dividing only the NYSE stocks existing at the end of June of 1965 into 25 groups 

according to the historical average size measure (see equation 3.19 of this dissertation) 

ranks of the individual stocks for the period from July 1965 to December 1996. Variance 

ratios, along with their t values, for excess returns of these 25 NYSE crawl forward size 

(i.e., CN) portfolios for the period from June 1971 to December 1996 are reported in 

Table 4.18. Sirmlarly, another 25 AMEX crawl forward size portfolios, based on only the 

AMEX stocks existing at the end of June of 1965 and denoted by CXI - CX25, are 

formed. Variance ratios and their t values for excess returns of these 25 AMEX crawl 

forward size portfoUos for the period from June 1971 to December 1996 are calculated 

and presented in Table 4.19. Only 6 of the 25 AMEX crawl forward size (i.e., CX ) 

portfoUos have significantly positively autocorrelated excess returns at the 5 percent level. 

The significant variance ratios are all greater than one and some of them happen at 

horizons up to 24 months. However, the CX portfolios with significantly positively 

autocorrelated excess returns spread all over the 25 size ranks. In particular, the first six 

of the 25 CX portfolios do not have significantly positively autocorrelated excess returns. 

This is in contrast with the results for the 25 AMEX annuaUy adjusted size portfolios in 

Table 4.17. On the other hand, like the results for the 25 NYSE annuaUy adjusted size 

(i.e., AN ) portfolios, only a few portfolios such as CNl, CN2, and C7V10 have 

significant autocorrelation (at the 5 percent level) in their excess returns. Moreover, just 

as with previous results for the 25 AN portfoUos, these significant variance ratios are all 

greater than one and happen only at short horizons. 

The results in Tables 4.18 and 4.19, together with the results in Tables 4.16 and 

4.17, indicate that it is not clear why we have the observation in Table 4.14 that small CD 

portfolios tend to have significantly positively autocorrelated excess returns; however, it 

does not appear to be caused either by AMEX stocks or by the crawl forward size 

portfolio formation approach, or by both. On the other hand, compared with the result in 
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Tables 4.18 and 4.19 that CN and CX portfolios with significantly positively 

autocorrelated excess returns tend to space out, the result in Table 4.17 that almost all the 

AX portfolios have significantly positively autocorrelated excess returns indicates that the 

difference in portfolio formation procedure may contribute to the observation that smaU 

annually adjusted size portfolios (i.e., those with low size ranks) are more likely to have 

significantly autocorrelated excess returns.127 To be more specific, the annual adjustment 

portfolio formation process appears to create "securities" (i.e., portfolios) with the 

property that low size-rank portfolios tend to have significantly positively autocorrelated 

excess returns. In particular, the annual adjustment size portfolio formation approach has 

a bigger impact on the AMEX stocks than on the NYSE stocks in that regard. 

As shown in Table 4.19, all the 25 NYSE crawl forward size (i.e., CN ) portfolios 

have smaUer-than-one variance ratios at long horizons, particularly between 25 months 

and 96 months. Although none of the smaUer-than-one variance ratios is significantly 

different from one at the 5 percent level, about forty percent of the 25 CN portfolios (10 

out of the 25) have smaUer-than-one variance ratios with t values significant around or 

within the 20 percent level. On the other hand, about 22 of the 25 AMEX crawl forward 

size (i.e., CX ) portfolios have smaUer-than-one variance ratios at long horizons. None of 

these smaUer-than-one variance ratios for the CX portfolios is, however, significantly 

different from one at the 5 percent level. Compared with the 25 NYSE crawl forward size 

portfoUos, the 25 CX portfolios have weaker statistical implications of stationary price 

components (in terms of variance ratios and their t values). Furthermore, like the 25 

127 Note that with the exception of portfolio ANl, aU the small AN portfolios in 
Table 4.16 (e.g., the first 8 of the 25) do not have significantly positive autocorrelation in 
their excess returns; aU the big AN portfolios (e.g., the last 8 out of the 25) do not have 
significantly positively autocorrelated excess returns either. Therefore, although the result 
in Table 4.16 does not directly support the conclusion, it does not contradict the 
conclusion either. 

128 There is one interesting observation. By comparing variance ratio test results in 
Table 4.18 with those in Table 4.19, it can be seen that CN portfoUos have stronger 
statistical implications of stationary price components (in terms of variance ratios and their 
t values) than CX portfolios. However, the MCN portfolio, which consists of all the 
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CD portfolios, CN and CX portfolios do not have a significant correlation coefficient 

between the size rank and the statistical impUcation of stationary price components.129 

Note that the sample period for the 25 NYSE/AMEX annually adjusted size (i.e., 

AS ) portfoUos and the 25 NYSE annually adjusted size (i.e., AN ) portfoUos starts from 

June 1932; however, the sample period for the 25 June-1965 NYSE/AMEX crawl 

forward size (i.e., CD ) and the 25 June-1965 NYSE crawl forward size (i.e., CN) 

portfolios starts from June 1971. In order to further investigate whether in contrast to the 

crawl forward size portfolio formation approach, the annual adjustment size portfolio 

formation approach is more likely to induce significant autocorrelation in excess returns of 

portfoUos with low size ranks in a more efficient manner, I calculate variance ratios and 

their t values for another two sets of portfolio return series. First, I truncate the original 

sample period of the 25 NYSE/AMEX annually adjusted size (i.e., AS) portfolios in such 

a way that the new sample period is from June 1971 to December 1996. These 25 new 

portfolio return series are denoted as ASDl - ASD25. Similarly, I truncate the original 

sample period of the 25 NYSE annually adjusted size (i.e., AN ) portfoUos in such a way 

that the new sample starts from the end of June of 1971 and ends at the end of December 

1996. These 25 new portfolio return series are denoted as ASNl- ASN 25. Since the 

new sample period is the same as the sample period for the CD portfolios, I am now able 

to control for the sample period factor. Tables 4.20 and 4.21, respectively, present the 

variance ratio test results for excess returns of ASD and ASN portfoUos. Since all the 

significant variance ratios (at the 5 percent level) happen within the 4-month horizon, the 

stocks in the 25 CN portfoUos, does not have stronger statistical impUcations of 
stationary price components than the MCX portfolio, which consists of all the stocks in 
the 25 CX portfolios. This says that the validity of a test for the existence of stationary 
price components is sensitive to the choice of return series. 

129 The Spearman rank correlation coefficient between the size rank of a CN 
portfolio and the statistical implication of the portfolio's stationary price components, 
measured by the minimum variance ratio t value for the horizons between 25 months and 
96 months, is only 0.20, while the other 11 coefficient estimates range from -0.04 to 0.28. 
On the other hand, for the 25 CX portfolios, the 12 Spearman rank correlation coefficient 
estimates fall within the range from 0.27 to 0.40. 
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tables report variance ratio test results only up to the 6-month horizon.130 Table 4.20 

indicates that fourteen of the 25 ASD portfoUos have significantly positive 

autocorrelation in their excess returns. In particular, all these fourteen portfolios are from 

portfolios ASDI-ASDIS. Furthermore, portfolios ASDll - ASD25 never have 

significant autocorrelation in their excess returns. Table 4.21 shows that fourteen of the 

25 ASN portfoUos have significantly positive autocorrelation in their excess returns. In 

particular, aU these 14 portfolios are from portfolios ASN I - ASN 15, whereas portfolios 

ASN 16- ASN25 do not have significant autocorrelation in their excess returns. 

Therefore, the results in Tables 4.20 and 4.21 lend more support to the assertion that 

compared with the crawl forward size portfolio formation approach, the annually adjusted 

size portfoUos is more likely to induce significantly positive autocorrelation in portfoUo 

excess returns, particularly for portfolios with low size ranks. 

Contrasting the results in Tables 4.7, 4.16, 4.17, 4.20, and 4.21 with the results in 

Tables 4.11-4.14,4.18, and 4.19 can make the whole picture more obvious. Figure 4.1 

outlines the picture in a more precise manner. Five interesting conclusions are stated as 

foUows: First, it is not clear why the 25 NYSE/AMEX annually adjusted size (i.e., AS ) 

portfoUos have a linear association between the size rank of a portfoUo and the importance 

of the portfoUo's stationary price components, while this is not the case for the crawl 

forward size (i.e., CA, CB, CC, and CD ) portfoUos. However, by comparing the 

results in Tables 4.7,4.16, and 4.17 with the results in Table 4.11-4.14,4.18, and 4.19, it 

can be concluded that at least the difference in portfolio formation approach does not 

contribute to the linear association between the size rank of a portfoUo and the importance 

of the portfoUo's stationary price components. Second, by comparing the results in Tables 

4.7, 4.16, 4.17, 4.20, and 4.21 with results in Tables 4.11-4.14, 4.18, and 4.19, it can be 

130 Since my primary Concern for including Tables 4.20 and 4.21 is to give more 
support to the assertion that annual adjustment portfolio formation approach is more likely 
to induce significantly positive autocorrelation in excess returns than the crawl forward 
size portfolio formation approach. In order to save space, the variance ratios and t 
values for long-horizon excess returns are not reported. In fact, these variance ratio test 
results provide consistent support to the previous conclusions regarding the statistical 
implication of stationary price components in this dissertation. 
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seen that annually adjusted size portfolios are more likely to have significantly positively 

autocorrelated returns than crawl forward size portfolios. In particular, the annual 

adjustment size portfolio formation approach tends to induce significantly positive 

autocorrelation in excess returns of smaU size portfoUos and it has more impact on AMEX 

stocks than on NYSE stocks. Third, by comparing the results in Tables 4.16 and 4.17 

with the results in Tables 4.18 and 4.19, it can be seen that at least across the 25 size-rank 

portfoUos, NYSE stocks appear to have stronger statistical implications of stationary price 

components than AMEX stocks. That is, compared with those in AMEX stock prices, 

stationary components in NYSE stock prices play a more important role in determining 

the stock price behavior. 

Four, by examining across the results in Tables 4.11, 4.12,4.13, and 4.14, it can be 

seen that with the exception of CD portfolios, the significance of statistical implications 

of stationary price components (in terms of smaUer-than-one variance ratios and their t 

values) increases from CA portfolios to CB portfolios then to CC portfolios. We know 

that CA, CB, and CC portfolios include only the NYSE stocks whUe CD portfolios are 

based on both NYSE and AMEX stocks. As just shown, the 25 June-1965 NYSE crawl 

forward size (i.e., CN) portfolios which exclude the AMEX stocks, have prominent 

statistical implications of stationary price components. Therefore, the decrease in the 

importance of stationary price components for CD portfoUos, particularly for the small 

ones (i.e., those with low size ranks), is probably due to the inclusion of AMEX stocks. 

Although it appears that CN portfolios on average do not have more significant statistical 

implications of stationary price components than CC portfolios, the difference is quite 

slight Since CA, CB, CC, and CN portfoUos appear to have stronger statistical 

implications of stationary price components in that order and since the sample periods for 

these four sets of portfolios telescope in that order, this seems to suggest that at least for 

the NYSE stocks, stationary price components appear to become more prominent for the 

more recent periods. 

Five, by comparing the results for annually adjusted size portfolios in Tables 4.7, 

4.16, and 4.17 with the results in Tables 4.11-4.14, 4.18, and 4.19, it can be seen that 
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Table 4.16 
Variance Ratios and Their t Values for Value-weighted Excess Returns 

of Annually Adjusted Size Portfolios of Only the NYSE 
Stocks from June 1932 to December 1996 

ANl AN2 AN3 AN4 AN5 AN6 AN7 AN8 AN9 

v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t 
2 1.19 (2.10) 1.19 (1.82) 1.19 (1.79) 1.18 (1.62) 1.15 (1.76) 1.23 (1.90) 1.18 (1.71) 1.21 (1.91) 1.19 (1.69) 
3 1.26 (2.03) 1.24 (1.66) 1.27 (1.83) 1.24 (1.54) 1.23 (1.91) 1.30 (1.79) 1.23 (1.64) 1.27 (1.80) 1.23 (1.51) 
4 1.21 (1.41) 1.15 (0.91) 1.23 (1.34) 1.19 (1.06) 1.20 (1.41) 1.22 (1.16) 1.18 (1.11) 1.21 (1.19) 1.15 (0.86) 
5 1.16 (0.%) 1.09 (0.50) 1.18 (0.94) 1.14 (0.72) 1.15 (0.94) 1.16 (0.75) 1.14 (0.78) 1.17 (0.86) 1.08 (0.43) 
6 1.11 (0.63) 1.05 (0.25) 1.12 (0.60) 1.11 (0.52) 1.11 (0.65) 1.11 (0.50) 1.11 (0.57) 1.15 (0.74) 1.04 (0.19) 
7 1.07(0.38) 1.00 (-0.02) 1.07(0.32) 1.07(0.34) 1.06(0.33) 1.06(0.25) 1.07(0.35) 1.13(0.58) 0.98 (-0.10) 
8 1.04(0.21) 0.95 (-0.24) 1.03(0.11) 1.04(0.18) 1.03(0.15) 1.01(0.04) 1.03(0.14) 1.10(0.42) 0.93 (-0.30) 
9 1.02(0.10) 0.92 (-0.37) 1.00 (-0.01) 1.02(0.09) 1.01(0.07) 0.99 (-0.06) 1.01(0.02) 1.09(0.36) 0.91(0.37) 
10 1.04(0.18) 0.93 (-0.28) 1.02(0.08) 1.05(0.21) 1.04(0.17) 1.01(0.04) 1.03(0.11) 1.12(0.49) 0.94(0.22) 
11 1.08(0.33) 0.97 (-0.13) 1.06(0.22) 1.09(0.35) 1.07(0.31) 1.05(0.18) 1.06(0.24) 1.17(0.65) 0.98 (-0.09) 
12 1.10(0.42) 0.99 (-0.02) 1.09(0.31) 1.12(0.45) 1.10(0.39) 1.08(0.28) 1.08(0.31) 1.20(0.72) 0.98 (-0.06) 

15 1.06(0.22) 0.93 (-0.24) 1.03(0.09) 1.04(0.14) 1.05(0.17) 1.00 (-0.01) 1.00 (-0.01) 1.13(0.43) 0.90(0.32) 
18 1.02(0.05) 0.87 (-0.40) 0.97 (-0.10) 0.99 (-0.02) 1.01(0.04) 0.91 (-0.25) 0.93 (-0.22) 1.07(0.21) 0.83(0.48) 
21 1.00 (-0.01) 0.84 (-0.44) 0.95 (-0.13) 0.97 (-0.09) 1.02(0.05) 0.87 (-0.34) 0.90 (-0.28) 1.04(0.12) 0.81 (-0.52) 
24 0.93 (-0.21) 0.78 (-0.57) 0.89 (-0.29) 0.90 (-0.26) 0.97 (-0.07) 0.80 (-0.50) 0.83 (-0.46) 0.97 (-0.08) 0.74(0.65) 
27 0.89 (-0.30) 0.74 (-0.66) 0.85 (-0.37) 0.85 (-0.35) 0.95 (-0.14) 0.75 (-0.58) 0.78 (-0.56) 0.93 (-0.18) 0.70(0.72) 
30 0.86 (-0.37) 0.71 (-0.70) 0.83 (-0.40) 0.83 (-0.39) 0.94(0.16) 0.73 (-0.61) 0.77 (-0.59) 0.92 (-0.20) 0.68(0.74) 
33 0.85 (-0.38) 0.69 (-0.71) 0.83 (-0.40) 0.82(0.40) 0.93 (-0.16) 0.72 (-0.62) 0.76(0.59) 0.91 (-0.21) 0.67(0.75) 
36 0.87 (-0.33) 0.71 (-0.65) 0.86 (-0.32) 0.83 (-0.36) 0.96 (-0.10) 0.73 (-0.57) 0.77 (-0.54) 0.93(0.16) 0.68(0.72) 
39 0.90 (-0.24) 0.73 (-0.58) 0.89 (-0.24) 0.85 (-0.31) 0.98 (-0.04) 0.75 (-0.52) 0.79 (-0.48) 0.95(0.11) 0.68(0.68) 
42 0.92 (-0.18) 0.75 (-0.53) 0.91 (-0.20) 0.86 (-0.29) 1.00 (-0.01) 0.76 (-0.48) 0.79 (-0.47) 0.96 (-0.08) 0.69(0.66) 
45 0.94 (-0.13) 0.76 (-0.50) 0.92 (-0.16) 0.85 (-0.29) 0.99 (-0.02) 0.77 (-0.45) 0.77 (-0.49) 0.96 (-0.09) 0.68(0.65) 
48 0.94 (-0.12) 0.75 (-0.51) 0.91 (-0.18) 0.84(0.32) 0.97 (-0.06) 0.76 (-0.46) 0.74 (-0.55) 0.94 (-0.13) 0.67 (-0.66) 

51 0.95 (-0.10) 0.75 (-0.49) 0.91 (-0.19) 0.82(0.34) 0.96 (-0.08) 0.76 (-0.46) 0.72 (-0.58) 0.92 (-0.17) 0.67 (-0.67) 
54 0.96 (-0.08) 0.75 (-0.48) 0.90 (-0.20) 0.81 (-0.37) 0.95 (-0.11) 0.75 (-0.46) 0.71 (-0.60) 0.90 (-0.20) 0.66(0.66) 
57 0.95 (-0.11) 0.74 (-0.50) 0.87 (-0.25) 0.78 (-0.41) 0.92 (-0.16) 0.74 (-0.49) 0.68 (-0.65) 0.87 (-0.26) 0.65(0.69) 
60 0.92 (-0.15) 0.72 (-0.53) 0.83 (-0.32) 0.74 (-0.48) 0.89 (-0.21) 0.72 (-0.52) 0.65 (-0.69) 0.83 (-0.33) 0.62 (-0.72) 
63 0.91 (-0.17) 0.71 (-0.54) 0.81 (-0.36) 0.72 (-0.51) 0.88 (-0.23) 0.71 (-0.52) 0.64 (-0.71) 0.82 (-0.35) 0.61 (-0.74) 
66 0.90 (-0.19) 0.70 (-0.55) 0.79 (-0.39) 0.70 (-0.54) 0.87 (-0.24) 0.71 (-0.52) 0.63 (-0.72) 0.80 (-0.37) 0.60 (-0.75) 
69 0.90 (-0.19) 0.70 (-0.55) 0.78 (-0.40) 0.69 (-0.55) 0.87 (-0.24) 0.72 (-0.49) 0.62 (-0.72) 0.80 (-0.37) 0.59(0.75) 
72 0.90 (-0.20) 0.70 (-0.54) 0.77 (-0.42) 0.68 (-0.56) 0.87 (-0.24) 0.73 (-0.48) 0.62 (-0.72) 0.80 (-0.36) 0.59 (-0.75) 
75 0.89 (-0.21) 0.69 (-0.54) 0.76 (-0.43) 0.66 (-0.58) 0.86 (-0.25) 0.72(0.48) 0.60 (-0.74) 0.79 (-0.38) 0.58(0.76) 
78 0.90 (-0.19) 0.70 (-0.53) 0.75 (-0.44) 0.65 (-0.60) 0.85 (-0.26) 0.73 (-0.47) 0.59 (-0.75) 0.79 (-0.39) 0.57(0.76) 
81 0.90 (-0.19) 0.70 (-0.52) 0.74 (-0.45) 0.64 (-0.62) 0.85 (-0.27) 0.72 (-0.47) 0.58 (-0.77) 0.78 (-0.40) 0.57 (-0.76) 
84 0.90 (-0.18) 0.70 (-0.51) 0.74 (-0.45) 0.63 (-0.63) 0.85 (-0.27) 0.72 (-0.47) 0.57 (-0.78) 0.77 (-0.40) 0.57 (-0.76) 

87 0.91 (-0.16) 0.71 (-0.49) 0.73 (-0.46) 0.61 (-0.64) 0.84 (-0.27) 0.72 (-0.47) 0.56 (-0.79) 0.77 (-0.40) 0.56 (-0.76) 
90 0.91 (-0.16) 0.70 (-0.49) 0.73 (-0.46) 0.60(0.66) 0.83 (-0.29) 0.71 (-0.47) 0.54 (-0.80) 0.77 (-0.40) 0.56 (-0.76) 
93 0.91 (-0.16) 0.71 (-0.48) 0.72 (-0.46) 0.59 (-0.66) 0.83 (-0.29) 0.71 (-0.47) 0.53 (-0.81) 0.77 (-0.39) 0.55 (-0.76) 
96 0.90 (-0.17) 0.70 (-0.48) 0.71 (-0.47) 0.58 (-0.68) 0.82 (-0.30) 0.71 (-0.47) 0.52 (-0.82) 0.77 (-0.39) 0.54 (-0.77) 
99 0.90 (-0.17) 0.71 (-0.47) 0.72 (-0.46) 0.57 (-0.68) 0.82 (-0.30) 0.71 (-0.46) 0.52 (-0.82) 0.78 (-0.36) 0.54 (-0.76) 
102 0.90 (-0.17) 0.71 (-0.46) 0.71 (-0.46) 0.56 (-0.69) 0.82(0.30) 0.71 (-0.46) 0.51 (-0.82) 0.79 (-0.35) 0.54 (-0.76) 
105 0.89 (-0.18) 0.70 (-0.46) 0.71 (-0.46) 0.55 (-0.70) 0.81 (-0.31) 0.71 (-0.46) 0.50 (-0.83) 0.79 (-0.34) 0.54(0.76) 
108 0.89 (-0.18) 0.70 (-0.46) 0.71 (-0.46) 0.54 (-0.70) 0.81(0.31) 0.70 (-0.46) 0.49 (-0.84) 0.80 (-0.33) 0.53(0.76) 
111 0.90(-0.17) 0.70(-0.46) 0.72(-0.44) 0.54 (-0.70) 0.81 (-0.30) 0.71 (-0.45) 0.48 (-0.84) 0.81(0.31) 0.53 (-0.75) 
114 0.90 (-0.16) 0.70 (-0.46) 0.72 (-0.44) 0.54 (-0.70) 0.81 (-0.30) 0.71 (-0.45) 0.47 (-0.85) 0.82 (-0.29) 0.53(0.74) 
117 0.91 (-0.15) 0.70 (-0.45) 0.73 (-0.42) 0.54 (-0.68) 0.82 (-0.29) 0.71 (-0.44) 0.47(0.85) 0.83 (-0.26) 0.53 (-0.74) 
120 0.92 (-0.13) 0.71 (-0.43) 0.74 (-0.40) 0.55 (-0.66) 0.83 (-0.27) 0.72 (-0.42) 0.47 (-0.84) 0.86 (-0.23) 0.54 (-0.72) 

AVS 0.91 (-0.20) 0.73 (-0.57) 0.86 (-0.30) 0.80 (-0.40) 0.94 (-0.13) 0.74 (-0.52) 0.72 (-0.60) 0.89 (-0.22) 0.66(0.71) 
AVM 0.91 (-0.20) 0.72 (-0.55) 0.82 (-0.35) 0.74 (-0.48) 0.90 (-0.18) 0.73 (-0.50) 0.67 (-0.66) 0.85 (-0.28) 0.63 (-0.72) 
AVL 0.91 (-0.19) 0.72 (-0.52) 0.79 (-0.37) 0.69 (-0.53) 0.88 (-0.21) 0.73 (-0.49) 0.62 (-0.70) 0.84 (-0.29) 0.60 (-0.73) 
MNS 0.85 (-0.38) 0.69 (-0.71) 0.77 (-0.42) 0.68(0.56) 0.87 (-0.24) 0.71 (-0.62) 0.62 (-0.72) 0.80 (-0.37) 0.59 (-0.75) 
MNM 0.85 (-0.38) 0.69 (-0.71) 0.71 (-0.47) 0.58 (-0.68) 0.82 (-0.30) 0.71 (-0.62) 0.52 (-0.82) 0.77 (-0.40) 0.54 (-0.77) 
MNL 0.85 (-0.38) 0.69 (-0.71) 0.71 (-0.47) 0.54 (-0.70) 0.81 (-0.31) 0.70 (-0.62) 0.47 (-0.85) 0.77 (-0.40) 0.53 (-0.77) 

Monthly excess return is the difference between monthly nominal return and t-bill rate for the month. AM is the ith annually adjusted 
size ranked portfolio. The annually adjusted size portfolios are formed by evenly dividing the NYSE stocks ... (continued on next page) 

202 



Table 4.16 (continued) 
AN10 AN11 AN12 AN13 AN14 AN15 AN16 AN17 AN18 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 
51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 
87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 
AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

v.r. t 
1.17 (1.91) 
1.25 (2.01) 
1.23 (1.56) 
1.19 (1.18) 
1.17 (0.96) 
1.13 (0.70) 
1.10 (0.51) 
1.08 (0.38) 
1.09 (0.42) 
1.12 (0.50) 
1.13 (0.55) 
1.05 (0.20) 
0.99 (-0.04) 
0.94 (-0.18) 
0.86 (-0.42) 
0.80 (-0.58) 
0.76 (-0.66) 
0.73 (-0.70) 
0.73 (-0.68) 
0.74 (-0.64) 
0.74 (-0.62) 
0.74 (-0.62) 
0.72 (-0.64) 
0.71 (-0.65) 
0.70 (-0.65) 
0.69 (-0.68) 
0.66 (-0.71) 
0.65 (-0.72) 
0.65 (-0.73) 
0.65 (-0.71) 
0.65 (-0.70) 
0.64 (-0.71) 
0.64 (-0.71) 
0.63 (-0.71) 
0.63 (-0.70) 
0.63 (-0.69) 
0.62 (-0.70) 
0.62 (-0.69) 
0.62 (-0.68) 
0.62 (-0.67) 
0.62 (-0.66) 
0.62 (-0.66) 
0.62 (-0.65) 
0.63 (-0.63) 
0.64 (-0.61) 
0.64 (-0.60) 
0.66 (-0.57) 
0.71 (-0.66) 
0.68 (-0.67) 
0.67 (-0.66) 
0.65 (-0.73) 
0.62 (-0.73) 
0.62 (-0.73) 

v.r. t 
1.19 (1.70) 
1.25 (1.57) 
1.17 (0.92) 
1.10 (0.50) 
1.06 (0.29) 
1.01 (0.06) 
0.97 (-0.11) 
0.95 (-0.20) 
0.97 (-0.12) 
1.00 (0.01) 
1.02 (0.06) 
0.93 (-0.21) 
0.86 (-0.39) 
0.83 (-0.45) 
0.77 (-0.60) 
0.72 (-0.69) 
0.70 (-0.72) 
0.68 (-0.73) 
0.68 (-0.71) 
0.70 (-0.66) 
0.70 (-0.65) 
0.69 (-0.65) 
0.68 (-0.67) 
0.67 (-0.67) 
0.66 (-0.67) 
0.65 (-0.70) 
0.62 (-0.73) 
0.61 (-0.74) 
0.60 (-0.75) 
0.60 (-0.74) 
0.60 (-0.73) 
0.60 (-0.73) 
0.60 (-0.72) 
0.60 (-0.72) 
0.60 (-0.71) 
0.59 (-0.71) 
0.59 (-0.71) 
0.59 (-0.71) 
0.58 (-0.71) 
0.58 (-0.71) 
0.57 (-0.71) 
0.57 (-0.72) 
0.56 (-0.72) 
0.56 (-0.71) 
0.56 (-0.71) 
0.56(0.71) 
0.56 (-0.69) 
0.66 (-0.70) 
0.64 (-0.71) 
0.62 (-0.71) 
0.60 (-0.75) 
0.58 (-0.75) 
0.56 (-0.75) 

v.r. t 
1.18 (1.55) 
1.23 (1.47) 
1.18 (0.95) 
1.14 (0.66) 
1.13 (0.58) 
1.10 (0.40) 
1.06 (0.24) 
1.04 (0.16) 
1.07 (0.24) 
1.10 (0.36) 
1.12 (0.40) 
1.02 (0.06) 
0.94 (-0.16) 
0.89 (-0.28) 
0.81 (-0.48) 
0.75 (-0.60) 
0.72 (-0.65) 
0.70 (-0.68) 
0.70 (-0.66) 
0.71 (-0.63) 
0.71 (-0.61) 
0.70 (-0.62) 
0.68 (-0.65) 
0.67 (-0.67) 
0.66 (-0.68) 
0.64 (-0.71) 
0.61 (-0.74) 
0.60 (-0.75) 
0.60 (-0.76) 
0.60 (-0.74) 
0.60 (-0.73) 
0.60 (-0.73) 
0.60 (-0.72) 
0.59 (-0.72) 
0.60 (-0.70) 
0.60 (-0.69) 
0.60 (-0.69) 
0.60 (-0.69) 
0.59 (-0.69) 
0.59 (-0.68) 
0.59 (-0.68) 
0.59 (-0.68) 
0.58 (-0.67) 
0.59 (-0.66) 
0.59 (-0.65) 
0.60 (-0.64) 
0.61 (-0.61) 
0.67 (-0.68) 
0.64 (-0.69) 
0.63 (-0.68) 
0.60 (-0.76) 
0.59 (-0.76) 
0.58 (-0.76) 

v.r. t 
1.16 (1.62) 
1.20 (1.43) 
1.14 (0.84) 
1.09 (0.52) 
1.08 (0.38) 
1.03 (0.16) 
0.99 (-0.03) 
0.96 (-0.16) 
0.97 (-0.12) 
0.99 (-0.03) 
1.00 (0.00) 
0.91 (-0.29) 
0.84 (-0.50) 
0.81 (-0.56) 
0.74 (-0.71) 
0.70 (-0.80) 
0.67 (-0.82) 
0.66 (-0.84) 
0.66 (-0.81) 
0.67 (-0.76) 
0.67 (-0.74) 
0.68 (-0.72) 
0.66 (-0.74) 
0.66 (-0.74) 
0.65 (-0.74) 
0.63 (-0.77) 
0.60 (-0.82) 
0.59 (-0.83) 
0.57 (-0.85) 
0.58 (-0.83) 
0.57 (-0.83) 
0.57 (-0.83) 
0.56 (-0.82) 
0.56 (-0.82) 
0.56 (-0.81) 
0.56 (-0.80) 
0.55 (-0.81) 
0.55 (-0.81) 
0.54 (-0.81) 
0.54 (-0.80) 
0.54 (-0.79) 
0.53 (-0.80) 
0.53 (-0.80) 
0.53 (-0.78) 
0.53 (-0.78) 
0.53 (-0.77) 
0.54 (-0.74) 
0.64 (-0.79) 
0.61 (-0.80) 
0.59 (-0.79) 
0.57 (-0.85) 
0.54 (-0.85) 
0.53 (-0.85) 

v.r. t 
1.16 (1.71) 
1.20 (1.54) 
1.12 (0.79) 
1.08 (0.43) 
1.08 (0.42) 
1.06 (0.32) 
1.05 (0.22) 
1.04 (0.17) 
1.06 (0.26) 
1.09 (0.36) 
1.10 (0.39) 
1.03 (0.09) 
0.95 (-0.16) 
0.90 (-0.31) 
0.80 (-0.56) 
0.74 (-0.70) 
0.70 (-0.78) 
0.67 (-0.82) 
0.67 (-0.81) 
0.68 (-0.78) 
0.68 (-0.75) 
0.67 (-0.74) 
0.66 (-0.77) 
0.65 (-0.77) 
0.65 (-0.77) 
0.64 (-0.78) 
0.62 (-0.80) 
0.61 (-0.81) 
0.60 (-0.81) 
0.60 (-0.80) 
0.61 (-0.78) 
0.61 (-0.77) 
0.61 (-0.76) 
0.60 (-0.76) 
0.61 (-0.74) 
0.61 (-0.73) 
0.61 (-0.72) 
0.61 (-0.71) 
0.61 (-0.71) 
0.61 (-0.69) 
0.61 (-0.69) 
0.61 (-0.69) 
0.60 (-0.68) 
0.61 (-0.67) 
0.61 (-0.66) 
0.62 (-0.64) 
0.63 (-0.62) 
0.66 (-0.78) 
0.64 (-0.76) 
0.63 (-0.74) 
0.60 (-0.82) 
0.60 (-0.82) 
0.60 (-0.82) 

v.r. t 
1.20 (1.89) 
1.26 (1.80) 
1.21 (1.20) 
1.17 (0.87) 
1.15 (0.74) 
1.11 (0.52) 
1.08 (0.34) 
1.06 (0.26) 
1.09 (0.36) 
1.13 (0.49) 
1.14 (0.49) 
1.05 (0.18) 
0.99 (-0.03) 
0.96 (-0.12) 
0.88 (-0.32) 
0.83 (-0.43) 
0.80 (-0.48) 
0.79 (-0.50) 
0.80 (-0.46) 
0.82 (-0.41) 
0.82 (-0.39) 
0.81 (-0.40) 
0.79 (-0.44) 
0.78 (-0.46) 
0.76 (-0.48) 
0.74 (-0.52) 
0.71 (-0.57) 
0.70 (-0.58) 
0.70 (-0.58) 
0.71 (-0.56) 
0.71 (-0.54) 
0.71 (-0.54) 
0.71 (-0.53) 
0.71 (-0.53) 
0.71 (-0.52) 
0.72 (-0.51) 
0.72 (-0.50) 
0.72 (-0.48) 
0.72 (-0.47) 
0.74 (-0.45) 
0.74 (-0.44) 
0.74 (-0.43) 
0.75 (-0.42) 
0.76 (-0.39) 
0.77 (-0.37) 
0.79 (-0.35) 
0.81 (-0.31) 
0.77 (-0.48) 
0.75 (-0.49) 
0.75 (-0.47) 
0.70 (-0.59) 
0.70 (-0.59) 
0.70 (-0.59) 

v.r. t 
1.16 (1.64) 
1.20 (1.53) 
1.13 (0.80) 
1.07 (0.42) 
1.06 (0.29) 
1.01 (0.07) 
0.98 (-0.11) 
0.96 (-0.16) 
0.99 (-0.04) 
1.03 (0.10) 
1.04 (0.15) 
0.96 (-0.15) 
0.88 (-0.37) 
0.84 (-0.45) 
0.77 (-0.63) 
0.72 (-0.72) 
0.70 (-0.73) 
0.69 (-0.74) 
0.69 (-0.71) 
0.70 (-0.68) 
0.71 (-0.65) 
0.71 (-0.64) 
0.69 (-0.66) 
0.69 (-0.65) 
0.69 (-0.65) 
0.67 (-0.67) 
0.66 (-0.69) 
0.65 (-0.69) 
0.65 (-0.68) 
0.67 (-0.65) 
0.68 (-0.62) 
0.69 (-0.60) 
0.69 (-0.58) 
0.70 (-0.56) 
0.71 (-0.53) 
0.71 (-0.52) 
0.72 (-0.51) 
0.72 (-0.49) 
0.72 (-0.48) 
0.73 (-0.46) 
0.74 (-0.45) 
0.75 (-0.43) 
0.75 (-0.42) 
0.77 (-0.39) 
0.78 (-0.37) 
0.79 (-0.34) 
0.82 (-0.30) 
0.69 (-0.68) 
0.69 (-0.63) 
0.71 (-0.57) 
0.65 (-0.74) 
0.65 (-0.74) 
0.65 (-0.74) 

v.r. t 
1.11 (1.38 
1.16 (1.40; 
1.12 (0.91 
1.08 (0.55 
1.07 (0.45 
1.04 (0.22 
1.01 (0.07 
1.00 (O.OO; 
1.02 (0.08; 
1.04 (0.16; 
1.03 (0.15 
0.95 (-0.20] 
0.88 (-0.42 
0.84 (-0.54 
0.76 (-0.73 
0.72 (-0.84 
0.68 (-0.90; 
0.66 (-0.94; 
0.65 (-0.93 
0.65 (-0.91 
0.65 (-0.89 
0.64 (-0.89 
0.62 (-0.91 
0.61 (-0.91 
0.61 (-0.91 
0.60 (-0.92] 
0.58 (-0.94 
0.57 (-0.94; 
0.57 (-0.94 
0.57 (-0.93; 
0.56 (-0.93; 
0.55 (-0.93 
0.55 (-0.93; 
0.54 (-0.93; 
0.55 (-0.91 
0.54 (-0.90; 
0.54 (-0.90; 
0.54 (-0.89 
0.54 (-0.89 
0.54 (-0.87) 
0.54 (-0.87) 
0.53 (-0.86; 
0.53 (-0.86; 
0.53 (-0.84; 
0.54 (-0.83 
0.54 (-0.81 
0.55 (-0.79 
0.62 (-0.91 
0.60 (-0.91 
0.58 (-0.89 
0.56 (-0.95) 
0.54 (-0.95) 
0.53 (-0.95) 

v.r. t 
1.14 (1.57) 
1.18 (1.41) 
1.12 (0.79) 
1.08 (0.51) 
1.08 (0.46) 
1.06 (0.29) 
1.03 (0.14) 
1.01 (0.03) 
1.02 (0.10) 
1.04 (0.16) 
1.04 (0.16) 
0.95 (-0.17) 
0.88 (-0.40) 
0.82 (-0.56) 
0.74 (-0.77) 
0.69 (-0.90) 
0.65 (-0.95) 
0.63 (-0.98) 
0.63 (-0.97) 
0.63 (-0.93) 
0.64 (-0.90) 
0.63 (-0.89) 
0.62 (-0.89) 
0.62 (-0.89) 
0.62 (-0.87) 
0.62 (-0.86) 
0.62 (-0.86) 
0.62 (-0.85) 
0.62 (-0.83) 
0.63 (-0.80) 
0.64 (-0.77) 
0.64 (-0.76) 
0.64 (-0.74) 
0.65 (-0.72) 
0.66 (-0.69) 
0.66 (-0.67) 
0.66 (-0.67) 
0.67 (-0.65) 
0.67 (-0.63) 
0.68 (-0.61) 
0.69 (-0.59) 
0.69 (-0.58) 
0.69 (-0.57) 
0.70 (-0.54) 
0.71 (-0.53) 
0.72 (-0.51) 
0.73 (-0.48) 
0.63 (-0.89) 
0.64 (-0.82) 
0.65 (-0.76) 
0.61 (-0.98) 
0.61 (-0.98) 
0.61 (-0.98) 

into 25 groups according to the size (market equity) ranks of these individual stocks at the end of June of each year. MAN is the market 
portfolio consisting of die stocks in the 25 portfolios. Q is the return horizon ranging from 2 months to 120 months. Variance ratios are 
those in the column denoted by "v.r." Numbers inside parentheses in the column denoted by "t" are variance ratio t values. If the 
absolute value of a t value is greater than 1.96, the variance ratio is significantly different from one at the 5 percent level. AVS, AVM, 
and AVL are respectively the arithmetic means of the relevant measures (either variance ratios or t values) for the horizons between 25 
months and 72 months, between 25 months and 96 months, and between 25 months and 120 months. MNS,... (continued on next page) 
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Table 4.16 (continued) 

AN19 AN20 AN21 AN22 AN23 AN24 AN25 MAN 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

v.r. t 
1.15 (1.60) 
1.19 (1.47) 
1.13 (0.87) 
1.11 (0.66) 
1.13 (0.69) 
1.11 (0.57) 
1.09 (0.43) 
1.08 (0.35) 
1.09 (0.41) 
1.11 (0.47) 
1.10 (0.41) 

1.01 (0.02) 
0.91 (-0.28) 
0.85 (-0.46) 
0.77 (-0.67) 
0.72 (-0.79) 
0.69 (-0.84) 
0.67 (-0.86) 
0.67 (-0.84) 
0.67 (-0.82) 
0.66 (-0.81) 
0.65 (-0.83) 
0.62 (-0.87) 

0.61 (-0.90) 
0.60 (-0.90) 
0.58 (-0.93) 
0.56 (-0.96) 
0.55 (-0.97) 
0.55 (-0.97) 
0.55 (-0.94) 
0.56 (-0.91) 
0.56 (-0.90) 
0.56 (-0.90) 
0.55 (-0.89) 
0.56 (-0.86) 

0.57 (-0.84) 
0.57 (-0.83) 
0.57 (-0.82) 
0.57 (-0.81) 
0.58 (-0.78) 
0.58 (-0.77) 
0.58 (-0.76) 
0.58 (-0.76) 
0.59 (-0.74) 
0.59 (-0.72) 
0.60 (-0.70) 
0.62 (-0.67) 

0.62 (-0.88) 
0.60 (-0.87) 
0.60 (-0.84) 
0.54 (-0.97) 
0.54 (-0.97) 
0.54 (-0.97) 

v.r. t 
1.11 (1.12) 
1.13 (0.94) 
1.03 (0.19) 
0.96 (-0.19) 
0.95 (-0.23) 
0.92 (-0.38) 
0.89 (-0.51) 
0.87 (-0.58) 
0.88 (-0.51) 
0.90 (-0.40) 
0.89 (-0.40) 

0.80 (-0.67) 
0.73 (-0.84) 
0.70 (-0.89) 
0.64 (-1.01) 
0.60 (-1.07) 
0.59 (-1.08) 
0.57 (-1.09) 
0.56 (-1.07) 
0.56 (-1.05) 
0.56 (-1.03) 
0.56 (-1.02) 
0.54 (-1.04) 

0.54 (-1.03) 
0.54 (-1.01) 
0.54 (-1.00) 
0.53 (-1.01) 
0.52 (-1.01) 
0.52 (-1.00) 
0.52 (-0.98) 
0.53 (-0.96) 
0.53 (-0.94) 
0.53 (-0.93) 
0.53 (-0.92) 
0.54 (-0.89) 

0.54 (-0.88) 
0.54 (-0.87) 
0.55 (-0.85) 
0.55 (-0.84) 
0.55 (-0.82) 
0.56 (-0.80) 
0.56 (-0.79) 
0.56 (-0.78) 
0.57 (-0.76) 
0.58 (-0.75) 
0.58 (-0.73) 
0.59 (-0.70) 

0.55 (-1.03) 
0.55 (-0.99) 
0.55 (-0.93) 
0.52 (-1.09) 
0.52 (-1.09) 
0.52 (-1.09) 

v.r. t 
1.13 (1.34) 
1.15 (1.10) 
1.06 (0.40) 
1.01 (0.04) 
0.99 (-0.03) 
0.97 (-0.16) 
0.94 (-0.28) 
0.92 (-0.35) 
0.94 (-0.26) 
0.97 (-0.14) 
0.97 (-0.12) 

0.89 (-0.39) 
0.82 (-0.58) 
0.78 (-0.68) 
0.72 (-0.82) 
0.68 (-0.88) 
0.67 (-0.88) 
0.66 (-0.89) 
0.66 (-0.85) 
0.67 (-0.82) 
0.67 (-0.79) 
0.67 (-0.78) 
0.66 (-0.78) 

0.66 (-0.77) 
0.67 (-0.75) 
0.67 (-0.74) 
0.66 (-0.73) 
0.66 (-0.72) 
0.67 (-0.70) 
0.68 (-0.66) 
0.70 (-0.62) 
0.70 (-0.60) 
0.71 (-0.58) 
0.72 (-0.57) 
0.73 (-0.53) 

0.74 (-0.51) 
0.75 (-0.49) 
0.76 (-0.46) 
0.77 (-0.44) 
0.79 (-0.40) 
0.80 (-0.37) 
0.81 (-0.34) 
0.82 (-0.32) 
0.84 (-0.28) 
0.86 (-0.25) 
0.87 (-0.22) 
0.90 (-0.17) 

0.67 (-0.78) 
0.69 (-0.70) 
0.73 (-0.60) 
0.66 (-0.89) 
0.66 (-0.89) 
0.66 (-0.89) 

v.r. t 
1.13 (1.42) 
1.15 (1.14) 
1.06 (0.36) 
1.01 (0.06) 
1.01 (0.06) 
0.98 (-0.09) 
0.95 (-0.22) 
0.95 (-0.23) 
0.97 (-0.11) 
1.00 (0.00) 
1.00 (-0.02) 
0.92 (-0.27) 
0.85 (-0.47) 
0.80 (-0.59) 
0.73 (-0.76) 
0.69 (-0.85) 
0.66 (-0.88) 
0.65 (-0.88) 
0.67 (-0.83) 
0.68 (-0.78) 
0.68 (-0.75) 
0.68 (-0.74) 
0.66 (-0.76) 

0.66 (-0.77) 
0.65 (-0.76) 
0.65 (-0.76) 
0.64 (-0.78) 
0.63 (-0.77) 
0.63 (-0.77) 
0.64 (-0.75) 
0.64 (-0.73) 
0.64 (-0.73) 
0.63 (-0.72) 
0.63 (-0.72) 
0.64 (-0.70) 

0.64 (-0.69) 
0.64 (-0.68) 
0.65 (-0.65) 
0.66 (-0.64) 
0.67 (-0.60) 
0.68 (-0.58) 
0.69 (-0.56) 
0.70 (-0.54) 
0.71 (-0.51) 
0.72 (-0.49) 
0.74 (-0.46) 
0.76 (-0.42) 

0.66 (-0.79) 
0.65 (-0.76) 
0.67 (-0.70) 
0.63 (-0.89) 
0.63 (-0.89) 
0.63 (-0.89) 

v.r. t 
1.10 (1.39) 
1.13 (1.23) 
1.07 (0.58) 
1.05 (0.32) 
1.06 (0.39) 
1.05 (0.29) 
1.04 (0.20) 
1.03 (0.16) 
1.05 (0.26) 
1.07 (0.36) 
1.08 (0.35) 
1.01 (0.05) 
0.97 (-0.11) 
0.93 (-0.24) 
0.87 (-0.44) 
0.84 (-0.52) 
0.82 (-0.53) 
0.82 (-0.52) 
0.84 (-0.45) 
0.86 (-0.39) 
0.87 (-0.35) 
0.87 (-0.33) 
0.87 (-0.35) 

0.86 (-0.35) 
0.87 (-0.32) 
0.87 (-0.31) 
0.87 (-0.31) 
0.88 (-0.29) 
0.88 (-0.27) 
0.90 (-0.23) 
0.92 (-0.18) 
0.93 (-0.15) 
0.95 (-0.12) 
0.96 (-0.09) 
0.98 (-0.04) 

1.00 (0.01) 
1.02 (0.04) 
1.04 (0.08) 
1.06 (0.12) 
1.09 (0.17) 
1.11 (0.21) 
1.13 (0.25) 
1.15 (0.29) 
1.17 (0.34) 
1.20 (0.38) 
1.23 (0.43) 
1.26 (0.49) 

0.86 (-0.36) 
0.90 (-0.25) 
0.97 (-0.11) 
0.82 (-0.53) 
0.82 (-0.53) 
0.82 (-0.53) 

v.r. t 
1.06 (0.73) 
1.06 (0.54) 
0.98 (-0.16) 
0.95 (-0.33) 
0.97 (-0.16) 
0.97 (-0.19) 
0.95 (-0.25) 
0.95 (-0.26) 
0.97 (-0.16) 
0.98 (-0.07) 
0.98 (-0.08) 

0.91 (-0.34) 
0.85 (-0.56) 
0.80 (-0.69) 
0.73 (-0.89) 
0.68 (-1.00) 
0.65 (-1.05) 
0.63 (-1.07) 
0.63 (-1.03) 
0.64 (-0.99) 
0.64 (-0.96) 
0.64 (-0.94) 
0.63 (-0.94) 

0.63 (-0.93) 
0.64 (-0.90) 
0.64 (-0.87) 
0.64 (-0.86) 
0.64 (-0.85) 
0.64 (-0.83) 
0.65 (-0.80) 
0.67 (-0.75) 
0.67 (-0.73) 
0.68 (-0.71) 
0.69 (-0.68) 
0.70 (-0.64) 

0.71 (-0.61) 
0.72 (-0.58) 
0.73 (-0.56) 
0.74 (-0.53) 
0.76 (-0.49) 
0.77 (-0.45) 
0.79 (-0.42) 
0.80 (-0.39) 
0.81 (-0.36) 
0.83 (-0.33) 
0.85 (-0.29) 
0.87 (-0.24) 

0.64 (-0.93) 
0.66 (-0.83) 
0.70 (-0.72) 
0.63 (-1.07) 
0.63 (-1.07) 
0.63 (-1.07) 

v.r. t 
1.05 (0.70) 
1.05 (0.50) 
0.99 (-0.05) 
0.98 (-0.14) 
1.01 (0.08) 
1.01 (0.05) 
1.00 (-0.01) 
1.00 (-0.01) 
1.02 (0.10) 
1.04 (0.18) 
1.04 (0.19) 

1.01 (0.04) 
0.98 (-0.09) 
0.94 (-0.23) 
0.87 (-0.45) 
0.83 (-0.56) 
0.81 (-0.62) 
0.79 (-0.65) 
0.79 (-0.64) 
0.80 (-0.60) 
0.80 (-0.56) 
0.81 (-0.53) 
0.81 (-0.53) 

0.81 (-0.50) 
0.83 (-0.45) 
0.85 (-0.39) 
0.86 (-0.35) 
0.88 (-0.30) 
0.89 (-0.27) 
0.91 (-0.21) 
0.94 (-0.15) 
0.95 (-0.12) 
0.96 (-0.09) 
0.97 (-0.06) 
0.99 (-0.01) 

1.01 (0.02) 
1.03 (0.06) 
1.05 (0.10) 
1.07 (0.14) 
1.09 (0.20) 
1.12 (0.24) 
1.14 (0.29) 
1.16 (0.33) 
1.19 (0.39) 
1.22 (0.43) 
1.25 (0.48) 
1.28 (0.55) 

0.84 (-0.46) 
0.89 (-0.31) 
0.96 (-0.15) 
0.79 (-0.65) 
0.79 (-0.65) 
0.79 (-0.65) 

v.r. t 
1.09 (1.14) 
1.11 (0.95) 
1.04 (0.31) 
1.02 (0.10) 
1.03 (0.21) 
1.02 (0.12) 
1.00 (0.03) 
1.00 (-0.01) 
1.02 (0.09) 
1.04 (0.18) 
1.04 (0.17) 

0.98 (-0.09) 
0.92 (-0.28) 
0.87 (-0.43) 
0.80 (-0.64) 
0.75 (-0.75) 
0.73 (-0.80) 
0.71 (-0.83) 
0.71 (-0.80) 
0.72 (-0.76) 
0.72 (-0.73) 
0.72 (-0.72) 
0.71 (-0.73) 

0.71 (-0.72) 
0.72 (-0.69) 
0.72 (-0.67) 
0.72 (-0.66) 
0.73 (-0.64) 
0.73 (-0.62) 
0.74 (-0.58) 
0.76 (-0.54) 
0.76 (-0.52) 
0.77 (-0.50) 
0.78 (-0.48) 
0.79 (-0.44) 

0.80 (-0.42) 
0.81 (-0.39) 
0.82 (-0.36) 
0.83 (-0.33) 
0.85 (-0.29) 
0.87 (-0.26) 
0.88 (-0.23) 
0.90 (-0.20) 
0.92 (-0.16) 
0.93 (-0.12) 
0.95 (-0.09) 
0.98 (-0.03) 

0.73 (-0.71) 
0.75 (-0.62) 
0.79 (-0.51) 
0.71 (-0.83) 
0.71 (-0.83) 
0.71 (-0.83) 

MNM. and MNL are respectively the minima of the relevant measures (either variance ratios or t values) for the honzons between 25 
months and 72 months, between 25 months and 96 months, and between 25 months and 120 months. The variance of monthly 
observations is the base variance for calculating variance ratios (see equation 4.2 of this dissertation). Variance ratio / values are based 
on equation (B.19) of this dissertation, which is developed by Lo and MacKinlay (1988) under the assumption that random vanables of 
interest are serially uncorrelated and heteroscedasticaUy distributed. 

204 



Table 4.17 
Variance Ratios and Their t Values for Value-weighted Excess Returns 

of AnnuaUy Adjusted Size Portfolios of Only the AMEX 
Stocks from July 1963 to December 1996 

AXl AX2 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

AX3 AX4 AX5 AX6 AX7 AX8 AX9 

v.r. t 
1.19 (2.19) 
1.24 (1.59) 
1.23 (0.94) 
1.25 (0.69) 
1.29 (0.69) 
1.32 (0.70) 
1.34 (0.69) 
1.34 (0.60) 
1.33 (0.48) 
1.33 (0.36) 
1.33 (0.28) 

1.40 (0.42) 
1.40 (0.25) 
1.41 (0.17) 
1.39 (0.06) 
1.40 (0.09) 
1.40 (0.06) 
1.41 (0.08) 
1.40 (0.07) 
1.44 (0.19) 
1.48 (0.28) 
1.51 (0.32) 
1.51 (0.26) 

1.53 (0.28) 
1.52 (0.26) 
1.52 (0.27) 
1.51 (0.28) 
1.48 (0.21) 
1.42 (0.05) 
1.34 (-0.13) 
1.25 (-0.28) 
1.19 (-0.39) 
1.14 (-0.47) 
1.11 (-0.51) 
1.07 (-0.56) 

1.05 (-0.58) 
1.02 (-0.62) 
0.99 (-0.65) 
0.95 (-0.69) 
0.93 (-0.73) 
0.90 (-0.80) 
0.86 (-0.87) 
0.82 (-0.92) 
0.81 (-0.92) 
0.80 (-0.89) 
0.78 (-0.90) 
0.76 (-0.92) 

1.45 (0.15) 
1.32 (-0.08) 
1.20 (-0.28) 
1.25 (-0.28) 
0.95 (-0.69) 
0.76 (-0.92) 

v.r. t 
1.22 (3.18) 
1.29 (2.92) 
1.33 (2.47) 
1.37 (2.26) 
1.38 (1.99) 
1.40 (1.81) 
1.40 (1.63) 
1.41 (1.49) 
1.40 (1.30) 
1.39 (1.12) 
1.40 (1.03) 

1.51 (1.18) 
1.54 (0.95) 
1.52 (0.72) 
1.46 (0.42) 
1.44 (0.37) 
1.42 (0.30) 
1.38 (0.25) 
1.33 (0.15) 
1.33 (0.18) 
1.32 (0.19) 
1.32 (0.16) 
1.28 (0.02) 

1.29 (-0.01) 
1.28 (-0.06) 
1.25 (-0.11) 
1.21 (-0.20) 
1.19 (-0.24) 
1.16 (-0.31) 
1.10 (-0.40) 
1.01 (-0.52) 
0.95 (-0.62) 
0.89 (-0.69) 
0.84 (-0.75) 
0.79 (-0.81) 

0.76 (-0.84) 
0.73 (-0.86) 
0.69 (-0.89) 
0.65 (-0.92) 
0.65 (-0.90) 
0.64 (-0.89) 
0.62 (-0.89) 
0.59 (-0.90) 
0.57 (-0.88) 
0.56 (-0.86) 
0.53 (-0.88) 
0.50 (-0.92) 

1.28 (0.01) 
1.12 (-0.26) 
0.99 (-0.42) 
1.01 (-0.52) 
0.65 (-0.92) 
0.50 (-0.92) 

v.r. t 
1.21 (2.67) 
1.27 (2.23) 
1.28 (1.58) 
1.28 (1.12) 
1.28 (0.76) 
1.28 (0.53) 
1.26 (0.26) 
1.24 (0.03) 
1.21 (-0.19) 
1.20 (-0.36) 
1.22 (-0.39) 
1.37 (0.02) 
1.46 (0.11) 
1.50 (0.08) 
1.52 (0.06) 
1.57 (0.24) 
1.60 (0.26) 
1.61 (0.29) 
1.60 (0.28) 
1.64 (0.40) 
1.66 (0.45) 
1.67 (0.44) 
1.66 (0.34) 

1.66 (0.31) 
1.65 (0.27) 
1.62 (0.24) 
1.58 (0.18) 
1.56 (0.12) 
1.52 (0.04) 
1.46 (-0.07) 
1.38 (-0.17) 
1.32 (-0.24) 
1.28 (-0.29) 
1.24 (-0.33) 
1.19 (-0.37) 

1.16 (-0.38) 
1.13 (-0.39) 
1.09 (-0.40) 
1.05 (-0.41) 
1.02 (-0.40) 
1.00 (-0.40) 
0.97 (-0.41) 
0.93 (-0.42) 
0.91 (-0.40) 
0.89 (-0.38) 
0.85 (-0.39) 
0.82 (-0.41) 

1.59 (0.23) 
1.46 (0.04) 
1.33 (-0.07) 
1.38 (-0.17) 
1.05 (-0.41) 
0.82 (-0.42) 

v.r. t 
1.16 (2.10) 
1.19 (1.56) 
1.18 (1.02) 
1.19 (0.77) 
1.20 (0.60) 
1.21 (0.43) 
1.20 (0.25) 
1.18 (0.02) 
1.14 (-0.22) 
1.12 (-0.39) 
1.13 (-0.46) 
1.23 (-0.17) 
1.27 (-0.16) 
1.28 (-0.19) 
1.24 (-0.29) 
1.24 (-0.23) 
1.24 (-0.19) 
1.24 (-0.14) 
1.21 (-0.16) 
1.24 (-0.07) 
1.27 (0.00) 
1.29 (0.04) 
1.29 (-0.01) 

1.32 (0.02) 
1.33 (0.06) 
1.33 (0.09) 
1.32 (0.09) 
1.32 (0.10) 
1.30 (0.07) 
1.27 (0.03) 
1.23 (0.01) 
1.21 (0.01) 
1.18 (0.00) 
1.16 (0.00) 
1.13 (0.01) 

1.12 (0.03) 
1.10 (0.04) 
1.07 (0.06) 
1.04 (0.08) 
1.03 (0.12) 
1.02 (0.13) 
0.99 (0.14) 
0.95 (0.15) 
0.92 (0.17) 
0.88 (0.18) 
0.83 (0.15) 
0.78 (0.12) 

1.28 (-0.02) 
1.23 (-0.01) 
1.16 (0.03) 
1.21 (-0.27) 
1.04 (-0.27) 
0.78 (-0.27) 

v.r. t 
1.17 (2.05) 
1.22 (1.76) 
1.24 (1.39) 
1.24 (1.06) 
1.24 (0.85) 
1.24 (0.65) 
1.23 (0.43) 
1.19 (0.15) 
1.15 (-0.12) 
1.13 (-0.31) 
1.14 (-0.37) 

1.24 (-0.16) 
1.28 (-0.18) 
1.27 (-0.27) 
1.23 (-0.41) 
1.23 (-0.33) 
1.24 (-0.26) 
1.23 (-0.19) 
1.22 (-0.18) 
1.25 (-0.05) 
1.27 (0.05) 
1.29 (0.09) 
1.30 (0.07) 

1.34 (0.14) 
1.37 (0.22) 
1.39 (0.29) 
1.38 (0.31) 
1.39 (0.34) 
1.38 (0.31) 
1.34 (0.28) 
1.29 (0.25) 
1.27 (0.26) 
1.25 (0.28) 
1.22 (0.30) 
1.20 (0.32) 

1.18 (0.36) 
1.16 (0.39) 
1.12 (0.40) 
1.08 (0.40) 
1.06 (0.43) 
1.04 (0.44) 
1.00 (0.44) 
0.96 (0.44) 
0.94 (0.46) 
0.91 (0.47) 
0.86 (0.44) 
0.82 (0.42) 

1.30 (0.07) 
1.27 (0.16) 
1.19 (0.23) 
1.22 (-0.40) 
1.08 (-0.40) 
0.82 (-0.40) 

v.r. t 
1.19 (2.65) 
1.24 (2.29) 
1.26 (1.82) 
1.27 (1.48) 
1.27 (1.18) 
1.28 (0.99) 
1.28 (0.81) 
1.26 (0.58) 
1.23 (0.34) 
1.21 (0.14) 
1.20 (0.01) 

1.28 (0.11) 
1.29 (-0.02) 
1.25 (-0.17) 
1.18 (-0.36) 
1.13 (-0.40) 
1.08 (-0.47) 
1.05 (-0.48) 
1.02 (-0.53) 
1.04 (-0.45) 
1.05 (-0.42) 
1.05 (-0.41) 
1.04 (-0.49) 

1.07 (-0.45) 
1.08 (-0.43) 
1.06 (-0.42) 
1.03 (-0.45) 
1.01 (-0.45) 
0.99 (-0.48) 
0.96 (-0.50) 
0.92 (-0.51) 
0.89 (-0.51) 
0.87 (-0.51) 
0.85 (-0.50) 
0.83 (-0.49) 

0.82 (-0.47) 
0.80 (-0.45) 
0.78 (-0.44) 
0.75 (-0.43) 
0.73 (-0.41) 
0.71 (-0.40) 
0.68 (-0.41) 
0.63 (-0.42) 
0.61 (-0.41) 
0.59 (-0.40) 
0.56 (-0.42) 
0.53 (-0.42) 

1.04 (-0.46) 
0.97 (-0.46) 
0.89 (-0.45) 
0.92 (-0.53) 
0.75 (-0.53) 
0.53 (-0.53) 

v.r. t 
1.18 (2.36) 
1.22 (1.95) 
1.23 (1.52) 
1.24 (1.28) 
1.24 (1.04) 
1.23 (0.80) 
1.22 (0.58) 
1.20 (0.40) 
1.17 (0.23) 
1.17 (0.12) 
1.18 (0.06) 

1.27 (0.23) 
1.30 (0.17) 
1.29 (0.08) 
1.24 (-0.07) 
1.23 (-0.06) 
1.23 (-0.06) 
1.21 (-0.05) 
1.18 (-0.09) 
1.18 (-0.05) 
1.17 (-0.03) 
1.17 (-0.05) 
1.15 (-0.15) 

1.16 (-0.16) 
1.17 (-0.16) 
1.17 (-0.18) 
1.15 (-0.23) 
1.14 (-0.29) 
1.12 (-0.40) 
1.08 (-0.50) 
1.03 (-0.58) 
0.98 (-0.63) 
0.95 (-0.67) 
0.90 (-0.69) 
0.86 (-0.70) 

0.83 (-0.70) 
0.79 (-0.70) 
0.75 (-0.70) 
0.72 (-0.70) 
0.70 (-0.68) 
0.69 (-0.66) 
0.67 (-0.63) 
0.64 (-0.62) 
0.64 (-0.58) 
0.63 (-0.53) 
0.60 (-0.52) 
0.58 (-0.51) 

1.16 (-0.18) 
1.06 (-0.35) 
0.96 (-0.41) 
1.03 (-0.58) 
0.72 (-0.71) 
0.58 (-0.71) 

v.r. t 
1.18 (131 
1.24 (2.25; 
1.29 (2.02; 
1.32 (1.83 
1.35 (1.72 
1.36 (1.56; 
1.37 (1.44 
1.36 (1.29 
1.34 (1.09; 
1.34 (0.95 
1.35 (0.90 

1.46 (1.05 
1.52 (0.99; 
1.55 (0.96 
1.54 (0.86 
1.55 (0.90; 
1.57 (0.93 
1.57 (1.01 
1.57 (1.04 
1.63 (1.20; 
1.69 (1.33 
1.75 (1.43 
1.78 (1.43 

1.84 (1.48 
1.89 (1.52 
1.91 (1.53 
1.91 (1.50; 
1.92 (1.46 
1.91 (1.39 
1.89 (1.32 
1.84 (1.30 
1.81 (1.30; 
1.78 (1.29; 
1.74 (1.28; 
1.71 (1.29 

1.69 (1.31 
1.67 (1.32 
1.63 (1.33 
1.59 (1.34 
1.58 (1.36; 
1.55 (1.37 
1.52 (1.38; 
1.47 (1.39; 
1.44 (1.40; 
1.40 (1.40; 
1.34 (1.37 
1.28 (1.34 

1.76 (1.29; 
1.74 (1.29; 
1.67 (1.32 
1.54 (0.87 
1.54 (0.87 
1.28 (0.87 

v.r. t 
1.21 (2.83) 
1.29 (2.63) 
1.34 (2.35) 
1.38 (119) 
1.40 (1.94) 
1.41 (1.70) 
1.41 (1.47) 
1.38 (1.20) 
1.36 (0.98) 
1.36 (0.83) 
1.37 (0.77) 
1.50 (0.98) 
1.57 (0.99) 
1.57 (0.88) 
1.51 (0.70) 
1.45 (0.61) 
1.40 (0.54) 
1.36 (0.49) 
1.32 (0.41) 
1.32 (0.46) 
1.34 (0.53) 
1.35 (0.56) 
1.35 (0.48) 

1.39 (0.46) 
1.41 (0.46) 
1.41 (0.43) 
1.39 (0.38) 
1.37 (0.31) 
1.35 (0.22) 
1.31 (0.13) 
1.25 (0.05) 
1.21 (-0.04) 
1.16 (-0.10) 
1.13 (-0.13) 
1.08 (-0.16) 

1.05 (-0.17) 
1.02 (-0.17) 
0.98 (-0.17) 
0.95 (-0.18) 
0.94 (-0.16) 
0.92 (-0.15) 
0.90 (-0.15) 
0.87 (-0.15) 
0.85 (-0.13) 
0.83 (-0.11) 
0.80 (-0.12) 
0.76 (-0.13) 

1.36 (0.42) 
1.27 (0.24) 
1.17 (0.14) 
1.25 (0.05) 
0.95 (-0.18) 
0.76 (-0.18) 

Monthly excess return is the difference between monthly nominal return and t-bill rate for the month. AXi is the ith annually adjusted 
size ranked portfolio. The annually adjusted size portfolios are formed by evenly dividing the AMEX stocks ... (continued on next page) 
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Table 4.17 (continued) 

Q 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

AX10 

v.r. t 
1.15 (1.71) 
1.21 (1.65) 
1.25 (1.37) 
1.27 (1.21) 
1.28 (0.96) 
1.28 (0.73) 
1.28 (0.52) 
1.27 (0.34) 
1.26 (0.20) 
1.26 (0.10) 
1.28 (0.02) 

1.38 (0.04) 
1.46 (0.08) 
1.47 (0.02) 
1.44 (-0.11) 
1.42 (-0.14) 
1.40 (-0.19) 
1.37 (-0.23) 
1.33 (-0.28) 
1.35 (-0.20) 
1.36 (-0.14) 
1.38 (-0.10) 
1.39 (-0.14) 

1.41 (-0.13) 
1.43 (-0.09) 
1.42 (-0.09) 
1.39 (-0.13) 
1.36 (-0.21) 
1.32 (-0.31) 
1.26 (-0.39) 
1.19 (-0.43) 
1.13 (-0.45) 
1.08 (-0.47) 
1.04 (-0.49) 
0.99 (-0.50) 

0.96 (-0.50) 
0.92 (-0.50) 
0.87 (-0.51) 
0.82 (-0.50) 
0.80 (-0.49) 
0.77 (-0.49) 
0.73 (-0.49) 
0.68 (-0.50) 
0.64 (-0.49) 
0.60 (-0.49) 
0.56 (-051) 
0.52 (-052) 

1.37 (-0.19) 
1.24 (-0.29) 
1.10 (-0.34) 
1.19 (-0.43) 
0.82 (-0 51) 
0.52 (-0.52) 

AX11 

v.r. t 
1.21 (164) 
1.28 (149) 
1.31 (111) 
1.33 (1.91) 
1.35 (1.64) 
1.35 (1.39) 
1.34 (1.13) 
1.30 (0.84) 
1.27 (0.61) 
1.25 (0.46) 
1.26 (0.38) 

1.34 (0.38) 
1.40 (0.36) 
1.41 (0.32) 
1.37 (0.19) 
1.34 (0.19) 
1.33 (0.20) 
1.33 (0.23) 
1.32 (0.23) 
1.36 (0.33) 
1.39 (0.43) 
1.42 (0.46) 
1.43 (0.40) 

1.47 (0.38) 
1.49 (0.38) 
1.50 (0.35) 
1.48 (0.28) 
1.46 (0.20) 
1.44 (0.12) 
1.40 (0.03) 
1.34 (-0.03) 
1.29 (-0.07) 
1.26 (-0.10) 
1.22 (-0.11) 
1.18 (-0.13) 

1.15 (-0.13) 
1.12 (-0.13) 
1.08 (-0.14) 
1.04 (-0.15) 
1.01 (-0.15) 
0.99 (-0.15) 
0.96 (-0.15) 
0.92 (-0.15) 
0.89 (-0.15) 
0.86 (-0.14) 
0.82 (-0.17) 
0.78 (-0.19) 

1.41 (0.27) 
1.33 (0.14) 
1.23 (0.07) 
1.32 (-0.03) 
1.04 (-0.15) 
0.78 (-0.19) 

AX12 

v.r. t 
1.22 (3.47) 
1.28 (3.00) 
1.32 (158) 
1.35 (127) 
1.39 (103) 
1.42 (1.85) 
1.45 (1.64) 
1.45 (1.37) 
1.44 (1.11) 
1.44 (0.89) 
1.46 (0.76) 

1.56 (0.66) 
1.60 (0.48) 
1.58 (0.30) 
1.54 (0.14) 
1.51 (0.12) 
1.49 (0.07) 
1.46 (0.07) 
1.42 (0.03) 
1.43 (0.11) 
1.44 (0.20) 
1.46 (0.29) 
1.48 (0.30) 

1.52 (0.34) 
1.54 (0.39) 
1.54 (0.42) 
1.52 (0.40) 
1.50 (0.36) 
1.46 (0.27) 
1.40 (0.20) 
1.34 (0.18) 
1.30 (0.17) 
1.25 (0.15) 
1.20 (0.15) 
1.17 (0.16) 

1.13 (0.19) 
1.09 (0.19) 
1.04 (0.19) 
1.00 (0.21) 
0.98 (0.24) 
0.95 (0.26) 
0.93 (0.30) 
0.91 (0.34) 
0.89 (0.39) 
0.87 (0.43) 
0.83 (0.42) 
0.79 (0.42) 

1.47 (0.23) 
1.37 (0.21) 
1.25 (0.25) 
1.34 (0.02) 
1.00 (0.02) 
0.79 (0.02) 

AX13 

v.r. t 
1.20 (3.14) 
1.24 (156) 
1.24 (1.86) 
1.25 (1.57) 
1.25 (1.33) 
1.26 (1.17) 
1.25 (1.01) 
1.23 (0.86) 
1.22 (0.73) 
1.22 (0.63) 
1.23 (0.60) 

1.30 (0.60) 
1.35 (0.58) 
1.39 (0.62) 
1.39 (0.54) 
1.40 (0.55) 
1.43 (0.62) 
1.45 (0.68) 
1.46 (0.74) 
1.52 (0.90) 
1.56 (1.03) 
1.59 (1.11) 
1.61 (1.08) 

1.65 (1.11) 
1.67 (1.15) 
1.69 (1.17) 
1.70 (1.17) 
1.71 (1.14) 
1.71 (1.06) 
1.69 (1.00) 
1.65 (0.97) 
1.62 (0.92) 
1.60 (0.87) 
1.57 (0.84) 
1.55 (0.82) 

1.52 (0.80) 
1.49 (0.78) 
1.43 (0.76) 
1.39 (0.74) 
1.36 (0.73) 
1.32 (0.71) 
1.27 (0.71) 
1.22 (0.69) 
1.17 (0.69) 
1.13 (0.68) 
1.08 (0.65) 
1.03 (0.62) 

1.59 (0.%) 
1.57 (0.91) 
1.48 (0.86) 
1.39 (0.53) 
1.39 (0.53) 
1.03 (0.53) 

AX14 

v.r. t 
1.18 (168) 
1.22 (108) 
1.23 (1.64) 
1.25 (1.43) 
1.27 (1.27) 
1.29 (1.16) 
1.31 (1.08) 
1.30 (0.95) 
1.29 (0.80) 
1.29 (0.64) 
1.30 (0.50) 

1.33 (0.27) 
1.35 (0.06) 
1.35 (-0.01) 
1.32 (-0.11) 
1.30 (-0.13) 
1.30 (-0.08) 
1.29 (0.01) 
1.28 (0.07) 
1.30 (0.19) 
1.32 (0.27) 
1.32 (0.30) 
1.33 (0.25) 

1.35 (0.23) 
1.35 (0.24) 
1.35 (0.25) 
1.34 (0.24) 
1.33 (0.19) 
1.32 (0.12) 
1.29 (0.06) 
1.24 (0.03) 
1.21 (0.01) 
1.18 (0.00) 
1.15 (0.01) 
1.13 (0.02) 

1.10 (0.02) 
1.07 (0.02) 
1.03 (0.03) 
0.99 (0.03) 
0.97 (0.04) 
0.93 (0.03) 
0.90 (0.04) 
0.85 (0.04) 
0.82 (0.05) 
0.79 (0.05) 
0.75 (0.04) 
0.72 (0.03) 

1.32 (0.14) 
1.25 (0.10) 
1.15 (0.08) 
1.24 (-0.14) 
0.99 (-0.14) 
0.72 (-0.14) 

AX15 

v.r. t 
1.19 (195; 
1.26 (176] 
1.29 (125; 
1.31 (1.85] 
1.33 (1.60] 
1.36 (1.49] 
1.37 (1.34] 
1.37 (1.14] 
1.36 (0.94] 
1.35 (0.75) 
1.36 (0.61) 

1.43 (0.55) 
1.48 (0.51) 
1.49 (0.51) 
1.43 (0.32) 
1.40 (0.28) 
1.38 (0.28) 
1.37 (0.32) 
1.34 (0.33) 
1.35 (0.44) 
1.37 (0.54) 
1.38 (0.59) 
1.39 (0.54) 

1.42 (0.55) 
1.44 (0.59) 
1.45 (0.61) 
1.45 (0.61) 
1.45 (0.56) 
1.46 (0.49) 
1.44 (0.45) 
1.42 (0.44) 
1.39 (0.43) 
1.37 (0.42) 
1.35 (0.42) 
1.32 (0.44) 

1.29 (0.46) 
1.26 (0.47) 
1.23 (0.49) 
1.20 (0.52) 
1.19 (0.54) 
1.17 (0.55) 
1.15 (0.57) 
1.11 (0.59) 
1.10 (0.63) 
1.07 (0.64) 
1.03 (0.63) 
1.00 (0.63) 

1.41 (0.47) 
1.38 (0.47) 
1.31 (0.50) 
1.34 (0.28) 
1.20 (0.28) 
1.00 (0.28) 

AX16 

v.r. t 
1.18 (159) 
1.28 (178) 
1.34 (152) 
1.39 (147) 
1.43 (2.29) 
1.46 (2.13) 
1.47 (1.97) 
1.46 (1.75) 
1.44 (1.50) 
1.43 (1.27) 
1.43 (1.10) 

1.45 (0.78) 
1.46 (0.46) 
1.44 (0.28) 
1.40 (0.09) 
1.37 (0.03) 
1.35 (0.01) 
1.33 (0.06) 
1.32 (0.09) 
1.34 (0.20) 
1.35 (0.26) 
1.35 (0.28) 
1.35 (0.19) 

1.35 (0.15) 
1.35 (0.15) 
1.33 (0.16) 
1.31 (0.13) 
1.29 (0.07) 
1.26 (-0.04) 
1.22 (-0.12) 
1.17 (-0.15) 
1.14 (-0.17) 
1.10 (-0.20) 
1.07 (-0.20) 
1.05 (-0.20) 

1.02 (-0.19) 
0.98 (-0.18) 
0.93 (-0.17) 
0.89 (-0.15) 
0.86 (-0.12) 
0.83 (-0.11) 
0.80 (-0.07) 
0.76 (-0.03) 
0.74 (0.03) 
0.72 (0.08) 
0.68 (0.09) 
0.64 (0.10) 

1.32 (0.10) 
1.22 (0.00) 
1.11 (0.00) 
1.17 (-0.15) 
0.89 (-0.20) 
0.64 (-0.20) 

AX17 

v.r. t 
1.17 (158) 
1.21 (101) 
1.24 (1.62) 
1.26 (1.38) 
1.29 (1.34) 
1.32 (1.34) 
1.34 (1.29) 
1.34 (1.14) 
1.33 (1.00) 
1.33 (0.86) 
1.35 (0.78) 

1.43 (0.72) 
1.49 (0.73) 
1.52 (0.70) 
1.50 (0.59) 
1.47 (0.56) 
1.47 (0.57) 
1.46 (0.62) 
1.46 (0.63) 
1.49 (0.73) 
1.51 (0.79) 
1.53 (0.80) 
1.55 (0.73) 

1.57 (0.68) 
1.58 (0.67) 
1.57 (0.62) 
1.55 (0.55) 
1.52 (0.46) 
1.48 (0.33) 
1.43 (0.21) 
1.36 (0.13) 
1.31 (0.06) 
1.27 (0.01) 
1.22 (-0.01) 
1.18 (-0.03) 

1.15 (-0.05) 
1.10 (-0.07) 
1.04 (-0.08) 
0.99 (-0.08) 
0.95 (-0.07) 
0.92 (-0.05) 
0.88 (-0.02) 
0.84 (0.01) 
0.81 (0.07) 
0.78 (0.12) 
0.75 (0.15) 
0.72 (0.18) 

1.50 (0.58) 
1.39 (0.38) 
1.26 (0.29) 
1.36 (0.13) 
0.99 (-0.08) 
0.72 (-0.08) 

AX18 

v.r. t 
1.14 (129) 
1.19 (1.93) 
1.21 (1.63) 
1.24 (1.56) 
1.28 (1.51) 
1.30 (1.49) 
1.32 (1.45) 
1.32 (1.34) 
1.31 (1.21) 
1.31 (1.09) 
1.32 (0.97) 

1.34 (0.76) 
1.38 (0.72) 
1.41 (0.75) 
1.41 (0.74) 
1.43 (0.81) 
1.47 (0.93) 
1.49 (1.06) 
1.53 (1.18) 
1.60 (1.33) 
1.66 (1.43) 
1.73 (1.49) 
1.79 (1.46) 

1.85 (1.42) 
1.90 (1.42) 
1.95 (1.44) 
1.98 (1.41) 
2.00 (1.32) 
2.01 (1.20) 
2.01 (1.09) 
2.00 (1.04) 
1.98 (0.99) 
1.96 (0.93) 
1.95 (0.91) 
1.94 (0.91) 

1.92 (0.91) 
1.90 (0.88) 
1.87 (0.88) 
1.84 (0.86) 
1.82 (0.84) 
1.79 (0.81) 
1.76 (0.79) 
1.73 (0.78) 
1.70 (0.80) 
1.67 (0.82) 
1.63 (0.80) 
1.57 (0.80) 

1.76 (1.25) 
1.82 (1.14) 
1.79 (1.05) 
1.42 (0.77) 
1.42 (0.77) 
1.42 (0.77) 

into 25 groups according to the size (market equity) ranks of these individual stocks at the end of June of each year. MAX is the market 
portfolio consisting of the stocks in the 25 portfolios. Q is the return horizon ranging from 2 months to 120 months. Variance ratios are 
those in the column denoted by "v.r." Numbers inside parentheses in the column denoted by "t" are variance ratio t values. If the 
absolute value of a t value is greater than 1.96, the variance ratio is significantly different from one at the 5 percent level. AVS, AVM, 
and AVL are respectively the arithmetic means of the relevant measures (either variance ratios or t values) for the horizons between 25 
months and 72 months, between 25 months and 96 months, and between 25 months and 120 months. MNS.... (continued on next page) 
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Table 4.17 (continued) 

AX19 AX20 AX21 AX22 AX23 AX24 AX25 MAX 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

v.r. i 
1.18 (3.30) 
1.26 (3.10) 
1.32 (189) 
1.35 (2.57) 
1.37 (2.34) 
1.39 (2.16) 
1.40 (1.96) 
1.39 (1.68) 
1.37 (1.42) 
1.35 (1.19) 
1.35 (1.00) 
1.36 (0.61) 
1.35 (0.34) 
1.34 (0.21) 
1.31 (0.09) 
1.28 (0.02) 
1.28 (0.05) 
1.27 (0.13) 
1.27 (0.19) 
1.30 (0.32) 
1.32 (0.39) 
1.32 (0.42) 
1.33 (0.37) 

1.36 (0.36) 
1.38 (0.40) 
1.39 (0.43) 
1.38 (0.41) 
1.36 (0.32) 
1.34 (0.21) 
1.32 (0.15) 
1.28 (0.12) 
1.24 (0.08) 
1.20 (0.03) 
1.16 (0.01) 
1.13 (-0.01) 

1.10 (-0.02) 
1.06 (-0.06) 
1.01 (-0.08) 
0.98 (-0.10) 
0.95 (-0.12) 
0.92 (-0.14) 
0.89 (-0.14) 
0.85 (-0.15) 
0.81 (-0.16) 
0.78 (-0.16) 
0.74 (-0.18) 
0.70 (-0.20) 

v.r. t 
1.15 (136) 
1.18 (1.93) 
1.17 (1.45) 
1.16 (1.10) 
1.16 (0.88) 
1.17 (0.74) 
1.17 (0.60) 
1.14 (0.42) 
1.12 (0.28) 
1.11 (0.15) 
1.12 (0.05) 
1.13 (-0.18) 
1.16 (-0.21) 
1.17 (-0.17) 
1.14 (-0.23) 
1.11 (-0.28) 
1.11 (-0.26) 
1.10 (-0.20) 
1.10 (-0.15) 
1.13 (-0.04) 
1.16 (0.05) 
1.18 (0.09) 
1.20 (0.07) 

1.23 (0.09) 
1.27 (0.18) 
1.29 (0.25) 
1.31 (0.28) 
1.30 (0.24) 
1.29 (0.18) 
1.26 (0.14) 
1.22 (0.15) 
1.18 (0.14) 
1.15 (0:12) 
1.12 (0.12) 
1.10 (0.12) 

1.08 (0.11) 
1.05 (0.11) 
1.01 (0.09) 
0.99 (0.08) 
0.97 (0.08) 
0.95 (0.07) 
0.93 (0.07) 
0.89 (0.07) 
0.87 (0.08) 
0.86 (0.09) 
0.83 (0.07) 
0.80 (0.06) 

v.r. t 
1.16 (2.66) 
1.23 (2.73) 
1.27 (2.61) 
1.30 (2.50) 
1.33 (2.37) 
1.35 (2.25) 
1.36 (2.04) 
1.34 (1.79) 
1.34 (1.61) 
1.33 (1.44) 
1.35 (1.30) 
1.40 (1.09) 
1.43 (0.99) 
1.45 (0.92) 
1.42 (0.75) 
1.39 (0.63) 
1.39 (0.63) 
1.38 (0.64) 
1.37 (0.66) 
1.38 (0.74) 
1.39 (0.79) 
1.39 (0.79) 
1.39 (0.73) 

1.42 (0.72) 
1.44 (0.76) 
1.47 (0.79) 
1.48 (0.76) 
1.49 (0.66) 
1.48 (0.52) 
1.46 (0.43) 
1.44 (0.38) 
1.41 (0.30) 
1.39 (0.23) 
1.37 (0.20) 
1.35 (0.18) 

1.33 (0.16) 
1.29 (0.12) 
1.24 (0.09) 
1.20 (0.06) 
1.17 (0.05) 
1.14 (0.04) 
1.12 (0.06) 
1.09 (0.10) 
1.07 (0.15) 
1.06 (0.19) 
1.03 (0.20) 
1.01 (0.23) 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

1.32 (0.27) 
1.26 (0.18) 
1.15 (0.09) 
1.27 (0.02) 
0.98 (-0.10) 
0.70 (-0.20) 

1.20 (0.04) 
1.17 (0.06) 
1.10 (0.07) 
1.10 (-0.28) 
0.99 (-0.28) 
0.80 (-0.28) 

1.42 (0.67) 
1.39 (0.51) 
1.32 (0.41) 
1.37 (0.38) 
1.20 (0.06) 
1.01 (0.04) 

v.r. t 
1.14 (2.05) 
1.17 (1.65) 
1.18 (1.40) 
1.17 (1.11) 
1.17 (0.93) 
1.17 (0.82) 
1.16 (0.67) 
1.13 (0.45) 
1.10 (0.28) 
1.09 (0.15) 
1.09 (0.05) 
1.09 (-0.18) 
1.10 (-0.23) 
1.09 (-0.23) 
1.06 (-0.33) 
1.02 (-0.39) 
1.02 (-0.36) 
1.02 (-0.31) 
1.01 (-0.28) 
1.02 (-0.19) 
1.02 (-0.11) 
1.02 (-0.06) 
1.03 (-0.09) 

1.04 (-0.08) 
1.06 (-0.03) 
1.07 (0.01) 
1.07 (-0.01) 
1.07 (-0.07) 
1.07 (-0.17) 
1.06 (-0.23) 
1.04 (-0.26) 
1.02 (-0.31) 
0.99 (-0.36) 
0.97 (-0.39) 
0.94 (-0.42) 

0.92 (-0.46) 
0.88 (-0.50) 
0.84 (-0.53) 
0.81 (-0.55) 
0.79 (-0.56) 
0.78 (-0.57) 
0.76 (-0.57) 
0.74 (-0.56) 
0.72 (-0.55) 
0.71 (-0.53) 
0.68 (-0.54) 
0.65 (-0.53) 

1.04 (-0.17) 
1.00 (-0.25) 
0.94 (-0.33) 
1.01 (-0.39) 
0.81 (-0.55) 
0.65 (-0.57) 

v.r. t 
1.16 (182) 
1.21 (154) 
1.22 (2.32) 
1.22 (103) 
1.23 (1.84) 
1.24 (1.70) 
1.24 (1.55) 
1.20 (1.31) 
1.18 (1.13) 
1.16 (0.97) 
1.16 (0.78) 
1.13 (0.34) 
1.11 (0.10) 
1.09 (0.00) 
1.04 (-0.17) 
1.00 (-0.26) 
1.00 (-0.22) 
1.00 (-0.14) 
1.01 (-0.08) 
1.02 (0.03) 
1.03 (0.10) 
1.03 (0.15) 
1.03 (0.11) 

1.04 (0.09) 
1.07 (0.15) 
1.08 (0.19) 
1.09 (0.20) 
1.09 (0.13) 
1.08 (0.02) 
1.07 (-0.06) 
1.05 (-0.10) 
1.02 (-0.17) 
1.00 (-0.22) 
0.99 (-0.25) 
0.98 (-0.29) 

0.95 (-0.33) 
0.91 (-0.39) 
0.88 (-0.43) 
0.86 (-0.44) 
0.84 (-0.45) 
0.82 (-0.47) 
0.81 (-0.47) 
0.80 (-0.45) 
0.78 (-0.43) 
0.77 (-0.41) 
0.75 (-0.42) 
0.72 (-0.41) 

1.04 (0.02) 
1.01 (-0.09) 
0.96 (-0.18) 
0.99 (-0.26) 
0.86 (-0.44) 
0.72 (-0.47) 

v.r. t 
1.13 (2.24) 
1.18 (103) 
1.21 (2.01) 
1.24 (1.95) 
1.27 (1.92) 
1.29 (1.84) 
1.28 (1.67) 
1.26 (1.44) 
1.24 (1.28) 
1.23 (1.12) 
1.23 (0.94) 

1.23 (0.52) 
1.22 (0.27) 
1.18 (0.11) 
1.11 (-0.13) 
1.05 (-0.26) 
1.03 (-0.28) 
0.99 (-0.30) 
0.96 (-0.32) 
0.95 (-0.30) 
0.94 (-0.29) 
0.92 (-0.29) 
0.90 (-0.34) 

0.91 (-0.33) 
0.93 (-0.25) 
0.94 (-0.19) 
0.95 (-0.17) 
0.94 (-0.24) 
0.93 (-0.35) 
0.91 (-0.43) 
0.89 (-0.47) 
0.87 (-0.53) 
0.86 (-0.57) 
0.85 (-0.59) 
0.84 (-0.62) 

0.82 (-0.66) 
0.79 (-0.71) 
0.77 (-0.73) 
0.75 (-0.73) 
0.75 (-0.71) 
0.76 (-0.69) 
0.76 (-0.65) 
0.76 (-0.60) 
0.76 (-0.54) 
0.76 (-0.49) 
0.75 (-0.47) 
0.74 (-0.43) 

0.95 (-0.30) 
0.91 (-0.41) 
0.87 (-0.45) 
0.89 (-0.47) 
0.75 (-0.73) 
0.74 (-0.73) 

v.r. 
1.00 (-0.16) 
0.96 (-0.46) 
0.96 (-0.37) 
0.94 (-0.52) 
0.96 (-0.33) 
1.00 (-0.14) 
1.01 (-0.03) 
1.00 (-0.07) 
1.01 (-0.02) 
1.01 (-0.04) 
1.01 (-0.06) 

1.00 (-0.10) 
0.99 (-0.16) 
0.96 (-0.20) 
0.91 (-0.32) 
0.85 (-0.41) 
0.81 (-0.46) 
0.76 (-0.53) 
0.72 (-0.59) 
0.68 (-0.63) 
0.64 (-0.67) 
0.63 (-0.68) 
0.61 (-0.69) 

0.62 (-0.66) 
0.65 (-0.60) 
0.67 (-0.54) 
0.68 (-0.51) 
0.68 (-0.52) 
0.67 (-0.58) 
0.64 (-0.65) 
0.61 (-0.71) 
0.57 (-0.78) 
0.53 (-0.83) 
0.51 (-0.86) 
0.48 (-0.90) 

0.45 (-0.93) 
0.42 (-0.97) 
0.40 (-0.98) 
0.40 (-0.98) 
0.40 (-0.96) 
0.41 (-0.94) 
0.42 (-0.92) 
0.43 (-0.89) 
0.44 (-0.87) 
0.45 (-0.84) 
0.45 (-0.83) 
0.44 (-0.81) 

0.69 (-0.58) 
0.62 (-0.69) 
0.57 (-0.74) 
0.61 (-0.71) 
0.40 (-0.98) 
0.40 (-0.98) 

v.r. t 
1.12 (1.56) 
1.13 (1.22) 
1.15 (1.10) 
1.14 (0.85) 
1.17 (0.88) 
1.19 (0.91) 
1.21 (0.88) 
1.19 (0.72) 
1.18 (0.63) 
1.17 (0.52) 
1.17 (0.41) 

1.17 (0.19) 
1.16 (0.03) 
1.14 (-0.05) 
1.07 (-0.22) 
1.01 (-0.31) 
0.98 (-0.32) 
0.95 (-0.34) 
0.91 (-0.36) 
0.90 (-0.31) 
0.89 (-0.28) 
0.89 (-0.26) 
0.88 (-0.29) 

0.90 (-0.27) 
0.94 (-0.19) 
0.96 (-0.12) 
0.98 (-0.10) 
0.98 (-0.13) 
0.98 (-0.22) 
0.96 (-0.31) 
0.93 (-0.36) 
0.89 (-0.43) 
0.86 (-0.48) 
0.84 (-0.51) 
0.82 (-0.54) 

0.79 (-0.57) 
0.75 (-0.61) 
0.72 (-0.63) 
0.71 (-0.64) 
0.70 (-0.63) 
0.69 (-0.63) 
0.69 (-0.61) 
0.68 (-0.58) 
0.67 (-0.55) 
0.67 (-0.52) 
0.65 (-0.52) 
0.63 (-0.50) 

0.94 (-0.26) 
0.90 (-0.35) 
0.84 (-0.41) 
0.88 (-0.36) 
0.71 (-0.64) 
0.63 (-0.64) 

observations is the base vanance for calaJaung variance,auos ( s e e » ¥ « « « rfto4« ^ ^ ^ Q{ 

on equation (B.19) of this dissertation, which is developed by Lo and MacKinlay vivso; unocr inc v 

interest are serially uncorrelated and heteroscedasticaUy distributed. 
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Table 4.18 
Variance Ratios and Their t Values for Value-weighted Excess Returns 

of the June-1965 Crawl Forward Size Portfolios of Only the NYSE 
Stocks from June 1971 to December 1996 

Q 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

CNl 

v.r. t 
1.17 (2.52) 
1.19 (1.92) 
1.21 (1.68) 
1.20 (1.42) 
1.16 (1.01) 
1.12 (0.70) 
1.09 (0.50) 
1.09 (0.45) 
1.10 (0.49) 
1.12 (0.54) 
1.14 (0.58) 

1.17 (0.64) 
1.15 (0.51) 
1.13 (0.42) 
1.12 (0.35) 
1.07 (0.21) 
1.08 (0.20) 
1.07 (0.17) 
1.05 (0.12) 
1.01 (0.03) 
0.97 (-0.06) 
0.92 (-0.17) 
0.89 (-0.23) 

0.86 (-0.28) 
0.86 (-0.28) 
0.88 (-0.23) 
0.90 (-0.19) 
0.92 (-0.16) 
0.95 (-0.09) 
1.00 (0.00) 
1.05 (0.10) 
1.10 (0.18) 
1.16 (0.28) 
1.21 (0.36) 
1.26 (0.44) 

1.32 (0.52) 
1.34 (0.56) 
1.38 (0.60) 
1.42 (0.66) 
1.46 (0.71) 
1.48 (0.73) 
1.49 (0.74) 
1.50 (0.74) 
1.50 (0.74) 
1.49 (0.71) 
1.45 (0.65) 
1.40 (0.57) 

0.97 (-0.05) 
1.07 (0.11) 
1.17 (0.26) 
0.86 (-0.29) 
0.86 (-0.29) 
0.86 (-0.29) 

CN2 

v.r. t 
1.15 (134) 
1.15 (1.56) 
1.16 (1.36) 
1.17 (1.21) 
1.15 (0.96) 
1.14 (0.84) 
1.13 (0.72) 
1.11 (0.58) 
1.10 (0.45) 
1.10 (0.44) 
1.11 (0.46) 

1.16 (0.62) 
1.19 (0.67) 
1.20 (0.64) 
1.17 (0.51) 
1.14 (0.39) 
1.13 (0.34) 
1.09 (0.23) 
1.05 (0.12) 
1.02 (0.05) 
0.98 (-0.04) 
0.94 (-0.13) 
0.92 (-0.17) 

0.92 (-0.17) 
0.90 (-0.21) 
0.86 (-0.28) 
0.83 (-0.34) 
0.80 (-0.39) 
0.76 (-0.45) 
0.73 (-0.50) 
0.71 (-0.53) 
0.68 (-0.56) 
0.66 (-0.59) 
0.63 (-0.64) 
0.60 (-0.67) 

0.59 (-0.68) 
0.56 (-0.72) 
0.53 (-0.75) 
0.51 (-0.77) 
0.50 (-0.79) 
0.49 (-0.79) 
0.49 (-0.78) 
0.49 (-0.77) 
0.50 (-0.74) 
0.51 (-0.72) 
0.51 (-0.71) 
0.53 (-0.68) 

0.93 (-0.11) 
0.82 (-0.29) 
0.74 (-0.41) 
0.71 (-0.53) 
0.51 (-0.77) 
0.49 (-0.79) 

CN3 

v.r. t 
1.05 (0.99) 
1.03 (0.31) 
0.99 (-0.08) 
0.96 (-0.34) 
0.94 (-0.39) 
0.93 (-0.42) 
0.92 (-0.46) 
0.90 (-0.54) 
0.87 (-0.64) 
0.88 (-0.58) 
0.90 (-0.47) 

0.98 (-0.08) 
1.01 (0.05) 
1.04 (0.14) 
1.01 (0.04) 
0.98 (-0.06) 
0.96 (-0.10) 
0.93 (-0.20) 
0.88 (-0.31) 
0.84 (-0.40) 
0.79 (-0.51) 
0.72 (-0.64) 
0.68 (-0.73) 

0.65 (-0.76) 
0.63 (-0.78) 
0.62 (-0.80) 
0.62 (-0.76) 
0.62 (-0.75) 
0.61 (-0.75) 
0.62 (-0.72) 
0.63 (-0.68) 
0.63 (-0.67) 
0.62 (-0.67) 
0.62 (-0.67) 
0.62 (-0.66) 

0.63 (-0.63) 
0.62 (-0.64) 
0.61 (-0.64) 
0.62 (-0.62) 
0.64 (-0.58) 
0.66 (-0.54) 
0.69 (-0.49) 
0.71 (-0.44) 
0.75 (-0.38) 
0.79 (-0.31) 
0.82 (-0.26) 
0.86 (-0.21) 

0.74 (-0.55) 
0.70 (-0.58) 
0.71 (-0.54) 
0.61 (-0.80) 
0.61 (-0.80) 
0.61 (-0.80) 

CN4 

v.r. t 
1.11 (1.92) 
1.15 (1.74) 
1.16 (1.45) 
1.15 (1.15) 
1.13 (0.91) 
1.09 (0.56) 
1.05 (0.30) 
1.01 (0.07) 
0.98 (-0.10) 
0.97 (-0.16) 
0.96 (-0.17) 

1.01 (0.06) 
1.01 (0.05) 
0.97 (-0.10) 
0.88 (-0.38) 
0.83 (-0.49) 
0.83 (-0.48) 
0.80 (-0.53) 
0.75 (-0.62) 
0.73 (-0.66) 
0.69 (-0.72) 
0.67 (-0.76) 
0.64 (-0.79) 

0.64 (-0.78) 
0.64 (-0.75) 
0.63 (-0.75) 
0.63 (-0.74) 
0.62 (-0.74) 
0.61 (-0.75) 
0.61 (-0.73) 
0.60 (-0.72) 
0.60 (-0.71) 
0.61 (-0.67) 
0.63 (-0.63) 
0.65 (-0.59) 

0.67 (-0.55) 
0.67 (-0.54) 
0.67 (-0.53) 
0.68 (-0.50) 
0.70 (-0.47) 
0.71 (-0.44) 
0.72 (-0.42) 
0.73 (-0.41) 
0.75 (-0.38) 
0.75 (-0.37) 
0.73 (-0.40) 
0.71 (-0.41) 

0.69 (-0.68) 
0.67 (-0.65) 
0.69 (-0.59) 
0.60 (-0.79) 
0.60 (-0.79) 
0.60 (-0.79) 

CN5 

v.r. 
1.04 
1.04 
1.05 
1.03 
1.01 
0.97 
0.94 
0.90 
0.86 
0.85 
0.83 

0.82 
0.84 
0.83 
0.77 
0.73 
0.72 
0.70 
0.66 
0.62 
0.56 
0.52 
0.47 

0.46 
0.46 
0.47 
0.48 
0.48 
0.47 
0.48i 
0.49 
0.47 
0.451 
0.43 
0.41 

0.39 
0.35 
0.32 
0.30 
0.28 
0.26 
0.25 
0.24 < 
0.23 
0.24 
0.221 
0.22 

0.55 
0.50 
0.441 
0.461 
0.30 { 
0.22 

t 
(0.65) 
(0.43) 
(0.46) 
(0.18) 
(0.06) 
[-0.16) 
[-0.32) 
[-0.49) 
[-0.63) 
[-0.65) 
[-0.68) 

[-0.65) 
[-0.54) 
[-0.52) 
[-0.67) 
[-0.75) 
[-0.73) 
1-0.76) 
[-0.81) 
[-0.88) 
[-0.98) 
[-1.05) 
[-1.1D 

[-1.12) 
[-1.08) 
[-1.03) 
[-0.99) 
[-0.98) 
[-0.97) 
1-0.94) 
[-0.90) 
[-0.92) 
[-0.94) 
[-0.96) 
[-0.97) 

[-0.99) 
1-104) 
[-1.08) 
[-1.10) 
[-1.11) 
[-1.12) 
[-1.12) 
[-1.12) 
[-112) 
[-1.1D 
[-1.1D 
1-111) 

[-0.94) 
[-0.96) 
[-1.00) 
1-1.12) 
[-1.12) 
[-1.13) 

CN6 

v.r. 
1.05 
1.05 
1.02 
1.01 
1.02 
1.01 
1.01 
1.00 
0.99 
1.01 
1.01 

1.02 
1.01 
0.99 
0.96 
0.93 
0.90 
0.87 
0.80 
0.72 
0.64 
0.57 
0.52 

0.49 
0.47 
0.46 
0.45 
0.44 
0.43 
0.44 
0.47 
0.48 
0.49 
0.50 
0.52 

0.54 
0.53 
0.53 
0.55 
0.57 
0.57 
0.58 
0.59 
0.60 
0.62 
0.62 
0.63 

0.61 
0.58 
0.58 
0.43 
0.43 
0.43 

t 
(0.80) 
(0.53) 
(0.20) 
(0.07) 
(0.11) 
(0.09) 
(0.07) 
(0.01) 
[-0.03) 
(0.02) 
(0.03) 

(0.07) 
(0.05) 
[-0.03) 
[-0.12) 
[-0.21) 
[-0.26) 
[-0.35) 
[-0.50) 
[-0.68) 
[-0.84) 
[-0.96) 
[-1.04) 

(-1.08) 
[-1.10) 
(-1.09) 
(-1.08) 
[-1.08) 
(-1.07) 
(-1.03) 
[-0.97) 
(-0.93) 
(-0.89) 
(-0.85) 
(-0.82) 

(-0.77) 
(-0.77) 
(-0.75) 
(-0.72) 
(-0.68) 
(-0.67) 
(-0.64) 
(-0.63) 
(-0.59) 
(-0.56) 
(-0.55) 
(-0.54) 

(-0.82) 
(-0.82) 
(-0.77) 
(-1.10) 
(-1.10) 
(-1.10) 

CN7 

v.r. 
1.01 
1.03 
1.02 
1.02 
1.02 
1.01 
1.00 
0.97 ( 
0.96 ( 
0.95 ( 
0.95 ( 

0.94 ( 
0.93 ( 
0.92 ( 
0.86 ( 
0.81 ( 
0.80 ( 
0.79 ( 
0.76 ( 
0.72 ( 
0.65 ( 
0.59 ( 
0.54 ( 

0.50 ( 
0.48 ( 
0.46 ( 
0.45 ( 
0.44 ( 
0.43 ( 
0.43 ( 
0.43 ( 
0.40 ( 
0.37 ( 
0.36 ( 
0.35 ( 

0.34 ( 
0.30 ( 
0.27 ( 
0.25 ( 
0.24 ( 
0.23 ( 
0.23 ( 
0.21 ( 
0.20 ( 
0.20 ( 
0.20 ( 
0.20 ( 

0.59 < 
0.50 ( 
0.43 ( 
0.43 ( 
0.25 ( 
0.20 ( 

t 
(0.18) 
(0.39) 
(0.21) 
(0.15) 
(0.15) 
(0.08) 
(0.01) 
-0.14) 
-0.23) 
-0.26) 
-0.23) 

-0.25) 
-0.27) 
-0.27) 
-0.44) 
-0.55) 
-0.56) 
-0.57) 
-0.62) 
-0.69) 
-0.82) 
-0.94) 
-1.03) 

-1.09) 
-1.10) 
-1.11) 
-1.11) 
-1.10) 
-1.10) 
-1.08) 
-1.06) 
-1.09) 
-1.12) 
-1.12) 
-1.12) 

-1.12) 
-1.16) 
-1.19) 
-1.21) 
-1.21) 
-1.21) 
-1.20) 
-1.21) 
-1.22) 
-1.19) 
-1.19) 
-1.17) 

[-0.90) 
.-0.98) 
[-1.03) 
[-1.11) 
:-i.2i) 
-1.22) 

CN8 

v.r. 
1.09 
1.07 
1.02 
0.96 ( 
0.92 ( 
0.88 ( 
0.85 ( 
0.81 ( 
0.77 ( 
0.75 ( 
0.74 ( 

0.75 ( 
0.75 ( 
0.74 ( 
0.68 ( 
0.63 ( 
0.60 ( 
0.56 ( 
0.51 ( 
0.46 ( 
0.41 ( 
0.36 ( 
0.33 ( 

0.31 ( 
0.31 ( 
0.31 ( 
0.31 ( 
0.30 ( 
0.30 ( 
0.31 ( 
0.32 ( 
0.31 ( 
0.29 ( 
0.29 ( 
0.28 ( 

0.28 ( 
0.26 ( 
0.25 ( 
0.25 ( 
0.25 ( 
0.25 ( 
0.26 ( 
0.26 ( 
0.27 ( 
0.26 ( 
0.25 ( 
0.25 ( 

0.40 ( 
0.36 < 
0.34 ( 
0.30 < 
0.25 ( 
0.25 ( 

t 
(1.61) 
(0.75) 
(0.21) 
-0.27) 
-0.50) 
-0.71) 
-0.84) 
-0.99) 
-1.13) 
-1.14) 
-1.11) 

-0.97) 
-0.86) 
-0.85) 
-0.97) 
-1.06) 
-1.07) 
-1.14) 
-1.20) 
-1.29) 
-1.36) 
-1.41) 
-1.44) 

-1.45) 
-1.41) 
-1.38) 
-1.34) 
-1.32) 
-1.31) 
-1.26) 
-1.21) 
-1.22) 
-1.23) 
-1.21) 
-1.19) 

-1.17) 
-1.20) 
-1.20) 
-1.18) 
-1.16) 
-1.14) 
-1.11) 
-1.10) 
-1.08) 
-1.07) 
-1.08) 
-1.07) 

-1.29) 
.-126) 
-1.22) 
[-1.45) 
-1.45) 
:-i.45) 

CN9 

v.r. 
1.04 
0.99 
0.97 
0.91 i 
0.89 < 
0.861 
0.851 
0.83 < 
0.81 < 
0.81 ( 
0.80 ( 

0.80 ( 
0.80 < 
0.81 ( 
0.78 ( 
0.74 ( 
0.75 ( 
0.74 < 
0.72 ( 
0.69 < 
0.64 ( 
0.59 ( 
0.55 ( 

0.52 ( 
0.51 ( 
0.50 ( 
0.50 ( 
0.47 ( 
0.45 ( 
0.42 ( 
0.41 ( 
0.39 ( 
0.37 ( 
0.36 ( 
0.361 

0.361 
0.33 
0.30 
0.28 
0.26 
0.24 
0.23 
0.22 
0.22 
0.25 
0.25 
0.26 

0.58 
0.51 
0.44 
0.41 
0.28 
0.22 

t 
(0.68) 
[-0.12) 
[-0.26) 
[-0.64) 
[-0.72) 
[-0.80) 
[-0.78) 
1-0.86) 
[-0.90) 
[-0.87) 
[-0.86) 

-0.74) 
-0.67) 
-0.62) 
-0.66) 
-0.72) 
-0.65) 
-0.67) 
-0.67) 
-0.73) 
-0.82) 
-0.89) 
-0.95) 

[-0.99) 
[-LOO) 
[-0.99) 
[-0.97) 
[-0.99) 
[-1.02) 
[-1.04) 
'-1.04) 
[-1.06) 
[-1.07) 
;-i.07) 
[-1.06) 

[-1.05) 
[-1.08) 
[-1.10) 
[-1.12) 
1-114) 
[-1.15) 
[-1.15) 
(-1.15) 
(-1.13) 
(-1.09) 
(-1.07) 
(-1.04) 

(-0.88) 
(-0.94) 
(-0.99) 
(-1.05) 
(-1.12) 
(-1.16) 

Monthly excess return is the difference between monthly nominal return and t-bill rate for the month. CNi is the ith crawl forward size 
ranked portfolio. The CN portfolios are formed by evenly dividing the NYSE stocks existing at the end of ... (continued on next page) 
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Table 4.18 (continued) 

CN10 CNll CN12 CN13 CN14 CN15 CN16 CN17 CN18 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

v.r. t 
1.12 (1.98) 
1.11 (1.20) 
1.13 (1.09) 
1.13 (0.92) 
1.13 (0.80) 
1.10 (0.60) 
1.09 (0.50) 
1.08 (0.38) 
1.06 (0.28) 
1.07 (0.31) 
1.07 (0.29) 

1.03 (0.10) 
0.95 (-0.19) 
0.83 (-0.53) 
0.71 (-0.86) 
0.63 (-1.03) 
0.61 (-1.04) 
0.58 (-1.06) 
0.56 (-1.06) 
0.54 (-1.06) 
0.52 (-1.08) 
0.48 (-1.13) 
0.45 (-1.16) 

0.44 (-1.16) 
0.44 (-1.12) 
0.46 (-1.06) 
0.48 (-0.99) 
0.48 (-0.97) 
0.47 (-0.97) 
0.45 (-0.98) 
0.43 (-1.00) 
0.41 (-1.03) 
0.40 (-1.02) 
0.41 (-0.99) 
0.43 (-0.94) 

0.46 (-0.87) 
0.48 (-0.84) 
0.49 (-0.81) 
0.49 (-0.79) 
0.49 (-0.79) 
0.47 (-0.81) 
0.48 (-0.79) 
0.48 (-0.77) 
0.49 (-0.75) 
0.53 (-0.69) 
0.54 (-0.65) 
0.56 (-0.62) 

0.51 (-1.05) 
0.49 (-1.01) 
0.49 (-0.94) 
0.43 (-1.17) 
0.40 (-1.17) 
0.40 (-1.17) 

v.r. t 
0.99 (-0.07) 
0.98 (-0.18) 
0.97 (-0.26) 
0.94 (-0.45) 
0.95 (-0.31) 
0.% (-0.26) 
0.95 (-0.28) 
0.95 (-0.27) 
0.94 (-0.26) 
0.95 (-0.23) 
0.95 (-0.22) 

0.93 (-0.26) 
0.93 (-0.24) 
0.91 (-0.29) 
0.86 (-0.43) 
0.80 (-0.56) 
0.78 (-0.61) 
0.76 (-0.63) 
0.74 (-0.66) 
0.73 (-0.65) 
0.73 (-0.62) 
0.73 (-0.60) 
0.73 (-0.59) 

0.73 (-0.56) 
0.75 (-0.52) 
0.76 (-0.48) 
0.76 (-0.46) 
0.74 (-0.49) 
0.72 (-0.52) 
0.70 (-0.55) 
0.68 (-0.57) 
0.65 (-0.62) 
0.62 (-0.66) 
0.60 (-0.68) 
0.58 (-0.70) 

0.56 (-0.72) 
0.54 (-0.74) 
0.52 (-0.75) 
0.51 (-0.76) 
0.50 (-0.77) 
0.49 (-0.77) 
0.49 (-0.77) 
0.48 (-0.77) 
0.46 (-0.78) 
0.44 (-0.80) 
0.40(0.85) 
0.39 (-0.86) 

0.74 (-0.56) 
0.69 (-0.61) 
0.63 (-0.65) 
0.68 (-0.66) 
0.51 (-0.76) 
0.39 (-0.86) 

v.r. t 
1.06 (1.13) 
1.08 (0.94) 
1.09 (0.81) 
1.10 (0.76) 
1.11 (0.71) 
1.11 (0.66) 
1.10 (0.58) 
1.09 (0.46) 
1.07 (0.35) 
1.07 (0.34) 
1.07 (0.29) 

1.05 (0.20) 
1.03 (0.11) 
0.99 (-0.04) 
0.91 (-0.26) 
0.83 (-0.48) 
0.79 (-0.56) 
0.73 (-0.68) 
0.67 (-0.80) 
0.59 (-0.94) 
0.51 (-1.09) 
0.46 (-1.17) 
0.44 (-1.19) 

0.43 (-1.17) 
0.43 (-1.14) 
0.44 (-1.10) 
0.45 (-1.04) 
0.46 (-1.02) 
0.45 (-1.00) 
0.46 (-0.97) 
0.48 (-0.92) 
0.47 (-0.92) 
0.45 (-0.93) 
0.43 (-0.95) 
0.41 (-0.97) 

0.39 (-0.99) 
0.35 (-1.04) 
0.31 (-1.08) 
0.30 (-1.09) 
0.30 (-1.06) 
0.31 (-1.04) 
0.33 (-1.00) 
0.34 (-0.97) 
0.35 (-0.94) 
0.37 (-0.90) 
0.38 (-0.89) 
0.39 (-0.86) 

0.55 (-0.94) 
0.50 (-0.96) 
0.46 (-0.96) 
0.43 (-1.19) 
0.30 (-1.19) 
0.30 (-1.19) 

v.r. t 
1.04 (0.60) 
1.04 (0.39) 
1.05 (0.44) 
1.06 (0.42) 
1.09 (0.54) 
1.10 (0.56) 
1.10 (0.55) 
1.09 (0.43) 
1.08 (0.36) 
1.08 (0.38) 
1.08 (0.36) 

1.05 (0.20) 
1.01 (0.03) 
0.94 (-0.21) 
0.81 (-0.58) 
0.72 (-0.81) 
0.68 (-0.86) 
0.65 (-0.91) 
0.61 (-0.97) 
0.56 (-1.03) 
0.52 (-1.09) 
0.48 (-1.13) 
0.46 (-1.14) 

0.45 (-1.12) 
0.47 (-1.07) 
0.48 (-1.01) 
0.50 (-0.95) 
0.51 (-0.92) 
0.51 (-0.89) 
0.53 (-0.84) 
0.54 (-0.80) 
0.53 (-0.79) 
0.53 (-0.79) 
0.52 (-0.79) 
0.52 (-0.77) 

0.52 (-0.76) 
0.50 (-0.78) 
0.49 (-0.78) 
0.49 (-0.77) 
0.50 (-0.75) 
0.50 (-0.74) 
0.51 (-0.72) 
0.51 (-0.70) 
0.52 (-0.68) 
0.52 (-0.67) 
0.51 (-0.68) 
0.50 (-0.68) 

0.55 (-0.97) 
0.54 (-0.91) 
0.53 (-0.86) 
0.45 (-1.14) 
0.45 (-1.14) 
0.45 (-1.14) 

v.r. t 
1.08 (1.27) 
1.07 (0.80) 
1.08 (0.65) 
1.05 (0.40) 
1.05 (0.31) 
1.04 (0.22) 
1.03 (0.15) 
1.01 (0.07) 
1.00 (-0.02) 
1.00 (0.01) 
1.01 (0.03) 

1.03 (0.11) 
1.03 (0.09) 
0.98 (-0.06) 
0.93 (-0.20) 
0.87 (-0.36) 
0.85 (-0.40) 
0.81 (-0.47) 
0.79 (-0.51) 
0.75 (-0.58) 
0.70 (-0.68) 
0.67 (-0.73) 
0.66 (-0.71) 

0.67 (-0.67) 
0.68 (-0.64) 
0.71 (-0.57) 
0.74 (-0.50) 
0.75 (-0.46) 
0.75 (-0.46) 
0.75 (-0.45) 
0.75 (-0.44) 
0.74 (-0.45) 
0.74 (-0.45) 
0.74 (-0.44) 
0.75 (-0.41) 

0.78 (-0.35) 
0.80 (-0.32) 
0.81 (-0.30) 
0.83 (-0.27) 
0.85 (-0.23) 
0.87 (-0.21) 
0.88 (-0.18) 
0.88 (-0.18) 
0.90 (-0.15) 
0.92 (-0.12) 
0.93 (-0.11) 
0.94 (-0.08) 

0.75 (-0.54) 
0.75 (-0.48) 
0.79 (-0.40) 
0.66 (-0.73) 
0.66 (-0.73) 
0.66 (-0.73) 

v.r. t 
1.06 (1.10) 
1.05 (0.60) 
1.05 (0.46) 
1.03 (0.25) 
1.03 (0.17) 
1.01 (0.06) 
1.00 (0.03) 
0.99 (-0.03) 
0.99 (-0.05) 
1.01 (0.04) 
1.02 (0.09) 

1.05 (0.17) 
1.03 (0.09) 
1.01 (0.03) 
0.95 (-0.13) 
0.89 (-0.30) 
0.88 (-0.32) 
0.83 (-0.42) 
0.79 (-0.50) 
0.72 (-0.65) 
0.62 (-0.84) 
0.54 (-0.99) 
0.49 (-1.06) 

0.47 (-1.09) 
0.46 (-1.07) 
0.47 (-1.03) 
0.49 (-0.98) 
0.49 (-0.95) 
0.49 (-0.93) 
0.49 (-0.91) 
0.50 (-0.89) 
0.48 (-0.90) 
0.47 (-0.90) 
0.47 (-0.89) 
0.47 (-0.88) 

0.48 (-0.85) 
0.48 (-0.83) 
0.48 (-0.82) 
0.50 (-0.78) 
0.51 (-0.75) 
0.53 (-0.71) 
0.56 (-0.67) 
0.57 (-0.64) 
0.58 (-0.61) 
0.61 (-0.56) 
0.62 (-0.54) 
0.65 (-0.50) 

0.61 (-0.79) 
0.57 (-0.82) 
0.57 (-0.77) 
0.46 (-1.09) 
0.46 (-1.09) 
0.46 (-1.09) 

v.r. t 
1.05 (0.72) 
1.02 (0.25) 
1.01 (0.09) 
0.98 (-0.13) 
0.98 (-0.15) 
0.95 (-0.30) 
0.93 (-0.36) 
0.91 (-0.44) 
0.89 (-0.49) 
0.90 (-0.46) 
0.89 (-0.48) 

0.84 (-0.59) 
0.79 (-0.71) 
0.74 (-0.83) 
0.64 (-1.08) 
0.56 (-1.23) 
0.55 (-1.19) 
0.54 (-1.18) 
0.52 (-1.16) 
0.49 (-1.20) 
0.44 (-1.28) 
0.39 (-1.34) 
0.36 (-1.36) 

0.33 (-1.39) 
0.32 (-1.37) 
0.32 (-1.34) 
0.34 (-1.28) 
0.34 (-1.24) 
0.33 (-1.25) 
0.31 (-1.25) 
0.29 (-1.25) 
0.26 (-1.29) 
0.24 (-1.30) 
0.22 (-1.31) 
0.22 (-1.30) 

0.22 (-1.28) 
0.21 (-1.28) 
0.20 (-1.28) 
0.19 (-1.26) 
0.19 (-1.25) 
0.19 (-1.24) 
0.21 (-1.20) 
0.22 (-1.17) 
0.24 (-1.13) 
0.26 (-1.08) 
0.26 (-1.06) 
0.27 (-1.04) 

0.41 (-1.27) 
0.35 (-1.27) 
0.32 (-1.24) 
0.29 (-1.39) 
0.19 (-1.39) 
0.19 (-1.39) 

v.r. t 
1.03 (0.43) 
1.02 (0.26) 
1.05 (0.43) 
1.05 (0.38) 
1.08 (0.52) 
1.07 (0.39) 
1.05 (0.27) 
1.03 (0.13) 
1.00 (0.00) 
0.98 (-0.07) 
0.97 (-0.15) 

0.92 (-0.31) 
0.87 (-0.43) 
0.82 (-0.55) 
0.76 (-0.72) 
0.68 (-0.89) 
0.63 (-0.96) 
0.59 (-1.03) 
0.54 (-1.10) 
0.49 (-1.19) 
0.43 (-1.27) 
0.38 (-1.34) 
0.35 (-1.37) 

0.34 (-1.36) 
0.35 (-1.31) 
0.37 (-1.24) 
0.40 (-1.16) 
0.41 (-1.11) 
0.41 (-1.09) 
0.42 (-1.06) 
0.43 (-1.01) 
0.42 (-1.00) 
0.41 (-1.01) 
0.41 (-0.99) 
0.41 (-0.97) 

0.43 (-0.93) 
0.44 (-0.90) 
0.45 (-0.88) 
0.45 (-0.86) 
0.46 (-0.84) 
0.45 (-0.84) 
0.45 (-0.83) 
0.45 (-0.82) 
0.46 (-0.80) 
0.48 (-0.75) 
0.49 (-0.74) 
0.51 (-0.70) 

0.46 (-1.15) 
0.45 (-1.08) 
0.45 (-1.01) 
0.34 (-1.37) 
0.34 (-1.37) 
0.34 (-1.37) 

v.r. t 
1.03 (0.55) 
1.02 (0.27) 
1.02 (0.17) 
0.99 (-0.07) 
1.00 (-0.01) 
0.99 (-0.09) 
0.99 (-0.04) 
1.00 (0.01) 
0.99 (-0.05) 
0.99 (-0.06) 
0.99 (-0.04) 

1.00 (0.02) 
1.01 (0.04) 
1.01 (0.04) 
0.98 (-0.05) 
0.93 (-0.21) 
0.89 (-0.30) 
0.85 (-0.41) 
0.81 (-0.48) 
0.77 (-0.56) 
0.71 (-0.68) 
0.69 (-0.72) 
0.68 (-0.72) 

0.67 (-0.72) 
0.68 (-0.68) 
0.70 (-0.62) 
0.74 (-0.52) 
0.77 (-0.45) 
0.80 (-0.38) 
0.84 (-0.30) 
0.88 (-0.22) 
0.90 (-0.18) 
0.91 (-0.16) 
0.94 (-0.10) 
0.96 (-0.07) 

0.99 (-0.02) 
1.00 (0.00) 
1.01 (0.01) 
1.02 (0.03) 
1.02 (0.04) 
1.03 (0.05) 
1.05 (0.07) 
1.06 (0.09) 
1.07 (0.11) 
1.11 (0.17) 
1.14 (0.20) 
1.17 (0.25) 

0.78 (-0.50) 
0.84 (-0.35) 
0.90 (-0.24) 
0.67 (-0.73) 
0.67 (-0.73) 
0.67 (-0.73) 

June of 1965 into 25 groups according to the ranks of the individual firm historical average size (market equity) measuna at Ae end̂ of 
June of 1965 (see e q l k T l U of this dissertation). MCN is the market portfolio which consistsof die.stocks uvthe 25 CN portfolios. 
Q^^JZamm^iwa^tolTDnio,^ Variant ratios are those in the column denoted by Vr. Numbers ms.de 
parentheses in the column denoted by V are variance ratio t values. If the absolute value of a t value is greater than 1.96. the vanance 
rTotsSf icandy different from one at the 5 percent level. AVS, AVM. and AVL are respectively the ... (continued on next page) 
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Table 4.18 (continued) 

CN19 CN20 CN21 CN22 CN23 CN24 CN25 MCN 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

v.r. t 
1.00 (0.00) 
0.95 (-0.50) 
0.91 (-0.73) 
0.88 (-0.81) 
0.88 (-0.71) 
0.87 (-0.76) 
0.86 (-0.72) 
0.87 (-0.66) 
0.85 (-0.67) 
0.86 (-0.63) 
0.86 (-0.59) 

0.85 (-0.56) 
0.83 (-0.58) 
0.80 (-0.65) 
0.72 (-0.85) 
0.64 (-1.01) 
0.60 (-1.06) 
0.56 (-1.12) 
0.52 (-1.17) 
0.48 (-1.23) 
0.42 (-1.31) 
0.40 (-1.33) 
0.38 (-1.33) 

0.37 (-1.31) 
0.37 (-1.27) 
0.38 (-1.23) 
0.40 (-1.16) 
0.41 (-1.11) 
0.41 (-1.09) 
0.41 (-1.06) 
0.42 (-1.03) 
0.40 (-1.04) 
0.38 (-1.05) 
0.38 (-1.05) 
0.36 (-1.05) 

0.36 (-1.04) 
0.35 (-1.04) 
0.35 (-1.02) 
0.36 (-0.99) 
0.37 (-0.96) 
0.38 (-0.94) 
0.40 (-0.89) 
0.41 (-0.87) 
0.41 (-0.86) 
0.41 (-0.84) 
0.41 (-0.84) 
0.41 (-0.83) 

0.45 (-1.18) 
0.43 (-1.13) 
0.42 (-1.07) 
0.37 (-1.33) 
0.35 (-1.33) 
0.35 (-1.33) 

v.r. t 
1.00 (0.06) 
0.97 (-0.32) 
0.93 (-0.55) 
0.91 (-0.65) 
0.92 (-0.46) 
0.93 (-0.39) 
0.94 (-0.34) 
0.93 (-0.34) 
0.91 (-0.41) 
0.90 (-0.43) 
0.90 (-0.44) 

0.88 (-0.46) 
0.86 (-0.48) 
0.82 (-0.58) 
0.74 (-0.77) 
0.66 (-0.94) 
0.63 (-0.99) 
0.59 (-1.04) 
0.55 (-1.09) 
0.53 (-1.11) 
0.50 (-1.14) 
0.49 (-1.12) 
0.49 (-1.10) 

0.49 (-1.05) 
0.51 (-0.99) 
0.54 (-0.91) 
0.56 (-0.85) 
0.56 (-0.83) 
0.55 (-0.82) 
0.55 (-0.82) 
0.54 (-0.81) 
0.52 (-0.83) 
0.51 (-0.84) 
0.50 (-0.83) 
0.50 (-0.83) 

0.50 (-0.81) 
0.50 (-0.80) 
0.50 (-0.79) 
0.50 (-0.77) 
0.52 (-0.74) 
0.53 (-0.71) 
0.56 (-0.66) 
0.58 (-0.62) 
0.60 (-0.58) 
0.63 (-0.54) 
0.65 (-0.50) 
0.68 (-0.45) 

0.55 (-0.98) 
0.53 (-0.92) 
0.55 (-0.85) 
0.49 (-1.15) 
0.49 (-1.15) 
0.49 (-1.15) 

v.r. t 
0.96 (-0.55) 
0.91 (-0.85) 
0.88 (-0.89) 
0.85 (-0.96) 
0.88 (-0.68) 
0.88 (-0.64) 
0.87 (-0.67) 
0.85 (-0.70) 
0.83 (-0.74) 
0.84 (-0.69) 
0.83 (-0.71) 

0.80 (-0.73) 
0.76 (-0.79) 
0.70 (-0.91) 
0.63 (-1.06) 
0.56 (-1.19) 
0.53 (-1.22) 
0.51 (-1.23) 
0.48 (-1.23) 
0.46 (-1.24) 
0.43 (-1.26) 
0.42 (-1.25) 
0.43 (-1.20) 

0.45 (-1.12) 
0.49 (-1.03) 
0.52 (-0.94) 
0.55 (-0.86) 
0.56 (-0.81) 
0.56 (-0.80) 
0.57 (-0.78) 
0.57 (-0.76) 
0.56 (-0.76) 
0.55 (-0.76) 
0.55 (-0.75) 
0.56 (-0.73) 

0.56 (-0.71) 
0.57 (-0.70) 
0.57 (-0.68) 
0.58 (-0.65) 
0.60 (-0.61) 
0.62 (-0.58) 
0.64 (-0.54) 
0.66 (-0.51) 
0.66 (-0.49) 
0.68 (-0.47) 
0.68 (-0.45) 
0.70 (-0.43) 

0.51 (-1.06) 
0.53 (-0.95) 
0.56 (-0.84) 
0.42 (-1.27) 
0.42 (-1.27) 
0.42 (-1.27) 

v.r. t 
0.99 (-0.17) 
0.96 (-0.35) 
0.93 (-0.59) 
0.90 (-0.72) 
0.91 (-0.58) 
0.90 (-0.59) 
0.89 (-0.56) 
0.89 (-0.55) 
0.88 (-0.56) 
0.89 (-0.51) 
0.89 (-0.47) 

0.90 (-0.37) 
0.91 (-0.32) 
0.90 (-0.33) 
0.85 (-0.46) 
0.79 (-0.60) 
0.78 (-0.59) 
0.76 (-0.61) 
0.74 (-0.63) 
0.71 (-0.69) 
0.65 (-0.79) 
0.62 (-0.85) 
0.60 (-0.85) 

0.61 (-0.81) 
0.62 (-0.76) 
0.65 (-0.69) 
0.68 (-0.61) 
0.70 (-0.57) 
0.71 (-0.54) 
0.72 (-0.50) 
0.74 (-0.46) 
0.73 (-0.47) 
0.73 (-0.46) 
0.74 (-0.44) 
0.75 (-0.41) 

0.77 (-0.38) 
0.78 (-0.35) 
0.78 (-0.34) 
0.79 (-0.32) 
0.81 (-0.30) 
0.82 (-0.28) 
0.83 (-0.25) 
0.84 (-0.23) 
0.85 (-0.22) 
0.88 (-0.17) 
0.91 (-0.12) 
0.95 (-0.06) 

0.69 (-0.66) 
0.71 (-0.58) 
0.75 (-0.48) 
0.60 (-0.85) 
0.60 (-0.85) 
0.60 (-0.85) 

v.r. t 
0.92 (-1.15) 
0.87 (-1.31) 
0.85 (-1.20) 
0.84 (-1.16) 
0.85 (-0.94) 
0.85 (-0.86) 
0.85 (-0.79) 
0.86 (-0.70) 
0.86 (-0.68) 
0.86 (-0.64) 
0.86 (-0.61) 

0.87 (-0.50) 
0.86 (-0.47) 
0.83 (-0.56) 
0.74 (-0.77) 
0.67 (-0.93) 
0.64 (-0.98) 
0.59 (-1.06) 
0.55 (-1.11) 
0.51 (-1.17) 
0.46 (-1.25) 
0.45 (-1.23) 
0.45 (-1.19) 

0.46 (-1.15) 
0.48 (-1.08) 
0.50 (-1.00) 
0.53 (-0.93) 
0.54 (-0.89) 
0.55 (-0.86) 
0.55 (-0.84) 
0.56 (-0.80) 
0.55 (-0.80) 
0.54 (-0.80) 
0.55 (-0.78) 
0.55 (-0.76) 

0.57 (-0.72) 
0.57 (-0.71) 
0.57 (-0.70) 
0.57 (-0.69) 
0.57 (-0.67) 
0.57 (-0.66) 
0.59 (-0.63) 
0.60 (-0.61) 
0.60 (-0.60) 
0.62 (-0.56) 
0.64 (-0.53) 
0.66 (-0.49) 

0.53 (-1.03) 
0.54 (-0.94) 
0.56 (-0.85) 
0.45 (-1.25) 
0.45 (-1.25) 
0.45 (-1.25) 

v.r. t 
1.04 (0.53) 
1.04 (0.34) 
1.05 (0.42) 
1.07 (0.47) 
1.12 (0.70) 
1.13 (0.70) 
1.15 (0.76) 
1.17 (0.80) 
1.18 (0.78) 
1.19 (0.80) 
1.20 (0.81) 

1.23 (0.81) 
1.21 (0.68) 
1.17 (0.52) 
1.09 (0.27) 
1.02 (0.04) 
0.99 (-0.03) 
0.96 (-0.09) 
0.95 (-0.13) 
0.92 (-0.18) 
0.87 (-0.29) 
0.84 (-0.34) 
0.85 (-0.31) 

0.87 (-0.27) 
0.90 (-0.21) 
0.93 (-0.13) 
0.98 (-0.04) 
1.01 (0.02) 
1.04 (0.07) 
1.07 (0.12) 
1.10 (0.18) 
1.12 (0.21) 
1.14 (0.24) 
1.18 (0.30) 
1.21 (0.34) 

1.25 (0.40) 
1.28 (0.44) 
1.30 (0.47) 
1.33 (0.50) 
1.35 (0.53) 
1.35 (0.53) 
1.37 (0.54) 
1.36 (0.53) 
1.36 (0.52) 
1.37 (0.54) 
1.38 (0.55) 
1.41 (0.57) 

0.95 (-0.10) 
1.04 (0.05) 
1.12 (0.17) 
0.84 (-0.34) 
0.84 (-0.34) 
0.84 (-0.34) 

v.r. t 
0.97 (-0.35) 
0.96 (-0.34) 
0.99 (-0.06) 
1.01 (0.06) 
1.05 (0.31) 
1.06 (0.34) 
1.07 (0.33) 
1.06 (0.29) 
1.06 (0.27) 
1.07 (0.31) 
1.09 (0.35) 

1.11 (0.40) 
1.09 (0.31) 
1.04 (0.12) 
0.95 (-0.15) 
0.86 (-0.37) 
0.82 (-0.46) 
0.78 (-0.54) 
0.75 (-0.60) 
0.72 (-0.63) 
0.68 (-0.72) 
0:64 (-0.78) 
0.63 (-0.77) 

0.65 (-0.72) 
0.68 (-0.63) 
0.72 (-0.55) 
0.74 (-0.49) 
0.76 (-0.46) 
0.76 (-0.44) 
0.76 (-0.44) 
0.75 (-0.44) 
0.72 (-0.48) 
0.70 (-0.51) 
0.69 (-0.51) 
0.70 (-0.50) 

0.70 (-0.48) 
0.71 (-0.46) 
0.73 (-0.43) 
0.75 (-0.39) 
0.77 (-0.35) 
0.79 (-0.32) 
0.81 (-0.28) 
0.83 (-0.25) 
0.84 (-0.24) 
0.86 (-0.21) 
0.87 (-0.18) 
0.89 (-0.16) 

0.73 (-0.56) 
0.73 (-0.53) 
0.75 (-0.46) 
0.63 (-0.78) 
0.63 (-0.78) 
0.63 (-0.78) 

v.r. t 
1.00 (-0.01) 
0.98 (-0.23) 
0.98 (-0.16) 
0.97 (-0.17) 
1.00 (0.03) 
1.01 (0.04) 
1.01 (0.05) 
1.01 (0.03) 
1.00 (0.00) 
1.01 (0.03) 
1.01 (0.05) 

1.02 (0.07) 
1.00 (-0.01) 
0.95 (-0.16) 
0.86 (-0.42) 
0.77 (-0.62) 
0.74 (-0.68) 
0.70 (-0.75) 
0.67 (-0.80) 
0.63 (-0.85) 
0.57 (-0.96) 
0.54 (-1.01) 
0.52 (-1.00) 

0.53 (-0.96) 
0.55 (-0.89) 
0.58 (-0.82) 
0.61 (-0.75) 
0.62 (-0.70) 
0.63 (-0.69) 
0.63 (-0.66) 
0.64 (-0.64) 
0.62 (-0.66) 
0.60 (-0.68) 
0.60 (-0.67) 
0.61 (-0.65) 

0.62 (-0.62) 
0.62 (-0.61) 
0.62 (-0.60) 
0.64 (-0.56) 
0.65 (-0.53) 
0.67 (-0.51) 
0.69 (-0.47) 
0.70 (-0.44) 
0.71 (-0.42) 
0.74 (-0.37) 
0.76 (-0.34) 
0.79 (-0.30) 

0.62 (-0.80) 
0.62 (-0.74) 
0.64 (-0.66) 
0.52 (-1.01) 
0.52 (-1.01) 
0.52 (-1.01) 

arithmetic means of the relevant measures (either variance ratios or t values) for the h ^ ^ ^ w e e n 25 mornhs and 72 months, 
Sween 25 months and 96 months, and between 25 months and 120months. MNS. MNM. and MNL are r^pecuvely fe.mini™i of̂ the 
relevant measures (either variance ratios or t values) for the horizons between 25 months and 72 months, between 25 months and 96 
months, and between 25 months and 120 months. The variance of monthly observations is the base vanance for calculatmg variance ratios 
(see equation 4.2 of this dissertation). Variance ratio t values are based on equation (B.19) of this dissertation, wh,ch,s developed by Lo 
and MacKinlay (1988) under the assumption that random variables of interest are serially uncorrelated and heteroscedasticaUy d.stnbuted. 
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Table 4.19 
Variance Ratios and Their t Values for Value-weighted Excess Returns 

of the June-1965 Crawl Forward Size Portfolios of Only the AMEX 
Stocks from June 1971 to December 1996 

~Q CXI CX2 Cx! CX4 CX5 CX6 CX7 CX8 CX9 

v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t 
2 1.04(0.61) 1.07(1.18) 1.04(0.74) 1.14(1.36) 1.10(1.65) 0.95 (-0.97) 1.18(3.02) 1.02(0.44) 1.21(3.21) 
3 1.05(0.52) 1.07(0.84) 1.06(0.74) 1.20(1.38) 1.16(1.85) 0.89 (-1.28) 1.26(175) 1.00 (-0.05) 1.28(2.88) 
4 1.07(0.64) 1.10(0.92) 1.09(0.82) 1.22(1.35) 1.18(1.71) 0.85 (-1.32) 1.28(132) 0.97 (-0.31) 1.34(2.90) 
5 1.09(0.70) 1.11(0.92) 1.13(1.00) 1.23(1.24) 1.16(1.30) 0.82 (-1.40) 1.28(100) 0.94 (-0.46) 1.40(188) 
6 1.11(0.80) 1.08(0.55) 1.17(1.18) 1.25(1.24) 1.14(0.99) 0.79 (-1.43) 1.29(1.85) 0.92 (-0.56) 1.42(176) 
7 1.14(0.88) 1.05(0.35) 1.20(1.30) 1.27(1.26) 1.10(0.66) 0.76 (-1.52) 1.29(1.71) 0.90 (-0.57) 1.44(163) 
8 1.17(1.01) 1.04(0.27) 1.24(1.38) 1.31(1.37) 1.08(0.45) 0.74 (-1.49) 1.28(1.51) 0.89 (-0.57) 1.47(2.56) 
9 1.20(1.09) 1.04(0.22) 1.27(1.45) 1.35(1.49) 1.05(0.26) 0.73 (-1.48) 1.27(1.39) 0.85 (-0.75) 1.47(2.42) 
10 1.23(1.23) 1.03(0.17) 1.30(1.54) 1.38(1.52) 1.03(0.14) 0.72 (-1.42) 1.27(1.32) 0.82 (-0.87) 1.46(121) 
11 1.26(1.29) 1.04(0.21) 1.33(1.59) 1.39(1.51) 1.03(0.15) 0.74 (-1.27) 1.29(1.34) 0.80 (-0.89) 1.45(107) 
12 1.28(1.34) 1.06(0.28) 1.34(1.56) 1.42(1.53) 1.05(0.22) 0.77 (-1.09) 1.31(1.38) 0.79 (-0.89) 1.47(103) 

15 1.38(1.61) 1.16(0.68) 1.40(1.62) 1.46(1.51) 1.12(0.50) 0.81 (-0.76) 1.42(1.65) 0.79 (-0.80) 1.50(1.93) 
18 1.44(1.66) 1.21(0.80) 1.37(1.35) 1.49(1.49) 1.10(0.38) 0.83 (-0.65) 1.45(1.61) 0.78 (-0.77) 1.53(1.86) 
21 1.45(1.56) 1.21(0.74) 1.34(1.13) 1.51(1.42) 1.03(0.12) 0.86 (-0.47) 1.45(1.49) 0.72 (-0.88) 1.56(1.82) 
24 1.42(1.38) 1.20(0.64) 1.30(0.94) 1.46(1.20) 0.97 (-0.08) 0.87 (-0.41) 1.43(1.32) 0.68 (-0.94) 1.59(1.77) 
27 1.38(1.17) 1.19(0.57) 1.29(0.85) 1.43(1.06) 0.95 (-0.16) 0.87 (-0.40) 1.43(1.25) 0.69 (-0.87) 1.62(1.77) 
30 1.34(0.98) 1.18(0.53) 1.30(0.83) 1.40(0.93) 0.93 (-0.21) 0.89 (-0.32) 1.40(1.12) 0.72 (-0.73) 1.67(1.81) 
33 1.25(0.70) 1.17(0.48) 1.30(0.80) 1.34(0.75) 0.89 (-0.31) 0.89 (-0.29) 1.35(0.93) 0.72 (-0.71) 1.69(1.78) 
36 1.16(0.43) 1.16(0.43) 1.28(0.71) 1.26(0.56) 0.87 (-0.35) 0.89 (-0.28) 1.28(0.71) 0.71 (-0.71) 1.70(1.73) 
39 1.08(0.21) 1.18(0.44) 1.26(0.64) 1.17(0.35) 0.84 (-0.39) 0.90 (-0.26) 1.22(0.53) 0.74 (-0.61) 1.73(1.73) 
42 1.00 (-0.01) 1.16(0.38) 1.23(0.54) 1.10(0.20) 0.79 (-0.50) 0.90 (-0.24) 1.16(0.37) 0.76 (-0.54) 1.75(1.71) 
45 0.90 (-0.24) 1.14(0.33) 1.17(0.38) 1.05(0.09) 0.75 (-0.60) 0.90 (-0.23) 1.10(0.23) 0.75(0.54) 1.75(1.65) 
48 0.82 (-0.41) 1.13(0.30) 1.12(0.27) 1.00(0.00) 0.73 (-0.62) 0.91 (-0.19) 1.06(0.12) 0.72 (-0.61) 1.77(1.65) 

51 0.76 (-0.53) 1.14(0.30) 1.11(0.25) 0.96 (-0.07) 0.72 (-0.62) 0.96 (-0.09) 1.02(0.05) 0.69 (-0.63) 1.81(1.69) 
54 0 69 (-0.67) 1.12(0.25) 1.09(0.18) 0.92 (-0.15) 0.72 (-0.59) 0.99 (-0.03) 1.00(0.00) 0.67 (-0.66) 1.86(1.74) 
57 0 62 (-0.80) 1.09(0.18) 1.06(0.12) 0.88 (-0.21) 0.73 (-0.56) 0.99 (-0.01) 0.97 (-0.05) 0.64 (-0.72) 1.90(1.77) 
60 0 57 (-0.87) 1.08(0.17) 1.03(0.06) 0.85 (-0.26) 0.75 (-0.52) 1.00(0.00) 0.95 (-0.10) 0.62 (-0.74) 1.93(1.79) 
63 0 54 (-0.91) 1.08(0.16) 1.02(0.05) 0.82 (-0.31) 0.76 (-0.48) 1.01(0.02) 0.92 (-0.15) 0.60 (-0.75) 1.95(1.79) 
66 0 53 (-0.91) 1.08(0.16) 1.03(0.05) 0.80 (-0.32) 0.77 (-0.45) 1.00(0.00) 0.89 (-0.22) 0.59 (-0.75) 1.97(1.79) 
69 0 53 (-0 90) 1.09(0.17) 1.05(0.09) 0.79 (-0.34) 0.76 (-0.45) 1.00(0.01) 0.85 (-0.27) 0.57 (-0.79) 2.00(1.81) 
72 0 55 (-0 84) 1.11(0.21) 1.07(0.12) 0.77 (-0.36) 0.76 (-0.45) 1.00(0.01) 0.81 (-0.35) 0.52 (-0.85) 2.05(1.86) 
75 0 57 (-0 78) 113(0.23) 1.10(0.17) 0.75 (-0.39) 0.75 (-0.45) 0.99 (-0.01) 0.76 (-0.42) 0.47 (-0.92) 2.07(1.87) 
78 0 60 (-0 72) 1.15(0.27) 1.12(0.20) 0.74 (-0.39) 0.76 (-0.44) 0.98 (-0.03) 0.72 (-0.48) 0.45 (-0.95) 2.09(1.86) 
81 061 (-0 68) 1.17(0.30) 1.12(0.21) 0.74 (-0.40) 0.76 (-0.43) 0.97 (-0.05) 0.69 (-0.53) 0.41 (-0.99) 2.10(1.84) 
84 0̂ 61 (-0.67) 1.19(0.32) 1.13(0.22) 0.73 (-0.40) 0.76 (-0.42) 0.95 (-0.08) 0.64 (-0.60) 0.38 (-1.03) 2.10(1.82) 

87 0 61 (-0 66) 1.20(0.34) 1.14(0.23) 0.72 (-0.41) 0.76 (-0.41) 0.94 (-0.09) 0.61 (-0.65) 0.36 (-1.04) 2.10(1.79) 
90 0 60 -0 68) 1.20(0.34) 1.15(0.25) 0.72 (-0.42) 0.76 (-0.40) 0.93 (-0.12) 0.57 (-0.71) 0.35 (-1.05) 2.09(1.75) 
93 0 57 (-0 72) 119(0 32) 1.17(0.28) 0.72 (-0.41) 0.77 (-0.39) 0.90 (-0.16) 0.54 (-0.75) 0.32 (-1.08) 108(1.70) 
96 0 54 (-074) 120(0.32) 1.20(0.32) 0.71 (-0.41) 0.76 (-0.40) 0.89 (-0.17) 0.51 (-0.78) 0.30 (-1.10) 2.07(1.67) 
99 0 53 (-076) 121(0.33) 1.24(0.38) 0.71 (-0.41) 0.75(0.39) 0.89 (-0.17) 0.50 (-0.78) 0.29 (-1.10) 2.07(1.64) 
102 0 52 (-077) 122(0.35) 1.28(0.43) 0.71 (-0.40) 0.76 (-0.38) 0.89(0.18) 0.50 (-0.78) 0.30 (-1.08) 2.06(1.61) 
105 051 (-077) 124(0.37) 1.32(0.49) 0.71 (-0.40) 0.77 (-0.36) 0.88 (-0.19) 0.51 (-0.75) 0.30 (-1.06) 2.06(1.58) 
108 051-0*75) 126(0.41) 1.35(0.52) 0.72(-0.39) 0.78 (-0.34) 0.86 (-0.22) 0.53 (-0.72) 0.31 (-1.04) 108(1.60) 
111 0*52(-073) 129(0 45) 1.39(0.58) 0.72 (-0.38) 0.80 (-0.30) 0.85 (-0.23) 0.55 (-0.68) 0.32 (-1.01) 2.10(1.61) 
114 0 57 (-065) 1*31(0.47) 1.42(0.63) 0.72(-0.38) 0.81 (-0.28) 0.84 (-0.25) 0.57 (-0.64) 0.34 (-0.97) 2.11(1.61) 
117 0*59-0*61) 1*31(045) 1.45(0.65) 0.71 (-0.39) 0.80 (-0.30) 0.82 (-0.27) 0.59 (-0.60) 0.34 (-0.95) 110(1.57) 
120 0*62 (-0*57) L29(0.43) 1.47(0.68) 0.70 (-0.40) 0.77 (-0.33) 0.80 (-0.29) 0.61 (-0.57) 0.35 (-0.93) 2.08(1.52) 

AVS 0 88 (-018) 113(0.32) 1.15(0.39) 1.05(0.15) 0.80 (-0.45) 0.94 (-0.15) 1.10(0.29) 0.67 (-0.70) 1.81(1.75) 
AVM 0 78-0*36 115 0.32 1.15(0.33) 0.94 (-0.03) 0.78 (-0.44) 0.94 (-0.13) 0.95(0.00) 0.58 (-0.81) 1.90(1.77) 
AVL 0 7 2 - 0 4 4 118 0 34 1.20(0.38) 0.89 (-0.12) 0.78 (-0.41) 0.92(-0.15) 0.85 (-0.18) 0.51 (-0.86) 1.95(1.72) 
MNS 0 53 -092 108 0.15 1.02(0.05) 0.77 (-0.36) 0.72 (-0.63) 0.86 (-0.41) 0.81 (-0.35) 0.52 (-0.95) 1.60(1.65) 
MNM 0 5 3 - 0 9 2 1.08 0.15 1.02(0.05) 0.71 (-0.42) 0.72 (-0.63) 0.86 (-0.41) 0.51 (-0.78) 0.30(-1.10) 1.60(1.65) 
MNL 0*51 (-0*92) 1.08(0.15) 1.02(0.05) 0.70 (-0.42) 0.72 (-0.63) 0.80 (-0.41) 0.50 (-0.78) 0.29 (-1.10) 1.60(1.52) 

Monthly excess return is the difference between monthly nominal return and t-bill rate for the month. CXi is the Uh crawl forward size 
ranked portfoUo. The CX portfolios are formed by evenly dividing the AMEX stocks existing at the end of ... (continued on next page) 
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Table 4.19 (continued) 

cxio cxn CX12 CX13 CX14 CX15 CX16 CX17 CX18 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

v.r. t 
1.03 (0.50) 
1.02 (0.19) 
1.04 (0.37) 
1.04 (0.31) 
1.03 (0.19) 
1.02 (0.13) 
1.01 (0.08) 
1.00 (0.00) 
0.98 (-0.07) 
0.97 (-0.14) 
0.95 (-0.20) 

0.93 (-0.27) 
0.90 (-0.35) 
0.90 (-0.32) 
0.88 (-0.35) 
0.88 (-0.34) 
0.88(0.31) 
0.85 (-0.37) 
0.83 (-0.42) 
0.79 (-0.48) 
0.74 (-0.58) 
0.68 (-0.70) 
0.64 (-0.76) 

0.62 (-0.78) 
0.60 (-0.81) 
0.56 (-0.86) 
0.54 (-0.88) 
0.53 (-0.87) 
0.51 (-0.89) 
0.50 (-0.89) 
0.49 (-0.89) 
0.47 (-0.90) 
0.46 (-0.90) 
0.46 (-0.90) 
0.45 (-0.89) 

0.46 (-0.87) 
0.45 (-0.86) 
0.45 (-0.85) 
0.46 (-0.82) 
0.48 (-0.78) 
0.51 (-0.73) 
0.53 (-0.69) 
0.53 (-0.68) 
0.52 (-0.69) 
0.50 (-0.70) 
0.48 (-0.72) 
0.48 (-0.72) 

0.67 (-0.67) 
0.60 (-0.74) 
0.58 (-0.73) 
0.49 (-0.89) 
0.45 (-0.91) 
0.45 (-0.91) 

v.r. t 
1.11 (1.67) 
1.16 (1.55) 
1.21 (1.62) 
1.25 (1.68) 
1.26 (1.55) 
1.25 (1.37) 
1.25 (1.24) 
1.26 (1.20) 
1.26 (1.17) 
1.26 (1.11) 
1.25 (1.01) 
1.21 (0.75) 
1.13 (0.44) 
1.01 (0.02) 
0.88 (-0.36) 
0.80 (-0.53) 
0.81 (-0.49) 
0.81 (-0.46) 
0.82 (-0.42) 
0.82 (-0.41) 
0.81 (-0.42) 
0.79 (-0.45) 
0.75 (-0.53) 

0.73 (-0.56) 
0.69 (-0.62) 
0.67 (-0.65) 
0.67 (-0.63) 
0.66 (-0.64) 
0.66 (-0.63) 
0.67 (-0.60) 
0.68 (-0.56) 
0.69 (-0.54) 
0.68 (-0.55) 
0.65 (-0.59) 
0.63 (-0.61) 

0.62 (-0.63) 
0.59 (-0.65) 
0.59 (-0.65) 
0.59 (-0.65) 
0.60 (-0.61) 
0.61 (-0.60) 
0.61 (-0.59) 
0.63 (-0.56) 
0.64 (-0.53) 
0.66 (-0.50) 
0.66 (-0.49) 
0.66 (-0.48) 

0.74 (-0.54) 
0.71 (-0.56) 
0.69 (-0.56) 
0.66 (-0.66) 
0.58 (-0.66) 
0.58 (-0.66) 

v.r. t 
1.13 (2.04) 
1.19 (2.05) 
1.24 (2.13) 
1.27 (1.99) 
1.30 (1.98) 
1.33 (1.98) 
1.37 (2.04) 
1.41 (2.15) 
1.45 (2.20) 
1.49 (2.30) 
1.53 (2.37) 

1.63 (2.51) 
1.69 (2.51) 
1.68 (2.29) 
1.64 (2.01) 
1.60 (1.76) 
1.53 (1.48) 
1.43 (1.14) 
1.33 (0.84) 
1.25 (0.61) 
1.16 (0.38) 
1.06 (0.15) 
0.98 (-0.04) 

0.94 (-0.14) 
0.88 (-0.26) 
0.81 (-0.38) 
0.78 (-0.45) 
0.76 (-0.47) 
0.75 (-0.47) 
0.75 (-0.46) 
0.78 (-0.41) 
0.81 (-0.35) 
0.84 (-0.29) 
0.86 (-0.24) 
0.89 (-0.19) 

0.91 (-0.14) 
0.93 (-0.12) 
0.93 (-0.11) 
0.94 (-0.10) 
0.95 (-0.08) 
0.97 (-0.05) 
0.99 (-0.01) 
1.02 (0.03) 
1.06 (0.09) 
1.11 (0.16) 
1.13 (0.20) 
1.15 (0.23) 

1.07 (0.25) 
1.00 (0.10) 
1.01 (0.09) 
0.75 (-0.47) 
0.75 (-0.47) 
0.75 (-0.47) 

v.r. t 
0.99 (-0.18) 
0.97 (-0.41) 
1.00 (-0.04) 
0.97 (-0.27) 
0.% (-0.26) 
0.95 (-0.34) 
0.93 (-0.42) 
0.91 (-0.54) 
0.88 (-0.63) 
0.88 (-0.60) 
0.87 (-0.60) 

0.86 (-0.61) 
0.82 (-0.67) 
0.78 (-0.77) 
0.74 (-0.86) 
0.72 (-0.86) 
0.72 (-0.81) 
0.70 (-0.84) 
0.68 (-0.86) 
0.68 (-0.81) 
0.68 (-0.80) 
0.65 (-0.83) 
0.64 (-0.83) 

0.65 (-0.79) 
0.66 (-0.75) 
0.66 (-0.72) 
0.66 (-0.71) 
0.65 (-0.71) 
0.64 (-0.72) 
0.62 (-0.75) 
0.61 (-0.76) 
0.61 (-0.73) 
0.61 (-0.72) 
0.60 (-0.74) 
0.57 (-0.78) 

0.53 (-0.82) 
0.49 (-0.88) 
0.45 (-0.94) 
0.42 (-0.97) 
0.40 (-1.00) 
0.38 (-1.01) 
0.36 (-1.03) 
0.35 (-1.04) 
0.34 (-1.04) 
0.33 (-1.03) 
0.32 (-1.05) 
0.31 (-1.05) 

0.67 (-0.79) 
0.62 (-0.80) 
0.56 (-0.85) 
0.60 (-0.88) 
0.42 (-0.97) 
0.31 (-1.05) 

v.r. t 
1.01 (0.11) 
0.94 (-0.65) 
0.94 (-0.56) 
0.93 (-0.57) 
0.92 (-0.52) 
0.93 (-0.46) 
0.91 (-0.51) 
0.89 (-0.59) 
0.87 (-0.65) 
0.87 (-0.62) 
0.87 (-0.57) 

0.90 (-0.39) 
0.90 (-0.36) 
0.92 (-0.27) 
0.91 (-0.28) 
0.89 (-0.31) 
0.88 (-0.33) 
0.86 (-0.37) 
0.83 (-0.43) 
0.81 (-0.47) 
0.80 (-0.48) 
0.79 (-0.48) 
0.78 (-0.47) 

0.78 (-0.47) 
0.77 (-0.47) 
0.76 (-0.49) 
0.75 (-0.49) 
0.74 (-0.49) 
0.74 (-0.49) 
0.74 (-0.47) 
0.76 (-0.43) 
0.76 (-0.42) 
0.76 (-0.41) 
0.76 (-0.41) 
0.76 (-0.41) 

0.74 (-0.43) 
0.73 (-0.45) 
0.70 (-0.48) 
0.68 (-0.50) 
0.67 (-0.52) 
0.66 (-0.52) 
0.65 (-0.53) 
0.63 (-0.55) 
0.63 (-0.55) 
0.61 (-0.57) 
0.57 (-0.62) 
0.54 (-0.66) 

0.80 (-0.45) 
0.78 (-0.44) 
0.74 (-0.47) 
0.74 (-0.50) 
0.68 (-0.50) 
0.54 (-0.66) 

v.r. t 
0.97 (-0.51) 
0.97 (-0.33) 
1.05 (0.54) 
1.06 (0.47) 
1.06 (0.44) 
1.05 (0.32) 
1.02 (0.10) 
1.00 (-0.01) 
0.97 (-0.16) 
0.93 (-0.36) 
0.90 (-0.45) 

0.89 (-0.44) 
0.85 (-0.52) 
0.83 (-0.58) 
0.76 (-0.74) 
0.71 (-0.84) 
0.68 (-0.88) 
0.66 (-0.90) 
0.66 (-0.86) 
0.68 (-0.78) 
0.67 (-0.77) 
0.63 (-0.85) 
0.59 (-0.90) 

0.57 (-0.92) 
0.56 (-0.92) 
0.54 (-0.94) 
0.52 (-0.96) 
0.51 (-0.96) 
0.51 (-0.94) 
0.52 (-0.91) 
0.54 (-0.86) 
0.55 (-0.83) 
0.54 (-0.82) 
0.53 (-0.84) 
0.52 (-0.83) 

0.52 (-0.83) 
0.50 (-0.84) 
0.49 (-0.85) 
0.49 (-0.84) 
0.50 (-0.82) 
0.50 (-0.80) 
0.51 (-0.79) 
0.51 (-0.76) 
0.53 (-0.74) 
0.53 (-0.72) 
0.52 (-0.73) 
0.51 (-0.74) 

0.60 (-0.88) 
0.57 (-0.87) 
0.56 (-0.84) 
0.51 (-0.96) 
0.49 (-0.96) 
0.49 (-0.96) 

v.r. t 
1.11 (1.93) 
1.11 (1.31) 
1.12 (1.09) 
1.10 (0.81) 
1.06 (0.46) 
1.02 (0.12) 
0.98 (-0.10) 
0.95 (-0.26) 
0.94 (-0.31) 
0.94 (-0.29) 
0.95 (-0.24) 
1.01 (0.05) 
1.05 (0.17) 
1.01 (0.05) 
0.99 (-0.05) 
0.99 (-0.03) 
1.01 (0.02) 
0.99 (-0.03) 
0.98 (-0.05) 
1.01 (0.03) 
1.03 (0.06) 
1.02 (0.05) 
1.02 (0.05) 

1.06 (0.12) 
1.07 (0.14) 
1.06 (0.12) 
1.05 (0.10) 
1.04 (0.07) 
1.02 (0.04) 
0.99 (-0.02) 
0.97 (-0.06) 
0.95 (-0.09) 
0.93 (-0.12) 
0.91 (-0.16) 
0.89 (-0.18) 

0.89 (-0.19) 
0.89 (-0.19) 
0.86 (-0.22) 
0.85 (-0.24) 
0.85 (-0.24) 
0.85 (-0.23) 
0.84 (-0.25) 
0.84 (-0.25) 
0.84 (-0.24) 
0.85 (-0.22) 
0.86 (-0.21) 
0.87 (-0.18) 

1.02 (0.04) 
0.98 (-0.03) 
0.95 (-0.08) 
0.97 (-0.06) 
0.85 (-0.24) 
0.84 (-0.25) 

v.r. t 
1.01 (0.09) 
1.05 (0.47) 
1.10 (0.79) 
1.10 (0.70) 
1.12 (0.74) 
1.13 (0.74) 
1.14 (0.73) 
1.12 (0.57) 
1.12 (0.58) 
1.12 (0.55) 
1.13 (0.56) 

1.13 (0.48) 
1.11 (0.40) 
1.07 (0.22) 
1.01 (0.02) 
0.94 (-0.16) 
0.88 (-0.32) 
0.82 (-0.48) 
0.75 (-0.62) 
0.70 (-0.74) 
0.66 (-0.80) 
0.62 (-0.86) 
0.59 (-0.91) 

0.57 (-0.93) 
0.55 (-0.95) 
0.53 (-0.97) 
0.51 (-0.99) 
0.51 (-0.97) 
0.50 (-0.97) 
0.48 (-0.99) 
0.46 (-1.01) 
0.43 (-1.04) 
0.43 (-1.03) 
0.42 (-1.03) 
0.43 (-1.00) 

0.43 (-0.99) 
0.42 (-0.98) 
0.41 (-0.98) 
0.41 (-0.98) 
0.42 (-0.95) 
0.43 (-0.92) 
0.44 (-0.89) 
0.45 (-0.86) 
0.48 (-0.81) 
0.49 (-0.78) 
0.48 (-0.79) 
0.47 (-0.80) 

0.64 (-0.77) 
0.57 (-0.85) 
0.54 (-0.85) 
0.46 (-1.01) 
0.41 (-1.04) 
0.41 (-1.04) 

v.r. t 
1.11 (111) 
1.17 (1.92) 
1.22 (1.89) 
1.24 (1.68) 
1.26 (1.59) 
1.28 (1.58) 
1.30 (1.56) 
1.33 (1.59) 
1.33 (1.49) 
1.34 (1.44) 
1.33 (1.37) 
1.38 (1.38) 
1.36 (1.18) 
1.37 (1.13) 
1.31 (0.88) 
1.26 (0.68) 
1.21 (0.53) 
1.14 (0.33) 
1.06 (0.14) 
1.00 (-0.01) 
0.93 (-0.15) 
0.86 (-0.29) 
0.83 (-0.34) 

0.83 (-0.34) 
0.80 (-0.39) 
0.78 (-0.42) 
0.76 (-0.44) 
0.74 (-0.47) 
0.71 (-0.51) 
0.70 (-0.52) 
0.68 (-0.54) 
0.69 (-0.52) 
0.70 (-0.49) 
0.71 (-0.48) 
0.68 (-0.51) 

0.68 (-0.51) 
0.65 (-0.54) 
0.64 (-0.55) 
0.64 (-0.54) 
0.65 (-0.51) 
0.67 (-0.49) 
0.70 (-0.43) 
0.73 (-0.39) 
0.77 (-0.32) 
0.82 (-0.25) 
0.85 (-0.21) 
0.88 (-0.16) 

0.90 (-0.15) 
0.83 (-0.27) 
0.81 (-0.29) 
0.68 (-0.54) 
0.63 (-0.55) 
0.63 (-0.55) 

June of 1965 into 25 groups according to the ranks of the individual firm historical average size (market equity) measures at the end of 
June of 1965 (see equation 3.19 of this dissertation). MCX is the market portfolio which consists of the stocks in the 25 CX portfolios. 
Q is the return horizon ranging from 2 months to 120 months. Variance ratios are those in the column denoted by "v.r." Numbers inside 
parentheses in the column denoted by "t" are variance ratio t values. If the absolute value of a t value is greater than 1.96, the variance 
ratio is significandy different from one at the 5 percent level. AVS, AVM, and AVL are respectively the ... (continued on next page) 
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Table 4.19 (continued) 

Q 

2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

CX19 

v.r. t 
1.04 (0.60) 

1.03 (0.39) 
1.03 (0.31) 
1.02 (0.17) 
1.02 (0.15) 
1.02 (0.16) 
1.02 (0.10) 
1.01 (0.07) 
1.01 (0.04) 
1.00 (0.02) 
1.00 (0.01) 

1.00 (0.02) 
0.96 (-0.14) 
0.95 (-0.18) 
0.90 (-0.32) 
0.87 (-0.39) 
0.84 (-0.43) 
0.81 (-0.51) 
0.75 (-0.63) 
0.69 (-0.75) 
0.62 (-0.90) 
0.56 (-1.00) 
0.51 (-1.09) 

0.51 (-1.06) 
0.52 (-1.00) 
0.55 (-0.93) 
0.58 (-0.83) 
0.61 (-0.76) 
0.61 (-0.75) 
0.59 (-0.77) 
0.57 (-0.79) 
0.54 (-0.83) 
0.52 (-0.84) 
0.51 (-0.85) 
0.48 (-0.89) 

0.45 (-0.92) 
0.44 (-0.93) 
0.41 (-0.96) 
0.39 (-0.97) 
0.40 (-0.96) 
0.41 (-0.93) 
0.43 (-0.89) 
0.44 (-0.85) 
0.47 (-0.80) 
0.49 (-0.76) 
0.49 (-0.75) 
0.50 (-0.73) 

0.64 (-0.78) 
0.59 (-0.82) 
0.55 (-0.82) 
0.50 (-1.09) 
0.39 (-1.09) 
0.39 (-1.09) 

CX20 

v.r. t 
1.06 (1.05) 
1.04 (0.46) 
1.01 (0.13) 
1.00 (0.01) 
0.99 (-0.06) 
0.99 (-0.03) 
0.99 (-0.03) 
0.99 (-0.07) 
0.98 (-0.09) 
0.99 (-0.05) 
0.98 (-0.09) 

0.96 (-0.15) 
0.93 (-0.25) 
0.90 (-0.34) 
0.85 (-0.45) 
0.82 (-0.51) 
0.82 (-0.48) 
0.83 (-0.45) 
0.84 (-0.41) 
0.85 (-0.35) 
0.83 (-0.39) 
0.83 (-0.39) 
0.82 (-0.39) 

0.83 (-0.36) 
0.83 (-0.35) 
0.85 (-0.30) 
0.86 (-0.27) 
0.86 (-0.27) 
0.86 (-0.27) 
0.86 (-0.27) 
0.86 (-0.26) 
0.86 (-0.25) 
0.86 (-0.25) 
0.85 (-0.27) 
0.84 (-0.28) 

0.84 (-0.27) 
0.82 (-0.30) 
0.81 (-0.31) 
0.82 (-0.29) 
0.84 (-0.25) 
0.87 (-0.21) 
0.89 (-0.17) 
0.90 (-0.15) 
0.92 (-0.12) 
0.93 (-0.11) 
0.93 (-0.10) 
0.93 (-0.09) 

0.84 (-0.36) 
0.84 (-0.33) 
0.85 (-0.29) 
0.82 (-0.51) 
0.81 (-0.51) 
0.81 (-0.51) 

CX21 

v.r. t 
1.11 (1.97) 
1.07 (0.79) 
1.05 (0.44) 
1.06 (0.44) 
1.07 (0.45) 
1.08 (0.51) 
1.08 (0.46) 
1.07 (0.39) 
1.10 (0.47) 
1.11 (0.53) 
1.12 (0.55) 

1.16 (0.65) 
1.17 (0.60) 
1.17 (0.56) 
1.12 (0.37) 
1.09 (0.27) 
1.08 (0.22) 
1.05 (0.14) 
1.04 (0.10) 
1.05 (0.12) 
1.03 (0.07) 
1.00 (0.01) 
1.00 (0.00) 

1.00 (0.00) 
0.99 (-0.03) 
0.98 (-0.03) 
0.99 (-0.02) 
0.99 (-0.01) 
0.98 (-0.04) 
0.97 (-0.06) 
0.97 (-0.06) 
0.95 (-0.09) 
0.93 (-0.13) 
0.91 (-0.16) 
0.88 (-0.20) 

0.86 (-0.23) 
0.83 (-0.27) 
0.81 (-0.30) 
0.80 (-0.31) 
0.81 (-0.30) 
0.80 (-0.30) 
0.80 (-0.30) 
0.80 (-0.30) 
0.80 (-0.30) 
0.80 (-0.29) 
0.79 (-0.30) 
0.77 (-0.32) 

1.02 (0.05) 
0.97 (-0.03) 
0.93 (-0.10) 
0.97 (-0.06) 
0.80 (-0.31) 
0.77 (-0.32) 

CX22 

v.r. t 
1.12 (2.27) 
1.15 (1.78) 
1.12 (1.11) 
1.11 (0.81) 
1.10 (0.68) 
1.09 (0.51) 
1.06 (0.31) 
1.03 (0.17) 
1.01 (0.03) 
0.99 (-0.04) 
0.98 (-0.10) 

0.95 (-0.19) 
0.89 (-0.38) 
0.87 (-0.40) 
0.83 (-0.50) 
0.79 (-0.58) 
0.77 (-0.60) 
0.74 (-0.66) 
0.69 (-0.77) 
0.63 (-0.87) 
0.56 (-1.00) 
0.52 (-1.07) 
0.49 (-1.11) 

0.49 (-1.07) 
0.51 (-1.02) 
0.52 (-0.96) 
0.53 (-0.93) 
0.53 (-0.90) 
0.53 (-0.90) 
0.54 (-0.85) 
0.57 (-0.79) 
0.59 (-0.75) 
0.58 (-0.74) 
0.58 (-0.73) 
0.57 (-0.74) 

0.56 (-0.75) 
0.54 (-0.77) 
0.52 (-0.79) 
0.51 (-0.79) 
0.52 (-0.77) 
0.52 (-0.76) 
0.52 (-0.74) 
0.53 (-0.73) 
0.55 (-0.69) 
0.58 (-0.64) 
0.60 (-0.60) 
0.63 (-0.54) 

0.59 (-0.88) 
0.58 (-0.84) 
0.57 (-0.80) 
0.49 (-1.11) 
0.49 (-1.11) 
0.49 (-1.11) 

CX23 

v.r. t 
1.06 (0.76) 
1.05 (0.47) 
1.06 (0.47) 
1.07 (0.42) 
1.10 (0.54) 
1.14 (0.70) 
1.17 (0.81) 
1.18 (0.81) 
1.23 (0.95) 
1.25 (1.00) 
1.28 (1.05) 

1.35 (1.18) 
1.42 (1.28) 
1.47 (1.34) 
1.51 (1.33) 
1.56 (1.38) 
1.61 (1.44) 
1.63 (1.41) 
1.63 (1.35) 
1.60 (1.25) 
1.55 (1.10) 
1.49 (0.%) 
1.45 (0.85) 

1.43 (0.79) 
1.43 (0.76) 
1.41 (0.72) 
1.38 (0.66) 
1.36 (0.60) 
1.32 (0.53) 
1.28 (0.46) 
1.24 (0.37) 
1.19 (0.29) 
1.14 (0.21) 
1.08 (0.12) 
1.01 (0.01) 

0.94 (-0.08) 
0.88 (-0.17) 
0.82 (-0.26) 
0.77 (-0.32) 
0.74 (-0.36) 
0.72 (-0.38) 
0.69 (-0.41) 
0.65 (-0.46) 
0.62 (-0.50) 
0.60 (-0.52) 
0.58 (-0.54) 
0.57 (-0.55) 

1.47 (0.93) 
1.31 (0.62) 
1.15 (0.35) 
1.24 (0.37) 
0.77 (-0.32) 
0.57 (-0.55) 

CX24 

v.r. t 
1.04 (0.70) 
1.00 (0.05) 
1.00 (-0.01) 
0.98 (-0.14) 
1.01 (0.06) 
1.04 (0.24) 
1.08 (0.46) 
1.10 (0.54) 
1.13 (0.64) 
1.15 (0.71) 
1.17 (0.76) 

1.17 (0.69) 
1.16 (0.58) 
1.15 (0.49) 
1.08 (0.24) 
1.06 (0.17) 
1.07 (0.20) 
1.08 (0.23) 
1.11 (0.28) 
1.13 (0.33) 
1.12 (0.28) 
1.09 (0.20) 
1.05 (0.10) 

1.02 (0.04) 
1.01 (0.02) 
0.99 (-0.02) 
0.% (-0.08) 
0.92 (-0.15) 
0.88 (-0.22) 
0.84 (-0.30) 
0.80 (-0.37) 
0.74 (-0.47) 
0.69 (-0.55) 
0.65 (-0.62) 
0.61 (-0.67) 

0.57 (-0.73) 
0.54 (-0.77) 
0.51 (-0.81) 
0.49 (-0.83) 
0.49 (-0.82) 
0.49 (-0.80) 
0.50 (-0.78) 
0.51 (-0.75) 
0.51 (-0.74) 
0.51 (-0.73) 
0.50 (-0.74) 
0.50 (-0.73) 

1.01 (0.06) 
0.88 (-0.18) 
0.79 (-0.33) 
0.80 (-0.37) 
0.49 (-0.83) 
0.48 (-0.83) 

CX25 

v.r. t 
0.93 (-0.89) 
0.91 (-0.74) 
0.93 (-0.47) 
0.92 (-0.52) 
0.94 (-0.31) 
0.97 (-0.13) 
0.99 (-0.03) 
0.99 (-0.04) 
1.01 (0.02) 
1.00 (0.01) 
1.01 (0.03) 

1.02 (0.08) 
1.01 (0.02) 
0.99 (-0.03) 
0.95 (-0.14) 
0.91 (-0.22) 
0.89 (-0.28) 
0.86 (-0.34) 
0.81 (-0.44) 
0.76 (-0.54) 
0.70 (-0.63) 
0.67 (-0.68) 
0.64 (-0.72) 

0.64 (-0.71) 
0.65 (-0.66) 
0.65 (-0.64) 
0.65 (-0.64) 
0.64 (-0.64) 
0.60 (-0.69) 
0.56 (-0.75) 
0.51 (-0.80) 
0.47 (-0.87) 
0.42 (-0.93) 
0.37 (-0.99) 
0.32 (-1.05) 

0.28 (-1.10) 
0.25 (-1.11) 
0.25 (-1.11) 
0.25 (-1.09) 
0.26 (-1.05) 
0.28 (-1.02) 
0.28 (-1.00) 
0.28 (-0.99) 
0.28 (-0.98) 
0.26 (-0.99) 
0.25 (-0.99) 
0.26 (-0.97) 

0.70 (-0.57) 
0.58 (-0.72) 
0.50 (-0.79) 
0.51 (-0.80) 
0.25 (-1.12) 
0.25 (-1.12) 

MCX 

v.r. t 
1.02 (0.25) 
1.00 (-0.01) 
1.01 (0.04) 
0.98 (-0.14) 
0.99 (-0.05) 
1.01 (0.07) 
1.03 (0.13) 
1.02 (0.07) 
1.02 (0.09) 
1.02 (0.09) 
1.03 (0.11) 

1.04 (0.15) 
1.04 (0.14) 
1.04 (0.11) 
0.99 (-0.03) 
0.96 (-0.10) 
0.96 (-0.11) 
0.93 (-0.17) 
0.89 (-0.26) 
0.85 (-0.34) 
0.80 (-0.44) 
0.74 (-0.54) 
0.70 (-0.61) 

0.69 (-0.61) 
0.69 (-0.59) 
0.68 (-0.60) 
0.67 (-0.61) 
0.65 (-0.63) 
0.61 (-0.69) 
0.56 (-0.76) 
0.51 (-0.83) 
0.45 (-0.91) 
0.40 (-0.98) 
0.36 (-1.04) 
0.30 (-1.10) 

0.26 (-1.16) 
0.22 (-1.19) 
0.19 (-1.22) 
0.18 (-1.22) 
0.19 (-1.19) 
0.20 (-1.15) 
0.22 (-1.12) 
0.22 (-1.09) 
0.24 (-1.06) 
0.25 (-1.03) 
0.25 (-1.01) 
0.27 (-0.98) 

0.75 (-0.48) 
0.60 (-0.68) 
0.51 (-0.78) 
0.51 (-0.83) 
0.18 (-1.22) 
0.18 (-1.22) 

arithmetic means of the relevant measures (either variance ratios or t values) for the horizons between 25 months and 72 months, 
between 25 months and 96 months, and between 25 months and 120 months. MNS, MNM, and MNL are respectively the minima of the 
relevant measures (either variance ratios or t values) for the horizons between 25 months and 72 months, between 25 months and % 
months, and between 25 months and 120 months. The variance of monthly observations is the base variance for calculating variance ratios 
(see equation 4.2 of this dissertation). Variance ratio t values are based on equation (B. 19) of this dissertation, which is developed by Lo 
and MacKinlay (1988) under the assumption that random variables of interest are serially uncorrelated and heteroscedasticaUy distributed. 
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Table 4.20 
Variance Ratios and Their t Values for Value-weighted Excess Returns 

of Annually Adjusted Size Portfolios of NYSE and AMEX 
Stocks from June 1971 to December 1996 

Q 

2 
3 
4 
5 
6 

ASD1 

v.r. t 
1.19 (2.47) 
1.23 (2.08) 
1.21 (1.55) 
1.19 (1.24) 
1.16 (0.95) 

ASD2 

v.r. t 
1.20 (165) 
1.25 (120) 
1.24 (1.76) 
1.21 (1.35) 
1.16 (0.%) 

ASD3 

v.r. t 
1.15 (1.87) 
1.18 (1.54) 
1.16 (1.13) 
1.12 (0.78) 
1.08 (0.46) 

ASD4 

v.r. t 
1.16 (2.12) 
1.20 (1.78) 
1.20 (1.47) 
1.18 (1.18) 
1.15 (0.89) 

ASD5 

v.r. t 
1.20 (175) 
1.25 (133) 
1.26 (102) 
1.26 (1.75) 
1.24 (1.41) 

ASD6 

v.r. t 
1.20 (195) 
1.24 (130) 
1.24 (1.84) 
1.23 (1.52) 
1.20 (1.23) 

ASD7 

v.r. t 
1.16 (144) 
1.19 (1.95) 
1.20 (1.67) 
1.21 (1.46) 
1.20 (1.23) 

ASD8 

v.r. t 
1.14 (2.31) 
1.17 (1.78) 
1.16 (1.37) 
1.15 (1.04) 
1.13 (0.80) 

ASD9 

v.r. t 
1.14 (2.28) 
1.17 (1.78) 
1.18 (1.47) 
1.16 (1.17) 
1.16 (0.99) 

ASD10 ASD11 ASD12 ASD13 ASD14 ASD15 ASD16 ASD17 ASD18 

2 
3 
4 
5 
6 

v.r. t 
1.16 (163) 
1.17 (1.88) 
1.18 (1.53) 
1.17 (1.20) 
1.15 (0.94) 

v.r. t 
1.13 (1.98) 
1.15 (1.49) 
1.16 (1.30) 
1.15 (1.08) 
1.15 (0.95) 

v.r. t 
1.12 (1.85) 
1.14 (1.49) 
1.15 (1.25) 
1.14 (1.01) 
1.14 (0.91) 

v.r. t 
1.11 (1.82) 
1.10 (1.13) 
1.09 (0.79) 
1.07 (0.54) 
1.06 (0.42) 

v.r. t 
1.14 (123) 
1.13 (1.43) 
1.13 (1.08) 
1.11 (0.84) 
1.11 (0.69) 

v.r. t 
1.14 (137) 
1.14 (1.59) 
1.14 (1.25) 
1.13 (0.92) 
1.11 (0.73) 

v.r. t 
1.13 (132) 
1.14 (1.67) 
1.15 (1.39) 
1.14 (1.07) 
1.14 (0.94) 

v.r. t 
1.11 (1.90) 
1.11 (1.23) 
1.11 (1.01) 
1.10 (0.79) 
1.11 (0.76) 

v.r. t 
1.13 (2.27) 
1.13 (1.53) 
1.13 (1.18) 
1.11 (0.81) 
1.09 (0.60) 

ASD19 ASD20 ASD21 ASD22 ASD23 ASD24 ASD25 MASD 

2 
3 
4 
5 
6 

v.r. t 
1.10 (1.88) 
1.08 (0.96) 
1.07 (0.69) 
1.05 (0.40) 
1.06 (0.39) 

v.r. t 
1.09 (1.52) 
1.08 (0.91) 
1.09 (0.79) 
1.08 (0.57) 
1.08 (0.53) 

v.r. t 
1.08 (1.34) 
1.07 (0.78) 
1.07 (0.57) 
1.05 (0.35) 
1.06 (0.39) 

v.r. t 
1.05 (0.85) 
1.03 (0.32) 
1.02 (0.21) 
0.98 (-0.13) 
0.98 (-0.11) 

v.r. t 
1.05 (0.88) 
1.04 (0.42) 
1.03 (0.27) 
1.01 (0.10) 
1.03 (0.19) 

v.r. t 
1.03 (0.55) 
1.03 (0.30) 
1.03 (0.26) 
1.01 (0.10) 
1.02 (0.13) 

v.r. t 
0.97 (-0.33) 
0.95 (-0.42) 
0.96 (-0.31) 
0.96 (-0.26) 
1.00 (0.00) 

v.r. t 
1.03 (0.40) 
1.01 (0.10) 
1.01 (0.11) 
1.00 (0.02) 
1.03 (0.17) 

Monthly excess return is the difference between monthly nominal return and t-bill rate for the month. ASDi is the tth annually adjusted 
size ranked portfolio. The annually adjusted size portfolios are formed by evenly dividing the NYSE/AMEX stocks into 25 groups 
according to the size (market equity) ranks of these individual stocks at the end of June of each year for the period from June 1965 to 
December 1996. A 71-month lad adjustment s made to the original sample period. MASD is the market portfolio consisting of the stocks 
in the 25 portfolios. Q is the return horizon ranging from 2 months to 6 months. Variance ratios are those in the column denoted by 
"v.r." Numbers inside parentheses in the column denoted by "t" are variance ratio t values. If the absolute value of a t value is greater 
than 1.96, the variance ratio is significantly different from one at the 5 percent level. The variance of monthly observations is the base 
variance for calculating variance ratios (see equation 4.2 of this dissertation). Variance ratio t values are based on equation (B.19) of 
this dissertation, which is developed by Lo and MacKinlay (1988) under the assumption that random variables of interest are serially 
uncorrelated and heteroscedasticaUy distributed. 
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Table 4.21 
Variance Ratios and Their t Values for Value-weighted Excess Returns 

of Annually Adjusted Size Portfolios of Only the NYSE 
Stocks from June 1971 to December 1996 

Q 

2 
3 
4 
5 
6 

ASN1 

v.r. t 
1.16 (2.60) 
1.18 (1.93) 
1.15 (1.26) 
1.11 (0.85) 
1.07 (0.50) 

A S N 2 

v.r. t 
1.17 (2.74) 
1.23 (2.43) 
1.22 (1.90) 
1.20 (1.46) 
1.18 (1.16) 

ASN3 

v.r. t 
1.12 (2.10) 
1.15 (1.61) 
1.13 (1.13) 
1.12 (0.87) 
1.10 (0.66) 

ASN4 

v.r. t 
1.13 (1.90) 
1.16 (1.68) 
1.15 (1.25) 
1.15 (1.09) 
1.16 (1.00) 

ASN5 

v.r. t 
1.13 (1.96) 
1.17 (1.71) 
1.17 (1.41) 
1.16 (1.18) 
1.17 (1.06) 

ASN6 

v.r. t 
1.14 (144) 
1.16 (1.82) 
1.13 (1.21) 
1.11 (0.86) 
1.12 (0.80) 

ASN7 

v.r. t 
1.13 (115) 
1.16 (1.74) 
1.15 (1.32) 
1.17 (1.23) 
1.19 (1.23) 

ASN8 

v.r. t 
1.14 (2.35) 
1.15 (1.75) 
1.13 (1.18) 
1.12 (0.97) 
1.13 (0.92) 

ASN9 

v.r. t 
1.14 (2.49) 
1.16 (1.85) 
1.15 (1.37) 
1.13 (1.02) 
1.12 (0.83) 

ASN10 ASN11 ASN12 ASN 13 ASN14 ASN15 ASN 16 ASN 17 ASN 18 

2 
3 
4 
5 
6 

v.r. t 
1.16 (1%) 
1.20 (132) 
1.20 (1.86) 
1.20 (1.59) 
1.21 (1.47) 

v.r. t 
1.16 (2.76) 
1.18 (2.12) 
1.17 (1.62) 
1.16 (1.26) 
1.16 (1.15) 

v.r. t 
1.11 (2.04) 
1.13 (1.55) 
1.12 (1.12) 
1.10 (0.82) 
1.12 (0.85) 

v.r. t 
1.13 (2.39) 
1.14 (1.70) 
1.13 (1.27) 
1.12 (0.99) 
1.12 (0.86) 

v.r. t 
1.13 (2.46) 
1.15 (1.83) 
1.13 (1.27) 
1.12 (0.95) 
1.12 (0.90) 

v.r. t 
1.14 (2.34) 
1.17 (1.91) 
1.16 (1.44) 
1.14 (1.10) 
1.15 (1.02) 

v.r. t 
1.10 (1.89) 
1.11 (1.35) 
1.10 (0.93) 
1.08 (0.66) 
1.09 (0.65) 

v.r. t 
1.07 (1.20) 
1.07 (0.84) 
1.07 (0.67) 
1.07 (0.57) 
1.10 (0.67) 

v.r. t 
1.09 (1.63) 
1.11 (1.24) 
1.11 (0.99) 
1.11 (0.80) 
1.13 (0.87) 

ASN19 ASN20 ASN21 ASN22 ASN23 ASN24 ASN25 MASN 

2 
3 
4 
5 
6 

v.r. t 
1.08 (1.40) 
1.09 (1.02) 
1.07 (0.67) 
1.05 (0.41) 
1.06 (0.43) 

v.r. t 
1.05 (0.96) 
1.05 (0.64) 
1.03 (0.28) 
1.00 (-0.02) 
1.01 (0.10) 

v.r. t 
1.08 (1.31) 
1.07 (0.76) 
1.05 (0.45) 
1.03 (0.24) 
1.05 (0.32) 

v.r. t 
1.06 (0.95) 
1.05 (0.56) 
1.04 (0.36) 
1.04 (0.28) 
1.06 (0.41) 

v.r. t 
1.05 (0.77) 
1.05 (0.57) 
1.04 (0.35) 
1.03 (0.18) 
1.04 (0.24) 

v.r. t 
1.00 (-0.05) 
1.00 (-0.05) 
0.99 (-0.12) 
0.98 (-0.13) 
1.02 (0.10) 

v.r. t 
0.98 (-0.32) 
0.97 (-0.29) 
0.97 (-0.22) 
0.98 (-0.11) 
1.03 (0.18) 

v.r. t 
1.03 (0.43) 
1.03 (0.28) 
1.02 (0.20) 
1.02 (0.16) 
1.06 (0.36) 

Monthly excess return is the difference between monthly nominal return and t-bill rate for the month. ASM' is the ith annually adjusted 
size ranked portfolio. The annually adjusted size portfolios are formed by evenly dividing die NYSE stocks into 25 groups according to 
die size (market equity) ranks of these individual stocks at the end of June of each year for die period from June 1965 to December 1996. 
A 71 -month lag adjustment is made to the original sample period. MASN is the market portfolio consisting of me stocks in the 25 
portfolios. Q is the return horizon ranging from 2 montiis to 6 mondis. Variance ratios are those in die column denoted by "v.r." 
Numbers inside parentheses in the column denoted by "t" are variance ratio t values. If the absolute value of a t value is greater than 
1.96, the variance ratio is significantly different from one at the 5 percent level. The variance of monthly observations is the base variance 
for calculating variance ratios (see equation 4.2 of mis dissertation). Variance ratio t values are based on equation (B.19) of this 
dissertation, which is developed by Lo and MacKinlay (1988) under the assumption mat random variables of interest are serially 
uncorrelated and heteroscedasticaUy distributed. 
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smaller-than-one variance-ratios at long horizons between 25 months to 96 months for 

excess returns of the crawl forward size portfolios tend to be smaller than those for excess 

returns of the annually adjusted size portfolios. Furthermore, in terms of t values, the 

smaUer-than-one variance ratios for crawl forward size portfoUos are more significantly 

different from one than those for the annuaUy adjusted size portfoUos. The difference in 

the variance ratio test results between these two types of portfolios may be due to the 

difference in the ways in which these portfolios are constructed. It is conceivable that 

annuaUy adjusted size portfolios tend to underestimate the importance of the stationary 

component in stock prices. Two possible explanations for this assertion are as follows: 

First, the annual adjustment portfolio formation process tends to interrupt the continuity 

of any idiosyncrasy of individual stocks, since stocks are forced to switch between 

portfolios. Second, factors, if any exist, inducing stationary price components may not 

have an even impact on each individual stock at any given point in time. This is supported 

by the result in this dissertation that the importance of statistical impUcations of stationary 

price components differs across different portfolios. Furthermore, the annual adjustment 

portfolio formation process can affect long-term autocorrelation more than short-term 

autocorrelation. This is supported by the results in this dissertation that some annually 

adjusted size portfolios, particularly the portfolios with low size ranks, still have variance 

ratios significantly greater than one at short horizons (in fact, only at short horizons), that 

compared with annuaUy adjusted size portfolios, crawl forward size portfolios are more 

likely to have significant autocorrelation in long-horizon excess returns, and that variance 

ratio t values at long horizons for annually adjusted size portfoUos are smaller (in 

absolute values) than those for crawl forward size portfolios. 

However, this portfoUo switch story cannot explain why annually adjusted size 

portfolios (particularly those with low size ranks) are more likely to have significantly 

positive autocorrelation than crawl forward size portfolios. Even though the content of a 

crawl forward size portfolio can change over time due possibly to delisting of stocks, this 

should not affect short-term autocorrelation in a significant manner. In particular, this 

effect, even if it exists, should be smaUer than that induced by the annual adjustment size 
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portfolio formation process. This observation implies that the "securities" created by the 

annual adjustment formation process seem to assume some properties that cannot be 

found in individual stocks.131 The observation adds more mysterious elements into the 

long known small firm puzzle that there is a monotonicaUy inverse relationship between an 

annuaUy adjusted size portfolio's average return and the portfoUo's size rank. 

In summary, in contrast to the crawl forward size portfolio formation approach, 

the annual adjustment size portfolio formation approach is more likely to induce 

significantly positive serial correlation in excess returns, particularly for the portfolios with 

low size ranks. This effect is especially obvious for the AMEX stocks relative to the 

NYSE stocks. With regard to the statistical implication of stationary price components, 

across the 25 size-rank portfolios, portfolios of NYSE stocks have stronger statistical 

implications of stationary price components than portfoUos of AMEX stocks regardless of 

the portfolio formation approach. Furthermore, NYSE stocks appear to have stronger 

statistical implications of stationary price components in more recent periods. It is not 

clear why for the 25 NYSE/AMEX annually adjusted size portfoUos, there is a Unear 

association between the importance of stationary price components and the size rank, 

whereas this is not the case for the crawl forward size portfolios. However, the result in 

this research shows that at least the Unear relationship is not caused by the difference in 

the ways in which these two types of portfolios are constructed. On the other hand, the 

empirical results also indicate that crawl forward size portfolios have stronger statistical 

implications of stationary price components than annually adjusted size portfolios. One 

possible explanation is that since under the annual adjustment size portfolio formation 

approach, stocks are forced to switch between portfolios, this will interrupt the 

131 One possible explanation proposed by Dr. Peterson, one of my dissertation 
committee members, is that at some times, people may prefer to buy smaU stocks with 
high potential growth. These periods may last several years, so there will be positive 
autocorrelation in smaU firm stock returns in the short run. However, the composition of 
smaU firms changes over time as some firms grow to be larger firms. As a result, if these 
now larger firms experience slowing growth, they may no longer exhibit positive, short 
run autocorrelation beyond some point. In addition, they wUl no longer be included in the 
smaU firm sample when this happens. 
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continuation of individual stock price behavior. In addition, this portfoUo switch 

phenomenon has a bigger impact on the autocorrelation in long-horizon returns than on 

the autocorrelation in short-horizon returns. This is supported by the empirical 

observation that significantly positive autocorrelation for annually adjusted size portfoUos 

happens only at short horizons, whUe significantly positive autocorrelation for crawl 

forward size portfolios occurs at both short and long horizons. However, this portfolio 

switch story cannot explain why annually adjusted size portfoUos (particularly, those with 

low size ranks) are more likely to have significantly positive autocorrelation in excess 

returns than crawl forward size portfolios. This seems to imply that the annual adjustment 

portfoUo formation approach can create securities with new properties that are not found 

in other portfolios (or individual securities). From the preceding discussion, the weak 

statistical impUcation of stationary price components, particularly for the annually adjusted 

size portfoUos, may be due primarily to the inefficient implementation of the test; hence, it 

should not be taken as strong evidence against the existence of stationary price 

components. In fact, one better approach to examining for stationary price components is 

to form portfoUos according to factors that cause the stationary component in stock 

prices; however, these factors, if any exist, are stiU to be identified. 

4.2.2 Variance Ratio Test Results for Annually Adjusted 
Book-to-market/Size Portfolios 

This section presents variance ratio test results for excess returns, expected excess 

returns, and residual returns of the 25 annuaUy adjusted book-to-market/size portfoUos, 

formed according to book-to-market ratio ranks and to size (market equity) ranks of aU 

the individual NYSE/AMEX/NASDAQ stocks at the end of June of each year, and 

denoted by BiSj, i, j = 1,...,5, for the period from June 1969 to December 1996.132 In 

particular, expected excess returns and residual returns are generated by the three-factor 

132 The original sample starts from July 1963. However, monthly returns are 
annualized and a 5-year moving window is employed to estimate betas. Since this 
procedure consumes the first 71 monthly observations of the original sample, the final 
sample period is from June 1969 to December 1996. 
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model proposed by Fama and French (1993,1995, 1996a). The Fama-French three-factor 

model is presented in equation (3.14) of this dissertation. 

Table 4.22 reports variance ratio test results for excess returns of the 25 annuaUy 

adjusted book-to-market/size portfolios. As shown in Table 4.22, sixteen of the 25 

portfolios have some variance ratios significantly different from one at the 5 percent level; 

in particular, all the BiSl, BiS2, and BiS3 portfoUos have significantly autocorrelated 

excess returns at the 5 percent significance level. Note that aU the significant variance 

ratios are greater than one and happen only at short horizons (within 9 months). This 

indicates that annuaUy adjusted book-to-market/size portfoUos with low size dimension 

ranks tend to have significantly positively autocorrelated excess returns. This observation 

is consistent with the result in Tables 4.7, 4.16, 4.17,4.20, and 4.21 that smaU annually 

adjusted size portfoUos tend to have significantly positively autocorrelated excess returns, 

while big annuaUy adjusted size portfolios tend to have serially uncorrelated excess 

returns. However, the book-to-market dimension rank seems to bear no relationship with 

significant autocorrelation in portfolio excess returns. Variance ratios for 23 of the 25 

annuaUy adjusted book-to-market/size portfoUos rum smaUer than one at long horizons, 

particularly between 25 months and 96 months, although none of the smaUer-than-one 

variance ratios is significantly different from one at the 5 percent level. However, six of 

the 25 annuaUy adjusted book-to-market/size portfolios have smaller-than-one variance 

ratios significant around or within the 20 percent level. In particular, portfoUo B4S5 has 

variance ratios significantly smaller than one at the 10 percent level. Moreover, variance 

ratios for excess returns of most of the portfolios with smaUer-than-one variance ratios 

exhibit a U-shaped curve within the 10-year horizon. Just as with the result in Table 4.7, 

the result in Table 4.22 reveals that the importance of stationary price components seems 

to increase with the size dimension rank of an annuaUy adjusted book-to-market/size 

portfoUo. On the other hand, the book-to-market dimension rank exhibits no Unkage with 

the importance of stationary price components. In addition, just as with previous results, 

the importance of stationary components is different across the 25 annuaUy adjusted book-

to-market/size portfolios and the market consisting of the stocks in the 25 portfoUos does 
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not have stronger statistical implications of stationary price components than the 25 

portfolios. Since there is no variance ratio for the 25 annually adjusted book-to-

market/size portfolios that is significantly smaller than one at the 5 percent level, under the 

standard statistical test procedure, there is no evidence indicating the existence of 

stationary components in stock prices. However, for reasons previously mentioned, the 

statistical impUcation of stationary price components in Table 4.22 may be understated. In 

this sense, the variance ratio test results in Table 4.22 might in fact lend stronger support 

to the existence of stationary price components, at least for some stocks, than what they 

first appear to indicate. 

Table 4.23 reports the results for the test regarding whether the three-factor model 

has a predictive power on the next period expected returns under the cross sectional 

regression approach. At the end of month t, the factor loadings for market risk premium, 

size risk premium, and book-to-market risk premium, (bit ,si>t, hit), in the cross sectional 

regression for each annuaUy adjusted book-to-market/size portfoUo i are estimated 

through equation (3.23) of this dissertation. Then, the cross sectional regression (i.e., 

equation 3.24 of this dissertation) is run. As shown in Panel I of Table 4.23, the intercept 

term is significantly different from zero. This is not expected when the three-factor model 

is an accurate pricing model. The coefficient of size risk factor loading does not show up 

significantly different from zero. On the other hand, the coefficients of market risk factor 

loading and book-to-market risk factor loading are significantly different from zero. 

However, the coefficient estimate for market risk factor loading is negative. To further 

investigate why the coefficients for market risk factor loading is significantly negatively 

different from zero and the coefficient estimate for size risk factor loading is not 

significantly different from zero, I ran another six cross sectional regressions. The 

results are presented in Panel II of Table 4.23. It can be seen that except for the case 

where market risk factor and book-to-market risk factor are in the same regression, the 

1331 also run the time series regression that is used in Fama and French (1993, 
1995,1996a). The results I get are very similar to those in Fama and French (1993, Table 
6, pp. 24 & 25). The results are not reported but available on requests. 
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coefficient estimate for market risk factor loading is always significantly negatively 

different from zero and the coefficient estimate for size risk factor loading never shows up 

significantly different from zero no matter whether or not there is another factor in the 

regression. Since as previously alluded, the results for tests regarding the predictive 

power of risk factor loadings on returns can be quite sensitive to the choice of portfolio 

formation, the results in Table 4.23 may be due primarily to a bad choice of portfolio 

formation so that the test is not carried out in a correct manner. Nevertheless, since 

coefficient estimates for the market risk factor loading and the book-to-market risk factor 

loading are significant, at least these two factor loadings have a predictive power on stock 

returns. Therefore, the predicted value from the cross sectional regression, 

(/or + 7i,At + 72,tsu + ft.Ar)»*s taken as portfolio i's expected excess return for month 

t +1 and the residual value from the regression, ei>t+x, is taken as portfolio i' s residual 

return for month t +1. 

Table 4.24 reports variance ratio test results for expected excess returns of the 25 

annuaUy adjusted book-to-market/size portfoUos of aU the NYSE/AMEX/NASDAQ 

stocks. Just as with the significant variance ratios for excess returns, aU the significant 

variance ratios for expected excess returns are greater than one and happen only at short 

horizons. Furthermore, Tables 4.22 and 4.24 show that with the exception of portfoUo 

5254, when an excess return series is significantly positively autocorrelated, its 

corresponding expected excess return series is also significantly positively autocorrelated. 

Furthermore, portfoUos B3S4 does not have significantly positively autocorrelated excess 

returns, but its expected excess returns are significantly autocorrelated. All the annually 

adjusted book-to-market/size portfolios have smaUer-than-one variance ratios at long 

horizons in their expected excess returns. Furthermore, variance ratios for most of the 

portfoUos exhibit a U-shaped curve with the minimum values occurring at long horizons 

within the 10-year horizon. In general, although expected excess returns of the 25 

annually adjusted book-to-market/size portfolios appear to have stronger statistical 

implications of stationary price components (in terms of variance ratios and their t values) 

than their corresponding excess returns, the difference is quite slight. The sign test 
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statistic based on the minimum variance ratio t value for the horizons between 25 months 

and 96 months is 13, whUe the one (five) percent critical value for a sample size of 25 is 

19 (18). Therefore, the test fails to reject the hypothesis that there is no difference in 

statistical implications of stationary price components between excess returns of the 25 

annuaUy adjusted book-to-market/size portfolios and their corresponding expected excess 

returns. Sign test statistics based on the other 11 measures of statistical implications of 

stationary price components range from 12 to 15. They consistently lend more support to 

the assertion that excess returns have a similar mean reverting structure to their 

corresponding expected excess returns. 

Table 4.25 reports variance ratio test results for residual returns, generated by the 

three-factor model, of the 25 annually adjusted book-to-market/size portfoUos. The 

results indicate that near half of the 25 residual return series (11 out of the 25) are 

significantly autocorrelated.134 In particular, all these significant variance ratios are greater 

than one and happen at both short and long horizons. Table 4.25 also shows that 8 of the 

25 residual return series do not have smaUer-than-one variance ratios at long horizons. 

The sign test statistic based on the minimum variance ratio t value for the horizons 

between 25 months and 96 months is 15, whUe the one (five) percent critical value with a 

sample size of 25 is 19 (18). Therefore, the null hypothesis that there is no change 

(particularly, decrease) in statistical impUcations of stationary price components between 

excess returns and residual returns cannot be rejected. Since sign test statistics based on 

the other 11 measures for the statistical implication of stationary price components range 

from 13 to 16, they consistently cannot reject the hypothesis that compared with that in 

excess returns, there is no significant decrease in the statistical impUcation of stationary 

price components in residual returns. This result says that under the cross sectional 

regression approach, the three-factor model is unable to fully explain the mean reverting 

tendency in stock returns. 

134 The results do not support the hypothesis that the three-factor model is 
consistent with market efficiency, for almost half of the 25 residual return series are 
significantly autocorrelted. 
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In summary, consistent with the previous result that small annually adjusted size 

portfolios tend to have significantly positively autocorrelated excess returns, annually 

adjusted book-to-market/size portfoUos with low size dimension ranks exhibit significantly 

positive autocorrelation in their excess returns. However, the book-to-market dimension 

rank bears no Unkage with significantly positively autocorrelated excess returns. A 

majority of the 25 annuaUy adjusted book-to-market /size portfolios have smaller-than-one 

variance ratios at long horizons, although they are not significantly different from one at 

the 5 percent level. However, six of the 25 annually adjusted book-to-market/size 

portfolios have variance ratios smaller than one around or within the 20 percent 

significance level. In particular, the most significant one is at the 10 percent level. 

Therefore, given the previous considerations regarding tests for the existence of stationary 

price components, the results here seem to indicate that there is a tendency for excess 

returns of an annually adjusted book-to-market/size portfolio to revert to their mean. 

Furthermore, the importance of stationary price components appears to differ across the 

25 annuaUy adjusted book-to-market/size portfoUos and the market portfoUo does not 

appear to have the strongest statistical implication of stationary price components. On the 

other hand, expected excess returns generated by the three-factor model have a simUar mean 

reverting structure to their corresponding excess returns; however, there appears to be no 

significant change (particularly, decrease) in the mean reverting structure between residual 

returns and their corresponding excess returns. Therefore, in general, these results 

indicate that the mean reversion phenomenon in stock returns cannot be fully accounted 

for by the variation of time varying expected returns generated by the Fama-French three-

factor model under the cross sectional regression approach. 
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Table 4.22 
Variance Ratios and Their t Values for Value-weighted Excess Returns of 

Annually Adjusted Book-to-market /Size Portfolios of NYSE, AMEX, 
and NASDAQ Stocks from June 1969 to December 1996 

~ Q B1S1 B2S1 B3S1 B4S1 B5S1 B1S2 B2S2 B3S2 B4S2 

v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t 
2 1.24 (4.28) 1.20 (3.54) 1.23 (3.81) 1.22 (3.46) 1.20 (3.15) 1.15 (2.59) 1.18 (3.16) 1.18 (3.28) 1.16 (2.66) 
3 1.33 (3.92) 1.25 (2.84) 1.30 (3.33) 1.27 (2.93) 1.24 (2.55) 1.18 (2.11) 1.20 (2.36) 1.19 (2.23) 1.18 (2.00) 
4 1.38 (3.55) 1.25 (2.33) 1.33 (3.00) 1.28 (2.46) 1.25 (2.11) 1.20 (1.83) 1.21 (1.99) 1.17 (1.64) 1.17 (1.56) 
5 1.40 (3.16) 1.24 (1.91) 1.34 (2.68) 1.27 (2.09) 1.23 (1.68) 1.20 (1.55) 1.20 (1.63) 1.15 (1.21) 1.16 (1.31) 
6 1.42 (2.90) 1.24 (1.66) 1.36 (2.50) 1.28 (1.92) 1.22 (1.41) 1.19 (1.32) 1.20 (1.42) 1.15 (1.04) 1.19 (1.34) 
7 1.42 (2.67) 1.24 (1.48) 1.38 (2.36) 1.28 (1.75) 1.19 (1.13) 1.19 (1.17) 1.20 (1.26) 1.14 (0.89) 1.20 (1.28) 
8 1.42 (2.42) 1.22 (1.24) 1.37 (2.14) 1.26 (1.49) 1.14 (0.79) 1.18 (1.01) 1.18 (1.08) 1.12 (0.68) 1.19 (1.12) 
9 1.40 (114) 1.18 (0.%) 1.34 (1.82) 1.23 (1.21) 1.08 (0.44) 1.15 (0.78) 1.15 (0.81) 1.07 (0.40) 1.15 (0.84) 
10 1.38 (1.94) 1.15 (0.77) 1.31 (1.58) 1.20 (1.00) 1.04 (0.19) 1.13 (0.65) 1.12 (0.61) 1.04 (0.18) 1.12 (0.64) 
11 1.38 (1.82) 1.14 (0.67) 1.30 (1.44) 1.19 (0.89) 1.02 (0.09) 1.13 (0.60) 1.11 (0.52) 1.01 (0.07) 1.11 (0.56) 
12 1.38 (1.71) 1.13 (0.58) 1.29 (1.32) 1.18 (0.82) 1.01 (0.04) 1.12 (0.55) 1.10 (0.45) 1.00 (0.01) 1.11 (0.50) 

15 1.34(1.37) 1.09(0.35) 1.26(1.03) 1.17(0.69) 1.04(0.17) 1.05(0.20) 1.06(0.24) 0.94 (-0.24) 1.09(0.36) 
18 1.29(1.05) 1.05(0.19) 1.22(0.82) 1.14(0.52) 1.05(0.16) 0.99 (-0.05) 1.04(0.16) 0.90 (-0.36) 1.06(0.21) 
21 124(0.81) 1.02(0.05) 1.18(0.61) 1.09(0.30) 1.02(0.06) 0.94 (-0.22) 1.03(0.09) 0.87 (-0.45) 1.01(0.04) 
24 120(0.62) 0.98 (-0.07) 1.15(0.46) 1.04(0.12) 0.98 (-0.06) 0.87 (-0.42) 0.98 (-0.05) 0.82 (-0.57) 0.97(0.09) 
27 116(0.48) 0.96 (-0.13) 1.14(0.41) 1.02(0.06) 0.99 (-0.01) 0.81 (-0.59) 0.95 (-0.14) 0.80 (-0.59) 0.96 (-0.13) 
30 114(040) 0.95 (-0.14) 1.15(0.41) 1.01(0.04) 1.02(0.05) 0.77 (-0.66) 0.94 (-0.16) 0.81(0.55) 0.96(0.11) 
33 114(0 36) 0.95 (-0.13) 1.16(0.42) 1.00(0.00) 1.03(0.07) 0.75 (-0.70) 0.93 (-0.20) 0.80 (-0.55) 0.97(0.09) 
36 114(0.37) 0.96 (-0.10) 1.18(0.45) 0.99 (-0.03) 1.02(0.06) 0.72 (-0.73) 0.92 (-0.22) 0.79 (-0.54) 0.96(0.09) 
39 119(048) 1.01(0.04) 1.23(0.57) 1.01(0.02) 1.06(0.14) 0.72 (-0.70) 0.94 (-0.15) 0.81 (-0.47) 0.97(0.07) 
42 123(0 56) 1.06(0.13) 1.27(0.64) 1.02(0.05) 1.08(0.19) 0.71 (-0.71) 0.95 (-0.11) 0.83 (-0.40) 0.99(0.03) 
45 126(0 60) 1.09(0.20) 1.29(0.67) 1.02(0.05) 1.09(0.21) 0.70 (-0.73) 0.96 (-0.10) 0.85 (-0.36) 1.00(0.00) 
48 L26(0.59) 1.08(0.19) 1.27(0.60) 1.00 (-0.01) 1.06(0.13) 0.68 (-0.74) 0.94 (-0.13) 0.83 (-0.38) 0.98(0.04) 

51 127(0 58) 1.08(0.18) 1.26(0.56) 0.99 (-0.02) 1.06(0.12) 0.67 (-0.75) 0.93 (-0.15) 0.82 (-0.40) 0.97 (-0.07) 
54 131 0 65 111(0.24 1.27(0.57) 1.00(0.00) 1.07(0.14) 0.69 (-0.68) 0.95 (-0.10) 0.84 (-0.34) 0.98(0.05) 
57 134 069 113 0.27 1.27 0.57 1.00(0.00) 1.07(0.13) 0.71 (-0.62) 0.96 (-0.08) 0.85 (-0.31) 0.98 (-0.04) 
60 136 072 114 0 28 1.27 0.54 0.99 (-0.01) 1.05(0.11) 0.72(-0.59) 0.96(-0.08) 0.85(-0.31) 0.97 (-0.06) 
63 35 0 69 2 024 .24 0.47 0.97-0.05) 1.04(0.07) 0.69 (-0.62) 0.94 (-0.13) 0.82 (-0.36) 0.93 (-0.13) 
66 32 0 62 07 014 .19 0.36 0.93-0.14) 1.00(0.01) 0.66 (-0.69) 0.89 (-0.22) 0.76 (-0.47) 0.88 (-0.24) 
69 129 054 02 005 .12 0.24 0.87-0.24) 0.96 (-0.08) 0.62 (-0.73) 0.85 (-0.29) 0.71 (-0.56) 0.82 (-0.34) 
12 128 051 100 0 00 09 0.17 0.84-0.30 0.93 (-0.12) 0.61 (-0.75) 0.84 (-0.31) 0.69 (-0.59) 0.79 (-0.38) 
15 27 0 49 0 9 8 ( 0 03) 07(0.12 0.81-0.39 0.91 (-0.15) 0.58 (-0.78) 0.82(-0.33) 0.65 (-0.64) 0.76 (-0.43) 
78 " S S S 0 9 7 - 0 06 04 0-07 0.78-0.38 0.90 (-0.17) 0.56 (-0.81) 0.80 (-0.35) 0.63 (-0.67) 0.73 (-0.47) 
81 25 044 0 9 5 - 0 08 02 0.04 0.77-0.40) 0.89 (-0.19) 0.54 (-0.83) 0.79 (-0.37) 0.61 (-0.68) 0.72 (-0.50) 
l\ ! : § £ « ) a95(-a08) 1:02(0.04) 0.77 (-0.40) 0.89 (-0.18) 0.52 (-0.85) 0.78 (-0.38) 0.61 (-0.67) 0.72 (-0.48) 

87 i r W 0 42>. 0 95M)08) 103(004) 0.77 (-0.38) 0.90 (-0.16) 0.51 (-0.86) 0.78 (-0.38) 0.61 (-0.67) 0.73 (-0.46) 
90 S O'S o S - 0 1 1 £ a04 0.77-0.38 0.90(-0.15) 0.48 (-0.90) 0.76 (-0.40) 0.60 (-0.67) 0.72 (-0.46) 
9? 22 0 36 0 92 - 0 3 02 004 0.76-0.38) 0.90 (-0.15) 0.45 (-0.93) 0.75 (-0.42) 0.60 (-0.67) 0.73 (-0.44) 
ll 21 0 34 0 9 2 - 0 3 103 005 0.77-0.37) 0.91 (-0.14) 0.44 (-0.93) 0.75 (-0.41) 0.60 (-0.64) 0.75 (-0.41) 
99 M 0 32 0 92 - 0 4 05 008 0.78-0.39 0.92 (-0.12) 0.43 (-0.94) 0.75 (-0.41) 0.62 (-0.61) 0.77 (-0.37) 
Vm *W 030 0 91-014 106 0 09 0.78-0.33 0.93 (-0.11) 0.42 (-0.95) 0.74 (-0.41) 0.62 (-0.60) 0.78 (-0.35) 

S 9 ©3© 0 9 08 K 0.80-0.31 0.94 (-0.08) 0.42 (-0.93) 0.75 (-0.39) 0.64 (-0.56) 0.80 (-0.31) 
08 M O 0 9 -0 4 108 0 3 0.80-0.31 0.95 (-0.07) 0.41 (-0.93) 0.76 (-0.38) 0.65 (-0.54) 0.82 (-0.28) 

n ? ' ^ 0 32 0 9 2 - 0 1 2 110 0 5 0.81-0.29 0.97 (-0.04) 0.41 (-0.92) 0.77 (-0.35) 0.66 (-0.52) 0.84 (-0.25) 
i £ 0 34 0 93 - 0 0 1 017 0.82-0.26 0.99 (-0.02) 0.41 (-0.90) 0.79 (-0.32) 0.67 (-0.49) 0.86 (-0.22) 
7 \W 033 0 9 2 - 0 1 0 0 5 081-0.28 0.98 (-0.03) 0.40(-0.91) 0.78 (-0.33) 0.66 (-0.50) 0.85 (-0.22) 

m L M < a « ) a £ ( - a U ) L I O S I S ) M l (-0.28) 0.98(-0.03) 0.39(-0.91) 0.79 (-0.31) 0.68 (-0.47) 0.86 (-0.20) 

i W , , « m < « 104 rt)09) 121(048) 0.98 (-0.03) 1.03(0.08) 0.71 (-0.68) 0.93 (-0.16) 0.81 (-0.45) 0.95 (-0.11) 
A v l S 0 51 *m 003 1 15 0 34 0 91-0.15 0.99(0.00) 0.64 (-0.74) 0.88 (-0.23) 0.74 (-0.52) 0.88 (-0.23) 
A V ^ ' 2 £ 2 o S ( 0 0 1 ) 4 029 0.89-0.18 0.98 (-0.02) 0.59 (-0.78) 0.85 (-0.26) 0.72(-0.52) 0.86 (-0.24) 
^ n o S o S - 0 1 4 109 017 0 84-0.30 0.93 (-0.12) 0.61(0.75) 0.84 (-0.31) 0.69 (-0.60) 0.79 (-0.38) 
i ^ f H 034 0 92 0 4 102 003 0.76-0.40 0.89 (-0.19) 0.44 (-0.93) 0.75 (-0.42) 0.59 (-0.68) 0.72 (-0.50) 
M T !:l3(a30) IflVM ISgS) O ^ U ^ i 0-89 (-0.19) 0.39 (-0.95) 0.74 (-0.42) 0.59 (-0.68) 0.72 (-0.50) 

Monthly excess return is the difference between monthly nominal return and t-bill rate for the month. BiSj is the ith book-to-market 

ratio ranked and jth size ranked annuaUy adjusted portfolio according respectively to the book-to-market ratio... (continued on next page) 
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Table 4.22 (continued) 

B5S2 B1S3 B2S3 B3S3 B4S3 B5S3 B1S4 B2S4 B3S4 

v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t 
2 1.19 (3.68) 1.14 (2.40) 1.16 (2.90) 1.13 (2.45) 1.15 (2.60) 1.14 (2.31) 1.10 (1.60) 1.11 (2.12) 1.11 (1.89) 
3 1.21 (2.61) 1.15 (1.74) 1.18 (2.15) 1.13 (1.62) 1.16 (1.84) 1.09 (1.07) 1.11 (1.22) 1.11 (1.30) 1.11 (1.29) 
4 1.17 (1.69) 1.16 (1.48) 1.20 (1.88) 1.12 (1.17) 1.15 (1.39) 1.03 (0.32) 1.13 (1.06) 1.09 (0.86) 1.11 (1.02) 
5 1.12(1.02) 1.15(1.19) 1.20(1.59) 1.10(0.84) 1.13(1.00) 0.98 (-0.16) 1.12(0.85) 1.08(0.62) 1.10(0.77) 
6 1.10(0.75) 1.15(1.06) 1.21(1.49) 1.13(0.89) 1.15(1.05) 0.97 (-0.24) 1.12(0.80) 1.10(0.74) 1.13(0.85) 
7 1.07(0.48) 1.15(0.93) 1.22(1.38) 1.14(0.91) 1.15(0.97) 0.95 (-0.35) 1.12(0.72) 1.12(0.76) 1.14(0.83) 
8 1.04(0.22) 1.14(0.82) 1.21(1.23) 1.14(0.80) 1.14(0.78) 0.90 (-0.59) 1.11(0.63) 1.12(0.70) 1.12(0.70) 
9 0.98 (-0.13) 1.11(0.62) 1.17(0.95) 1.10(0.55) 1.09(0.48) 0.84 (-0.90) 1.09(0.47) 1.08(0.44) 1.09(0.45) 
10 0.93 (-0.35) 1.10(0.52) 1.14(0.73) 1.08(0.39) 1.05(0.23) 0.79(1.09) 1.07(0.36) 1.05(0.25) 1.06(0.30) 
11 0 92 (-0.42) 1.10(0.50) 1.13(0.61) 1.07(0.34) 1.03(0.12) 0.77 (-1.15) 1.07(0.35) 1.03(0.16) 1.05(0.24) 
12 0.90 (-0.46) 1.09(0.41) 1.10(0.47) 1.06(0.29) 1.01(0.06) 0.75 (-1.16) 1.07(0.30) 1.01(0.06) 1.04(0.18) 

15 0 90 (-0.42) 1.01(0.06) 1.02(0.07) 1.03(0.13) 0.99 (-0.05) 0.73 (-1.10) 1.02(0.10) 0.94 (-0.26) 0.99(0.04) 
18 0 87 (-0 48) 0.95 (-0.19) 0.97 (-0.13) 1.01(0.04) 0.95 (-0.19) 0.72 (-1.04) 0.99(0.04) 0.90 (-0.36) 0.94(0.20) 
21 0 83 (-0 59) 0.89 (-0.37) 0.92 (-0.28) 0.97 (-0.11) 0.87 (-0.42) 0.68 (-1.07) 0.95 (-0.16) 0.87 (-0.44) 0.88(0.40) 
24 0 77 (-0 75) 0.83 (-0.53) 0.86 (-0.44) 0.90 (-0.33) 0.79 (-0.67) 0.63 (-1.15) 0.89 (-0.33) 0.82 (-0.58) 0.79(0.64) 
27 0 74 (-077) 0.78 (-0.67) 0.83 (-0.50) 0.85 (-0.45) 0.75 (-0.76) 0.61 (-1.16) 0.84 (-0.48) 0.77 (-0.69) 0.74 (-0.77) 
30 073 (-076) 0.74 (-0.74) 0.83 (-0.49) 0.83 (-0.48) 0.73 (-0.78) 0.60 (-1.12) 0.81 (-0.53) 0.75 (-0.71) 0.71(0.81) 
33 071 (-079) 0.72 (-0.77) 0.81 (-0.51) 0.81 (-0.52) 0.69 (-0.83) 0.58 (-1.12) 0.79 (-0.56) 0.73 (-0.73) 0.68(0.86) 
36 0 68 (-0 84) 0.70 (-0.79) 0.81 (-0.51) 0.78 (-0.56) 0.67 (-0.87) 0.56 (-1.12) 0.76 (-0.61) 0.71 (-0.74) 0.65(0.89) 
39 0 68 (-0.81) 0.71 (-0.75) 0.82 (-0.46) 0.77 (-0.57) 0.66 (-0.86) 0.58 (-1.04) 0.76(0.60) 0.71 (-0.72) 0.63 (-0.92) 
42 0.68-0.78) 0.70 (-0.74) 0.82 (-0.45) 0.77 (-0.57) 0.65 (-0.84) 0.59 (-0.97) 0.75 (-0.59) 0.70 (-0.72) 0.61-0.93 
45 0.68 (-0.75) 0.69 (-0.75) 0.81 (-0.46) 0.76 (-0.56) 0.64 (-0.83) 0.61 (-0.90) 0.74 (-0.60) 0.69 (-0.72 0.59-0.94 
48 0.65 (-0.80) 0.67 (-0.76) 0.78 (-0.50) 0.73 (-0.61) 0.61 (-0.90) 0.59 (-0.92) 0.73 (-0.61) 0.66 (-0.76) 0.56 (-0.99) 

51 0.64 (-0.79) 0.66 (-0.77) 0.77 (-0.53) 0.71 (-0.65) 0.58 (-0.94) 0.59 (-0.90) 0.72 (-0.61) 0.64 (-0.80) 0.53 (-1.02) 
54 0 66-073) 0 68 (-0 71) 078 (-0.48) 0.70 (-0.64) 0.58 (-0.90) 0.61 (-0.82) 0.74 (-0.55) 0.65 (-0.75) 0.54 (-0.97) 
57 0 6 1 - 0 7 ? 0 69 -0.66 079 -0 .49 0.70-0.63 0.58 (-0.88) 0.62 (-0.77) 0.77 (-0.48) 0.66 (-0.71) 0.55 (-0.93) 
60 0 66 -069 070 S 62 0 78-0 .49 0.69-0.64) 0.57 (-0.89) 0.62 (-0.76) 0.78 (-0.44) 0.66 (-0.69) 0.54 (-0.93) 
M 0 65 070 0 68-066 0 7 5 - 0 5 1 0.64-0.72 0.52-0.99 0.60 (-0.78) 0.76 (-0.47) 0.63 (-0.74) 0.50(-0.99) 
66 0 6 2 - 0 75 0 63 (OK) a69 -0 62 0.58-0.82 0.46-1.09 0.56 (-0.83) 0.72 (-0.54) 0.57 (-0.84) 0.43 (-1.10) 
69 059 078 0 5 9 - 0 8 0 0 64-0.70 0.53-0.91) 0.40(-1.15) 0.53 (-0.88) 0.70(-0.57) 0.53 (-0.90) 0.38(-1.17) 
12 0 58 0 79 0 5 7 - 0 82 0 63-071 0.50-0.99 0.36 (-1.20) 0.51 (-0.89) 0.70 (-0.56) 0.51 (-0.92) 0.36 (-1.19) 
l \ 0 5? 0 79 0 53 -0 87) 0 60-074 0.45-1.01 0.32 (-1.29 0.50 (-0.90) 0.68 (-0.59) 0.48 (-0.96) 0.33 (-1.23) 
78 0 57 "o77^ 0 5 0 - 0 92) 0 5 8 - 0 7 6 0.41-1.06 0.30-1.27) 0.49 (-0.89) 0.65 (-0.63) 0.44 (-1.00) 0.30 (-1.26) 
ll 0 57 (OlD 0 4 8 - 0 94 0 57 -0J6 0.39-1.09 0.28 (-1.27) 0.49 (-0.89) 0.63 (-0.69 0.43 (-1.02) 0.29 (-1.26) 
84 a S S al?(-a95) 0^7 (-079 0.38 (-1.08J 0.29 (-1.24) 0.49 (-0.86) 0.62 (-0.66) 0.42 (-1.00) 0.29 (-1.24) 

87 0 5 8 f 0 7 H 046( -099 057(-0.74) 0.38(-1.06) 0.29(-1.22) 0.50(-0.83) 0.60(-0.68) 0.42(0.99) 0.28(-1.23) 
on S"2 0*69 0 43 099 0 56-075) 0 38-1.09 0.29 (-1.21) 0.51 (-0.81) 0.56 (-0.73) 0.41 (-0.99) 0.26 (-1.24) 
oS J "o'S o i l n S 0 5 5 - 0 7 9 0 38-1.04 0.29-1.19) 0.52 (-0.78) 0.54 (-0.76) 0.41 (-0.98) 0.25 (-1.24) 
ll o S ' o ' S 0 39 "SS 0 56-073 0.39-1.01 0.30-1.19 0.53 (-0.79 0.53 (-0.76) 0.41 (-0.96) 0.26 (-1.21) 
Q0 0 ' S " 0 6 n 037 03 0 5 7 - 0 7 0 0.40-0.98 0.31 (-1.11) 0.54 (-0.72) 0.52(-0.77) 0.42(-0.93) 0.26(-1.8 
Zl 0 62 059) 0 36 - S 057 S 0.40-0.96 0.32(-1.08) 0.55 (-0.70) 0.50(-0.79) 0.41 (-0.93) 0.27 - . 6 

S o ' S ' o ^ 0 36 103 0 5 9 - 0 6 9 0.41-0.93) 0.34 (-1.03) 0.57 (-0.66) 0.50(-0.78) 0.42(-0.90) 0.28 (-1.12) 
08 o £ (olt 0 36 S 0 6 0 - 0 62 0.42-0.90 0.36 (-1.00) 0.58 (-0.63) 0.49 (-0.79) 0.42 (-0.89) 0.29 (-1.10 
n n £ " £ S 0 36 00 0 61 -060 0.42-0.88 0.37 (-0.97) 0.61 (-0.59) 0.48 (-0.79) 0.43 (-0.87) 0.29 (-1.09) 
I nfi "oso Mttfin 063-057) 0 43-0.86 0.39-0.93) 0.62(-0.56) 0.48 (-0.78) 0.44 (-0.84) 0.29(-1.07) 
7 S'2 "olS 037 ' o S 062-057) 042-0.87^ 0.39-0.92) 0.62(-0.59 0.47 (-0.79) 0.44 (-0.83) 0.28(-1.08) 

\20 f S ( 5 S a37(:099 S S t S S ) 0.43 (-0.85) 0.40 (-0.88) 0.64 (-0.53) 0.47 (-0.78) 0.46 (-0.80) 0.28 (-1.06) 
A V C KfnitMTS 0 69^073) 0 77 (-0 52) 0.72 (-0.63) 0.60 (-0.90) 0.59(0.94) 0.76(0.59 0.67 (-0.79 0.57 (-0.95) 
* ™ « 2 " n S S"S "0 80 071 -059 0 61-0.77^ 0.50-1.01) 0.56 (-0.91) 0.71 (-0.59) 0.59 (-0.83) 0.48 (-1.09 

I 111 1 S :S S SHS 5S SS Ei 
g E g g s ? SSfiiSS S S &«(••«» «»'••*> °-49(-U7) °-47<a79) 040(-'02) a25(-126) 
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Table 4.22 (continued) 

B4S4 B5S4 B1S5 B^sl i i s 5 B T S ! B I S ! M"B7 

v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t 
2 1.07(1.25) 1.05(1.03) 1.08(1.00) 1.02(0.35) 098 (-0J8) 097 (-0.52) 103(0 54) l'ofi fl)Rtt 
3 1.06(0.73) 1.03(0.39) 1.11(0.96) 0.99 (-0.15) 0.92-0.81 0.94-0 68 05 0 63 105 £ * 
4 1.05(0.49) 1.02(0.23) 1.12(0.90) 0.97 (-0.29 0.90-0.87) 0.97-034 05 045 'tt 0 48 
5 1.02(0.15) 1.00(0.01) 1.14(0.87) 0.96 (-0.27) 0.88-0.91 0.94-0.46 04 0 32 £ n 36 
6 1.05(0.36) 1.02(0.15) 1.16(0.94) 1.01(0.05) 0.92-0.59 0.97-018 06 045 I'm 052 
7 1.06(0.37) 1.02(0.11) 1.17(0.91) 1.02(0.13) 0.94-0.34 0.97-0.21 06 0 36 09 051 
8 1.05(0.30) 1.01(0.04) 1.17(0.85) 1.03(0.15) 0.96-0.22 0.95-0.28 103 020 08 ©46 
9 1.01(0.05) 0.98 (-0.11) 1.16(0.76) 1.01(0.07) 0.94-0.33 0.92-0.45) O o S o i ) 06 o ' S 
10 0.98 (-0.12) 0.96 (-0.22) 1.15(0.67) 1.00(0.01) 0.93-0.36 0.89-0.57) 098 -009 104 ©21 
1 0.96 (-0.18) 0.95 (-0.29 1.15(0.62) 1.01(0.04) 0.93 (-0.34 0.87-0.61 098-011 104 018 

12 0.95 (-0.24) 0.93 (-0.31) 1.14(0.56) 1.00(0.02) 0.92 (-0.39 0.85 (-0.71) 0.98 (-0.09) 1.02 (0.11) 

15 0.90 (-0.42) 0.88 (-0.48) 1.09(0.35) 0.97 (-0.12) 0.88 (-0.49) 0.77 (-0.94) 0.99(0.03) 0 96 (-016) 
18 0.84 (-0.58) 0.84 (-0.61) 1.05(0.16) 0.94 (-0.21) 0.84 (-0.61) 0.69(1.14) 0.99 (-0.04 0 90-036 
2 0.79 (-0.71) 0.79 (-0.73) 1.00(0.00) 0.90 (-0.39 0.77 (-0.79) 0.61 (-1.32) 0.95 (-0.17) 0.83-0 56) 
24 0.73 (-0.86) 0.72 (-0.88) 0.92 (-0.23) 0.81 (-0.60) 0.69 (-1.01) 0.52 (-1.52) 0.89 (-0.36) 0 7 4 - 0 80) 
27 0.68 (-0.99 0.67 (-0.97) 0.84 (-0.49 0.73 (-0.80) 0.62 (-1.16) 0.46 (-1.62) 0.85 (-0.46) 0.66 (-0 98) 
30 0.66(0.96) 0.64 (-1.03) 0.80 (-0.54) 0.68(0.90) 0.59 (-1.19) 0.44 (-1.59) 0.83 (-0.49) 0 63 (-103) 
33 0.63 (-0.99) 0.58 (-1.12) 0.77 (-0.59) 0.62 (-1.00) 0.56 (-1.20) 0.42 (-1.59) 0.80 (-0.59 0.59 (-108) 
36 0.60 (-1.03) 0.54 (-1.20) 0.75 (-0.64) 0.58 (-1.08) 0.55 (-1.18) 0.38 (-1.60) 0.77 (-0.60) 0 57 (-111) 
39 0.57 (-1.07) 0.51 (-1.22) 0.74 (-0.63) 0.54 (-1.12) 0.54 (-1.17) 0.35 (-1.62) 0.77 (-0.59) 0.56 (-110) 
42 0.55 (-1.08) 0.49 (-1.22) 0.73 (-0.62) 0.52 (-1.19 0.53 (-1.19 0.33 (-1.62) 0.77 (-0.59 0.55 (-1.08) 
45 0.54 (-1.07) 0.49 (-1.19) 0.74 (-0.59) 0.50 (-1.16) 0.53 (-1.12) 0.32 (-1.60) 0.79 (-0.49) 0.54 (-106) 
48 0.51 (-1.11) 0.46 (-1.22) 0.74 (-0.58) 0.48 (-1.17) 0.52 (-1.10) 0.30 (-1.59) 0.80 (-0.46) 0.53 (-1.09 

51 0.48 (-1.14) 0.44 (-1.22) 0.75 (-0.54) 0.47 (-1.16) 0.52 (-1.07) 0.30 (-1.56) 0.82 (-0.40) 0.53 (-1.03) 
54 0.49 (-1.09) 0.46 (-1.19 0.80 (-0.43) 0.49 (-1.07) 0.55 (-0.98) 0.31 (-1.48) 0.85 (-0.33) 0.56 (-0.93) 
57 0.50 (-1.04) 0.47 (-1.10) 0.85 (-0.30) 0.52 (-0.99) 0.56 (-0.93) 0.33 (-1.40) 0.88 (-0.26) 0.60 (-0.84) 
60 0.49 (-1.03) 0.48 (-1.09 0.90 (-0.21) 0.54 (-0.93) 0.56 (-0.91) 0.35 (-1.33) 0.90 (-0.20) 0.62 (-0.77) 
63 0.45 (-1.08) 0.46 (-1.06) 0.92 (-0.17) 0.53 (-0.92) 0.53 (-0.99 0.34 (-1.32) 0.90 (-0.21) 0.61 (-0.77) 
66 0.39 (-1.18) 0.42 (-1.11) 0.92 (-0.16) 0.50 (-0.96) 0.47 (-1.04) 0.30 (-1.37) 0.85 (-0.30) 0.58 (-0.83) 
69 0.33 (-1.27) 0.37 (-1.18) 0.93 (-0.12) 0.47 (-1.00) 0.42 (-1.13) 0.27 (-1.41) 0.80 (-0.39) 0.55 (-0.86) 
72 0.29 (-1.31) 0.34 (-1.21) 0.97 (-0.06) 0.46 (-1.00) 0.38 (-1.17) 0.26 (-1.40) 0.77 (-0.44) 0.54(0.86) 
75 0.25 (-1.36) 0.32 (-1.23) 0.98 (-0.03) 0.44 (-1.02) 0.34 (-1.22) 0.24 (-1.40) 0.74 (-0.49) 0.52 (-0.88) 
78 0.22 (-1.39) 0.31 (-1.22) 1.00(0.00) 0.41 (-1.09 0.30 (-1.27) 0.24 (-1.37) 0.73 (-0.50) 0.50 (-0.90) 
81 0.21 (-1.39) 0.30 (-1.22) 1.03(0.06) 0.41 (-1.04) 0.28 (-1.29) 0.25 (-1.34) 0.73 (-0.48) 0.50(0.88) 
84 0.21 (-1.36) 0.30 (-1.20) 1.06(0.11) 0.41 (-1.01) 0.28 (-1.27) 0.26 (-1.29) 0.75(0.43) 0.51 (-0.89 

87 0.21 (-1.33) 0.30 (-1.18) 1.09(0.16) 0.42 (-0.98) 0.27 (-1.26) 0.27 (-1.29 0.78(0.37) 0.52 (-0.82) 
90 0.21 (-1.32) 0.30 (-1.16) 1.10(0.17) 0.43 (-0.96) 0.27 (-1.24) 0.28 (-1.23) 0.81 (-0.32) 0.52 (-0.81) 
93 0.21 (-1.30) 0.31 (-1.13) 1.12(0.19) 0.43 (-0.93) 0.27 (-1.22) 0.27 (-1.22) 0.84 (-0.27) 0.52 (-0.79) 
96 0.22 (-1.27) 0.33 (-1.08) 1.13(0.21) 0.45 (-0.89) 0.27 (-1.20) 0.28 (-1.19) 0.87 (-0.21) 0.53 (-0.76) 
99 0.22 (-1.23) 0.34 (-1.09 1.14(0.23) 0.46 (-0.86) 0.28 (-1.17) 0.28 (-1.16) 0.91 (-0.19 0.55(0.73) 
102 0.23 (-1.21) 0.35 (-1.02) 1.14(0.23) 0.46 (-0.89 0.28 (-1.16) 0.29 (-1.14) 0.93 (-0.12) 0.55 (-0.71) 
105 0.24 (-1.17) 0.36 (-0.99) 1.16(0.25) 0.47 (-0.83) 0.28 (-1.14) 0.30 (-1.10) 0.95 (-0.08) 0.56(0.68) 
108 0.24 (-1.16) 0.37 (-0.96) 1.17(0.26) 0.46 (-0.82) 0.28 (-1.12) 0.31(1.08) 0.96 (-0.07) 0.57 (-0.67) 
111 0.25 (-1.14) 0.38 (-0.93) 1.18(0.27) 0.46(0.81) 0.28 (-1.12) 0.31 (-1.06) 0.98 (-0.03) 0.57 (-0.66) 
114 0.26 (-1.11) 0.40 (-0.90) 1.21(0.31) 0.47 (-0.79) 0.28 (-1.09) 0.31 (-1.09 1.01(0.02) 0.58 (-0.63) 
117 0.25 (-1.11) 0.40 (-0.89) 1.22(0.33) 0.47 (-0.78) 0.29 (-1.07) 0.29 (-1.07) 1.03(0.05) 0.58 (-0.63) 
120 0.26 (-1.08) 0.41 (-0.86) 1.24(0.36) 0.49 (-0.79 0.30 (-1.04) 0.28 (-1.06) 1.06(0.09) 0.59 (-0.60) 

AVS 0.52 (-1.08) 0.50 (-1.13) 0.82 (-0.42) 0.55 (-1.02) 0.53 (-1.09) 0.35 (-1.51) 0.82 (-0.42) 0.58(0.96) 
AVM 0.42 (-1.17) 0.43 (-1.19 0.90 (-0.29 0.51 (-1.01) 0.45 (-1.14) 0.32 (-1.44) 0.81 (-0.41) 0.56(0.92) 
AVL 0.37 (-1.16) 0.42 (-1.10) 0.97(0.12) 0.50 (-0.96) 0.41 (-1.14) 0.31 (-1.39 0.85 (-0.32) 0.56 (-0.86) 
MNS 0.29 (-1.31) 0.34 (-1.23) 0.73 (-0.64) 0.46 (-1.17) 0.38 (-1.20) 0.26 (-1.63) 0.77 (-0.60) 0.53 (-1.11) 
MNM 0.20 (-1.39) 0.30 (-1.23) 0.73(0.64) 0.41 (-1.17) 0.27 (-1.29) 0.24 (-1.63) 0.72 (-0.60) 0.50 (-1.11) 
MNL 0.20 (-1.39) 0.30 (-1.23) 0.73 (-0.64) 0.41 (-1.17) 0.27 (-1.29) 0.24 (-1.63) 0.72 (-0.60) 0.50 (-1.11) 

the minima of die relevant measures (either vanance ratios or t values) for the horizons between 25 months and 72 months, between 25 
mondis and 96 months, and between 25 months and 120 months. The variance of mondily observations is die base variance for calculating 
variance ratios (see equation 4.2 of this dissertation). Variance ratio / values are based on equation (B.19) of this dissertation, which is 
developed by Lo and MacKinlay (1988) under die assumption that random variables of interest are serially uncorrelated and 
heteroscedasticaUy distributed. 
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Table 4.23 
Time Series Means of Coefficient Estimates for the Cross-sectional Regression of 

the Next Period Value-weighted Returns on Market Risk Factor Loading, 
Size Risk Factor Loading, and Book-to-market Risk Factor Loading, 

Estimated at the End of the Current Period under the Annually 
Adjusted Book-to-market/Size Portfolio Formation Approach 

Sample content Sample period Return measure R2 R2 

Panel I 

NYSE/AMEX/NASDAQ 
(all stocks) 

NYSE/AMEX/NASDAQ 
(all stocks) 

NYSE/AMEX/NASDAQ 
(all stocks) 

NYSE/AMEX/NASDAQ 
(all stocks) 

NYSE/AMEX/NASDAQ 
(all stocks) 

NYSE/AMEX/NASDAQ 
(all stocks) 

NYSE/AMEX/NASDAQ 
(all stocks) 

July/63-Dec./96 

July/63-Dec./96 

July/63-Dec./96 

July/63-Dec./96 

July/63-Dec./96 

July/63-Dec./96 

July/63-Dec./96 

Value-weighted 

Panel II 

Value-weighted 

Value-weighted 

Value-weighted 

Value-weighted 

Value-weighted 

Value-weighted 

0.0111 
(4.07) 

0.0119 
(4.19) 

0.0078 
(3.16) 

0.0080 
(3.13) 

0.0173 
(5.57) 

0.0086 
(2.94) 

0.0089 
(3.64) 

-0.0061 
(-2.81) 

-0.0055 
(-2.18) 

-0.0120 
(-4.21) 

-0.0029 
(-1.12) 

0.0001 
(0.09) 

-0.0009 
(-0.79 

-0.0002 
(-0.17) 

-0.00001 
(-0.008) 

0.0039 
(2.87) 

0.0031 
(2.34) 

0.0028 
(2.19) 

0.0039 
(2.94) 

0.46 

0.21 

0.23 

0.22 

0.34 

0.34 

0.42 

0.21 

0.05 

-0.10 

-0.12 

0.05 

0.05 

0.16 

2 —2 

Numbers in parentheses below the coefficient estimates are t statistics. R and R are respectively die time series (arithmetic) 
means of R-squares and adjusted R-squares of me cross sectional regression for die sample period in which me regression is run. 
Coefficients y0, y, , y2, and y^ are obtained from die following procedure: First, at me end of mondi t , die following OLS cross 
sectional regression is run to obtain y0j , yu , f^ , and y3, : 

NRiJ+l - RF„x = r„,+KA/ +r*A. + r 3 A + ^ + . • ' = l ^ • 
NR +, is die portfolio fs value-weighted nominal return for month t +1 , RFl+l is die t-bill rate for mondi t +1, and ftu is the 

market risk factor loading, su is die size risk factor loading, and hiJt is die book-to-market risk factor loading. Then, t statistics 

of die four coefficients are obtained according to: 

t = p / JL. , . c = 0,U,3, Ye=TY,Yc.n S(ye)= r T ^ A , " / , ) 2 

S(ye)HT-\ ~ { t r J 
T is die number of periods (mondis) in which the cross sectional regression is run. Portfolio Cs bu, stJ,aad hu are obtained 

dirough die following OLS time series regression: 
AERitJ = aiJ + biJAERMi+siJAESMBj + hiJAEHMLj + ei%j, j = t-59 t. 

AER. is die annual excess return of portfolio i and is obtained by compounding the 12 mondily excess returns of portfolio i 

preceding die beginning of monm j' + l where monthly excess return of portfolio i for moth t is defined as (NRU,-RF,). 

AERM • is die annual excess return of die market portfolio consisting all die stocks in the 25 annually adjusted book-to-market/size 

portfoUos and is obtained by compounding the 12 monthly excess returns of the market portfolio preceding aw beginning of mondi 

j +1 where mondily excess return of the market portfolio for month t is defined as die difference between month t' s nominal 

return of the market portfolio and t-bill rate for month t , (RMia -RF,). AESMBj is the annualized size risk premium, measured 

at the end of month ; by compounding the 12 monthly size risk premia preceding the beginning of month ; +1. AEHMLj is the 

annualized book-to-market risk premium, measured at the end of month ;*, by compounding the 12 monthly book-to-market risk 

premia preceding die beginning of mondi j + l. 
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Table 4.24 
Variance Ratios and Their t Values for Value-weighted Expected Excess Returns 

of AnnuaUy Adjusted Book-to-market /Size PortfoUos of All the NYSE, 
AMEX, and NASDAQ Stocks from June 1969 to December 1996 

B1S1 B2S1 B3S1 B4S1 B5S1 B1S2 B2S2 B3S2 B4S2 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
HI 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

v.r. 
1.22 
1.27 
1.29 
1.29 
1.30 
1.30 
1.29 
1.25 
1.23 
1.21 
1.19 
1.11 
1.06 
1.01 
0.95 
0.90 
0.88 
0.86 
0.86 
0.89 
0.92 
0.93 
0.92 

0.92 
0.94 
0.95 
0.% 
0.94 
0.90 
0.86 
0.85 
0.83 
0.81 
0.79 
0.77 

t 
3.79) 

14) 
2.66) 
2.28) 
2.04) 
1.86) 
1.64) 
1.35) 
1.14) 
1.00) 
;0.87) 
[0.46) 
:o.2i) 
[0.03) 
-0.14) 
-0.29) 
-0.39 
-0.37) 
;-0.37) 
[-0.26) 
[-0.20) 
0.16) 
0.18) 

0.19) 
0.13) 
0.09) 
0.08) 
0.12) 
0.20) 
0.26) 
0.29) 
0.32) 
0.39 

[-0.38) 
1-0.39) 

0.76 
0.74 
0.72 
0.71 
0.70 
0.69 
0.69 
0.69 
0.70 
0.71 
0.70 (-
0.69 (-

0.91 (-
0.86 (-
0.82 (-
0.85 (-
0.71 (-
0.69 (-

:-o 

0.40) 
0.44) 
0.46) 
0.47) 
0.48) 
0.49) 
0.48) 
0.47) 

.46) 
0.44) 
0.49 
0.49 

0.22) 
0.28) 
0.32) 
0.38) 
0.47) 
0.49) 

v.r. t 
1.20 (3.59) 
1.24 (2.86) 
1.25 (2.40) 
1.24 (1.98) 
1.25 (1.78) 
1.25 (1.61) 
1.23 (1.38) 
1.19 (1.06) 
1.16 (0.85) 
1.15 (0.74) 
1.14 (0.65) 
1.09 (0.40) 
1.05 (0.17) 
1.00 (-0.01) 
0.95 (-0.16) 
0.92 (-0.23) 
0.91 (-0.29 
0.91 (-0.29 
0.91 (-0.24) 
0.94 (-0.19 
0.97 (-0.08) 
0.98 (-0.09 
0.96 (-0.08) 

0.95 (-0.10) 
0.97 (-0.06) 
0.98 (-0.04) 
0.98 (-0.03) 
0.96 (-0.07) 
0.92 (-0.19 
0.88 (-0.24) 
0.86 (-0.27) 
0.84 (-0.30) 
0.82 (-0.33) 
0.80 (-0.39 
0.80 (-0.39 

0.80 (-0.39 
0.78 (-0.36) 
0.77 (-0.38) 
0.77 (-0.37) 
0.77 (-0.37) 
0.77 (-0.36) 
0.78 (-0.34) 
0.79 (-0.33) 
0.80 (-0.30) 
0.82 (-0.28) 
0.81 (-0.28) 
0.81 (-0.28) 

0.94 (-0.14) 
0.89 (-0.21) 
0.87 (-0.24) 
0.86 (-0.27) 
0.77 (-0.38) 
0.77 (-0.38) 

v.r. t 
1.19 (3.51) 
1.22 (2.61) 
1.22 (105) 
1.20 (1.61) 
1.20 (1.41) 
1.20 (1.26) 
1.18 (1.03) 
1.13 (0.72) 
1.10 (0.50) 
1.08 (0.39) 
1.07 (0.30) 

1.03 (0.13) 
1.00 (0.01) 
0.97 (-0.12) 
0.92 (-0.24) 
0.91 (-0.27) 
0.91 (-0.26) 
0.89 (-0.28) 
0.89 (-0.29) 
0.92 (-0.19) 
0.95 (-0.13) 
0.96 (-0.08) 
0.95 (-0.12) 

0.94 (-0.13) 
0.96 (-0.08) 
0.97 (-0.06) 
0.97 (-0.09 
0.96 (-0.08) 
0.92 (-0.16) 
0.87 (-0.24) 
0.85 (-0.27) 
0.83 (-0.30) 
0.82 (-0.32) 
0.81 (-0.34) 
0.81 (-0.33) 

0.81 (-0.32) 
0.81 (-0.32) 
0.81 (-0.32) 
0.81 (-0.30) 
0.83 (-0.28) 
0.83 (-0.26) 
0.85 (-0.24) 
0.85 (-0.22) 
0.87 (-0.20) 
0.89 (-0.17) 
0.88 (-0.18) 
0.88 (-0.17) 

0.93 (-0.17) 
0.89 (-0.22) 
0.88 (-0.22) 
0.85 (-0.30) 
0.80 (-0.34) 
0.80 (-0.34) 

v.r. t 
1.18 (3.17) 
1.20 (2.36) 
1.20 (1.85) 
1.18 (1.46) 
1.19 (1.35) 
1.20 (1.24) 
1.18 (1.06) 
1.14 (0.76) 
1.11 (0.54) 
1.09 (0.43) 
1.07 (0.32) 

1.01 (0.05) 
0.98 (-0.08) 
0.94 (-0.20) 
0.90 (-0.32) 
0.87 (-0.38) 
0.86 (-0.39) 
0.84 (-0.41) 
0.84 (-0.42) 
0.86 (-0.34) 
0.88 (-0.28) 
0.90 (-0.24) 
0.88 (-0.27) 

0.87 (-0.29) 
0.89 (-0.23) 
0.90 (-0.21) 
0.90 (-0.19) 
0.88 (-0.24) 
0.83 (-0.33) 
0.78 (-0.41) 
0.75 (-0.49 
0.73 (-0.48) 
0.72 (-0.50) 
0.70 (-0.52) 
0.70 (-0.50) 

0.71 (-0.49) 
0.71 (-0.48) 
0.71 (-0.47) 
0.72 (-0.49 
0.73 (-0.42) 
0.74 (-0.41) 
0.75 (-0.38) 
0.76 (-0.37) 

' 0.77 (-0.34) 
0.79 (-0.31) 
0.79 (-0.31) 
0.79 (-0.30) 

0.86 (-0.32) 
0.81 (-0.37) 
0.80 (-0.37) 
0.75 (-0.45) 
0.70 (-0.52) 
0.70 (-0.52) 

v.r. t 
1.19 (3.38) 
1.22 (2.61) 
1.22 (2.10) 
1.21 (1.70) 
1.23 (1.63) 
1.24 (1.54) 
1.23 (1.35) 
1.20 (1.06) 
1.16 (0.83) 
1.15 (0.71) 
1.13 (0.61) 

1.09 (0.38) 
1.07 (0.25) 
1.04 (0.13) 
1.00 (-0.01) 
0.99 (-0.04) 
0.98 (-0.04) 
0.97 (-0.07) 
0.97 (-0.08) 
1.00 (-0.01) 
1.02 (0.05) 
1.03 (0.08) 
1.01 (0.02) 

1.00 (0.00) 
1.02 (0.04) 
1.03 (0.05) 
1.02 (0.05) 
1.00 (0.00) 
0.95 (-0.10) 
0.89 (-0.20) 
0.86 (-0.29 
0.85 (-0.27) 
0.83 (-0.29) 
0.82 (-0.31) 
0.82 (-0.29) 

0.83 (-0.27) 
0.84 (-0.26) 
0.85 (-0.24) 
0.86 (-0.22) 
0.88 (-0.19) 
0.89 (-0.17) 
0.91 (-0.14) 
0.92 (-0.12) 
0.94 (-0.09) 
0.96 (-0.06) 
0.96 (-0.06) 
0.96 (-0.09 

0.99 (-0.03) 
0.94 (-0.11) 
0.93 (-0.11) 
0.86 (-0.29 
0.82 (-0.31) 
0.82 (-0.31) 

v.r. t 
1.18 (3.08) 
1.22 (2.50) 
1.24 (2.20) 
1.24 (1.87) 
1.25 (1.68) 
1.25 (1.52) 
1.24 (1.37) 
1.22 (1.15) 
1.21 (1.03) 
1.21 (0.98) 
1.20 (0.90) 

1.15 (0.58) 
1.10 (0.35) 
1.05 (0.15) 
0.98 (-0.09 
0.92 (-0.24) 
0.88 (-0.33) 
0.85 (-0.39) 
0.83 (-0.43) 
0.84 (-0.39) 
0.84 (-0.38) 
0.84 (-0.37) 
0.83 (-0.39) 

0.81 (-0.41) 
0.83 (-0.36) 
0.84 (-0.32) 
0.85 (-0.31) 
0.82 (-0.39 
0.77 (-0.44) 
0.73 (-0.52) 
0.71 (-0.59 
0.68 (-0.59) 
0.64 (-0.64) 
0.62 (-0.67) 
0.60 (-0.70) 

0.58 (-0.72) 
0.55 (-0.76) 
0.52 (-0.80) 
0.50 (-0.81) 
0.48 (-0.83) 
0.47 (-0.89 
0.46 (-0.84) 
0.46 (-0.84) 
0.45 (-0.84) 
0.46 (-0.82) 
0.45 (-0.82) 
0.44 (-0.82) 

0.83 (-0.38) 
0.75 (-0.49) 
0.68 (-0.57) 
0.71 (-0.59 
0.50 (-0.81) 
0.44 (-0.89 

v.r. t 
1.19 (3.23) 
1.22 (2.55) 
1.24 (2.18) 
1.23 (1.82) 
1.24 (1.64) 
1.23 (1.47) 
1.22 (1.27) 
1.18 (0.98) 
1.16 (0.79) 
1.15 (0.69) 
1.13 (0.60) 
1.09 (0.37) 
1.05 (0.19) 
1.00 (0.01) 
0.94 (-0.18) 
0.90 (-0.28) 
0.89 (-0.31) 
0.88 (-0.33) 
0.86 (-0.39 
0.88 (-0.29) 
0.89 (-0.26) 
0.89 (-0.29 
0.86 (-0.30) 

0.85 (-0.33) 
0.86 (-0.29) 
0.87 (-0.27) 
0.86 (-0.28) 
0.82 (-0.39 
0.76 (-0.49 
0.70 (-0.59 
0.67 (-0.60) 
0.63 (-0.66) 
0.60 (-0.71) 
0.57 (-0.79 
0.56 (-0.79 

0.55 (-0.76) 
0.53 (-0.79) 
0.51 (-0.80) 
0.50 (-0.80) 
0.50 (-0.79) 
0.49 (-0.79) 
0.50 (-0.77) 
0.50 (-0.77) 
0.50 (-0.79 
0.51 (-0.73) 
0.49 (-0.74) 
0.49 (-0.74) 

0.85 (-0.34) 
0.75 (-0.47) 
0.69 (-0.59 
0.67 (-0.60) 
0.50 (-0.80) 
0.49 (-0.80) 

v.r. t 
1.18 (3.12) 
1.20 (2.38) 
1.21 (1.95) 
1.20 (1.56) 
1.20 (1.44) 
1.20 (1.27) 
1.18 (1.04) 
1.14 (0.75) 
1.10 (0.53) 
1.09 (0.43) 
1.07 (0.34) 

1.02 (0.07) 
0.96 (-0.14) 
0.90 (-0.39 
0.83 (-0.54) 
0.79 (-0.63) 
0.78 (-0.64) 
0.76 (-0.66) 
0.75 (-0.69 
0.77 (-0.58) 
0.78 (-0.54) 
0.78 (-0.52) 
0.76 (-0.59 

0.75 (-0.56) 
0.78 (-0.49) 
0.79 (-0.44) 
0.80 (-0.42) 
0.78 (-0.49 
0.73 (-0.53) 
0.69 (-0.61) 
0.67 (-0.63) 
0.64 (-0.68) 
0.61 (-0.70) 
0.60 (-0.71) 
0.61 (-0.69) 

0.61 (-0.68) 
0.60 (-0.67) 
0.60 (-0.67) 
0.61 (-0.69 
0.61 (-0.63) 
0.62 (-0.62) 
0.63 (-0.59) 
0.63 (-0.57) 
0.64 (-0.59 
0.65 (-0.53) 
0.64 (-0.54) 
0.64 (-0.53) 

0.76 (-0.56) 
0.71 (-0.60) 
0.69 (-0.59) 
0.67 (-0.67) 
0.60 (-0.71) 
0.60 (-0.71) 

v.r. t 
1.16 (2.93) 
1.17 (109) 
1.17 (1.60) 
1.15 (1.20) 
1.16 (1.16) 
1.16 (1.06) 
1.15 (0.86) 
1.10 (0.56) 
1.07 (0.35) 
1.05 (0.25) 
1.04 (0.17) 

0.99 (-0.04) 
0.94 (-0.22) 
0.88 (-0.39) 
0.83 (-0.54) 
0.80 (-0.60) 
0.79 (-0.59) 
0.78 (-0.60) 
0.77 (-0.60) 
0.78 (-0.59 
0.78 (-0.52) 
0.79 (-0.50) 
0.76 (-0.59 

0.74 (-0.57) 
0.75 (-0.53) 
0.76 (-0.50) 
0.76 (-0.49) 
0.73 (-0.53) 
0.68 (-0.62) 
0.63 (-0.71) 
0.60 (-0.79 
0.57 (-0.79) 
0.55 (-0.81) 
0.53 (-0.82) 
0.54 (-0.80) 

0.54 (-0.78) 
0.54 (-0.77) 
0.54 (-0.76) 
0.55 (-0.73) 
0.57 (-0.69) 
0.58 (-0.67) 
0.60 (-0.63) 
0.61 (-0.60) 
0.63 (-0.56) 
0.65 (-0.52) 
0.65 (-0.52) 
0.66 (-0.49) 

0.75 (-0.57) 
0.68 (-0.64) 
0.66 (-0.63) 
0.60 (-0.79 
0.53 (-0.82) 
0.53 (-0.82) 

Monthly excess return is the difference between mc«thly nonrinal return and t-bfflnte for the month. BiSj is the ixh book-to-market ratio ranked and 
jth size ranked annually adjusted portfolio according respectively to the book-to-market ratio and size (market equity) ranks of individual stocks at the end of 

June of each year. MBS istherruuketrjortfĉ owmchcorisistscfthestocksin Ae 25 book-to-market̂ ize portfolios. Q is the... (continued on next page) 
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Table 4.24 (continued) 
-B5S2 B1S3 B2SJ BJS3 B4S<t nm Risa um 
v.r. t v.r. t v.r. t v.r. 

B3S4 
v r - t v.r. t v.r. t v.r. t v.r. 

2 1.17(3.09) 1.16(168) 1.15(168) 1.16(176) 1.13(129) 1.18(3.06) 1.12(1.90) 1.11(195) 113 
3 1.19(129) 1.18(104) 1.16(1.86) 1.18(115) 1.13(1.60) 1.20(133) 1.15(1.56) 1.11(1.28) 114 
4 1.19 (1.80) 1.20 (1.75) 1.16 (1.49) 1.19 (1.80) 1.13 (1.20) 1.19 (1.84) 1.17 (1.47) 1.11 (1.00) 1 15 
5 1.17 (1.40) 1.19 (1.47) 1.14 (1.13) 1.18 (1.44) 1.10 (0.84) 1.17 (1.37) 1.18 (1.33) 1.09 (0.74) 1 14 
6 1.18 (1.32) 1.20 (1.33) 1.14 (1.00) 1.19 (1.36) 1.12 (0.86) 1.18 (1.31) 1.20 (1.33) 1.11 (0.75) 1.16 
7 1.19(1.20) 1.20(1.20) 1.14(0.86) 1.19(1.21) 1.12(0.74) 1.18(1.17) 1.21(1.24) 1.11(0.70) 1.16 
8 1.17 (1.00) 1.19 (1.07) 1.12 (0.68) 1.17 (0.99) 1.09 (0.55) 1.16 (0.94) 1.21 (1.13) 1.10 (0.58) 1.15 
9 1.13 (0.69) 1.16 (0.86) 1.08 (0.41) 1.13 (0.69) 1.04 (0.24) 1.11 (0.63) 1.18 (0.94) 1.06 (0.34) 1.10 
10 1.09 (0.48) 1.15 (0.73) 1.05 (0.24) 1.09 (0.47) 1.00 (0.03) 1.08 (0.43) 1.17 (0.81) 1.03 (0.18) 1.07 
11 1.08(0.39) 1.14(0.68) 1.04(0.18) 1.08(0.38) 0.99 (-0.06) 1.07(0.35) 1.16(0.75) 1.02(0.12) 1.05 
12 1.07(0.32) 1.14(0.61) 1.03(0.12) 1.06(0.30) 0.97 (-0.14) 1.06(0.30) 1.15(0.66) 1.01(0.05) 1.04 

15 1.04(0.18) 1.08(0.30) 0.99 (-0.03) 1.03(0.12) 0.91 (-0.39 1.04(0.17) 1.09(0.34) 0.97 (-0.11) 1.01 
18 1.01(0.04) 1.03(0.10) 0.96 (-0.19 0.98(0.06) 0.86 (-0.52) 1.02(0.07) 1.02(0.08) 0.94 (-0.24) 0.97 
21 0.96 (-0.14) 0.98 (-0.07) 0.91 (-0.29) 0.92 (-0.28) 0.79 (-0.73) 0.98 (-0.07) 0.96 (-0.14) 0.88 (-0.39) 0.90 
24 0.90 (-0.33) 0.91 (-0.28) 0.86 (-0.44) 0.84 (-0.50) 0.71 (-0.95) 0.93 (-0.23) 0.87 (-0.41) 0.81 (-0.60) 0.82 
27 0.87 (-0.38) 0.85 (-0.49 0.82 (-0.53) 0.80(0.60) 0.66 (-1.09 0.91 (-0.26) 0.78 (-0.63) 0.75 (-0.73) 0.76 
30 0.87 (-0.37) 0.82 (-0.51) 0.80 (-0.59 0.78 (-0.62) 0.63 (-1.08) 0.92 (-0.24) 0.74 (-0.72) 0.73 (-0.76) 0.73 
33 0.86 (-0.39) 0.80 (-0.54) 0.79 (-0.56) 0.75 (-0.66) 0.59 (-1.13) 0.91 (-0.29 0.71 (-0.77) 0.70 (-0.79) 0.70 
36 0.84 (-0.41) 0.79 (-0.59 0.78 (-0.57) 0.73 (-0.70) 0.56 (-1.16) 0.91 (-0.24) 0.67 (-0.83) 0.67 (-0.84) 0.66 
39 0.86 (-0.36) 0.80 (-0.49) 0.78 (-0.54) 0.72 (-0.69) 0.55 (-1.19 0.93 (-0.18) 0.66 (-0.84) 0.66 (-0.83) 0.64 
42 0.87 (-0.33) 0.81 (-0.46) 0.78 (-0.52) 0.72 (-0.68) 0.54 (-1.14) 0.95 (-0.13) 0.64 (-0.86) 0.65(0.83) 0.62 
45 0.87 (-0.30) 0.80 (-0.46) 0.78 (-0.51) 0.71 (-0.67) 0.54 (-1.11) 0.96 (-0.09) 0.61 (-0.89) 0.64 (-0.83) 0.61 
48 0.85 (-0.39 0.79 (-0.47) 0.75 (-0.56) 0.68 (-0.73) 0.51 (-1.14) 0.94 (-0.14) 0.59 (-0.92) 0.60 (-0.88) 0.57 

51 0.83 (-0.37) 0.78 (-0.48) 0.73 (-0.59) 0.65 (-0.76) 0.50 (-1.13) 0.93 (-0.16) 0.57 (-0.93) 0.58 (-0.91) 0.54 
54 0.85 (-0.33) 0.81 (-0.42) 0.74 (-0.54) 0.67 (-0.72) 0.52 (-1.09 0.94 (-0.12) 0.59 (-0.87) 0.59(0.87) 0.55 
57 0.85 (-0.31) 0.82 (-0.37) 0.75 (-0.52) 0.67 (-0.69) 0.54 (-0.99) 0.95 (-0.10) 0.61 (-0.81) 0.59(0.84) 0.55 
60 0.85 (-0.31) 0.83 (-0.34) 0.74 (-0.52) 0.66 (-0.69) 0.55(0.99 0.95 (-0.09) 0.62 (-0.77) 0.57 (-0.89 0.54 
63 0.82 (-0.37) 0.81 (-0.39) 0.71 (-0.57) 0.62 (-0.79 0.52 (-0.99) 0.93 (-0.14) 0.59 (-0.80) 0.53 (-0.91) 0.50 
66 0.76 (-0.46) 0.76 (-0.47) 0.65 (-0.67) 0.56(0.86) 0.47 (-1.06) 0.88 (-0.23) 0.55 (-0.88) 0.47 (-1.02) 0.44 
69 0.71 (-0.56) 0.72 (-0.53) 0.60 (-0.76) 0.49 (-0.96) 0.42 (-1.13) 0.84 (-0.31) 0.51 (-0.92) 0.41 (-1.11) 0.37 
72 0.67 (-0.61) 0.71 (-0.54) 0.57 (-0.79) 0.46 (-1.01) 0.39 (-1.17) 0.82 (-0.33) 0.50 (-0.93) 0.37 (-1.19 0.33 
75 0.64 (-0.66) 0.68 (-0.58) 0.54 (-0.83) 0.41 (-1.07) 0.36 (-1.22) 0.81 (-0.34) 0.47 (-0.97) 0.32 (-1.21) 0.28 
78 0.62 (-0.68) 0.66 (-0.62) 0.51 (-0.87) 0.38 (-1.11) 0.33 (-1.24) 0.81 (-0.34) 0.43 (-1.01) 0.29 (-1.26) 0.24 
81 0.60 (-0.70) 0.64 (-0.64) 0.49 (-0.89) 0.36 (-1.13) 0.32(1.23) 0.80 (-0.34) 0.41 (-1.03) 0.26 (-1.28) 0.21 
84 0.60 (-0.69) 0.62 (-0.66) 0.49 (-0.88) 0.36 (-1.11) 0.32 (-1.21) 0.82 (-0.31) 0.40 (-1.04) 0.25 (-1.28) 0.21 

87 0.61 (-0.67) 0.60 (-0.67) 0.49 (-0.87) 0.35 (-1.10) 0.33 (-1.18) 0.84 (-0.27) 0.38 (-1.09 0.24 (-1.27) 0.21 
90 0.61 (-0.66) 0.57 (-0.72) 0.47 (-0.88) 0.34 (-1.10) 0.33 (-1.16) 0.85 (-0.29 0.35 (-1.08) 0.22 (-1.28) 0.20 
93 0.61 (-0.69 0.55 (-0.79 0.46 (-0.88) 0.34 (-1.09) 0.33 (-1.14) 0.86 (-0.23) 0.33 (-1.10) 0.21 (-1.28) 0.19 
96 0.62 (-0.62) 0.53 (-0.77) 0.46(0.87) 0.35 (-1.06) 0.35 (-1.10) 0.88 (-0.19) 0.32 (-1.10) 0.21 (-1.26) 0.19 
99 0.63 (-0.59) 0.51 (-0.79) 0.46 (-0.89 0.36 (-1.02) 0.36 (-1.06) 0.91 (-0.19 0.31 (-1.10) 0.21 (-1.24) 0.20 
102 0.64 (-0.57) 0.49 (-0.82) 0.46 (-0.89 0.37 (-1.00) 0.37 (-1.03) 0.92 (-0.12) 0.29 (-1.11) 0.21 (-1.23) 0.20 
105 0.66 (-0.54) 0.48 (-0.82) 0.47 (-0.82) 0.39 (-0.96) 0.38 (-0.99) 0.95 (-0.07) 0.29 (-1.09) 0.22 (-1.20) 0.21 
108 0.67 (-0.52) 0.47 (-0.82) 0.47 (-0.81) 0.39 (-0.93) 0.39 (-0.97) 0.97(0.04) 0.29 (-1.09) 0.22 (-1.19) 0.21 
111 0.68 (-0.49) 0.46 (-0.83) 0.48 (-0.79) 0.40(-0.91) 0.39 (-0.99 1.00(0.00) 0.28 (-1.09) 0.22(-1.17) 0.21 
114 0.70(-0.46) 0.46(-0.81) 0.49(-0.77) 0.42(-0.88) 0.40(0.92) 1.03(0.04) 0.28(-1.07) 0.22(-1.14) 0.22 
117 0.69(-0.46) 0.45(-0.83) 0.47(-0.78) 0.41 (-0.88) 0.39(0.93) 1.03(0.05) 0.27(-1.08) 0.22(-1.14) 0.22 
120 0.69 (-0.49 0.44 (-0.82) 0.47 (-0.77) 0.41 (-0.87) 0.40 (-0.91) 1.05(0.08) 0.27 (-1.06) 0.22 (-1.12) 0.22 

AVS 0.83 (-0.38) 0.80 (-0.46) 0.74 (-0.57) 0.67 (-0.73) 0.54(1.09) 0.92 (-0.19) 0.63 (-0.83) 0.60 (-0.87) 0.58 
AVM 0.76 (-0.48) 0.74 (-0.53) 0.66 (-0.67) 0.57 (-0.89 0.47 (-1.12) 0.89 (-0.22) 0.55 (-0.90) 0.49 (-1.00) 0.46 
AVL 0.74(-0.49) 0.67(-0.60) 0.61 (-0.71) 0.53(0.87) 0.45(1.08) 0.91 (-0.17) 0.48(-0.94) 0.42(-1.09 0.40 
MNS 0.67 (-0.61) 0.71 (-0.56) 0.57 (-0.79) 0.46 (-1.01) 0.39 (-1.17) 0.82 (-0.33) 0.50 (-0.94) 0.37 (-1.19 0.33 
MNM 0.60 (-0.70) 0.53 (-0.77) 0.46 (-0.89) 0.34 (-1.13) 0.32 (-1.24) 0.80 (-0.39 0.32 (-1.10) 0.21 (-1.29) 0.19 
MNL 0.60 (-0.70) 0.44 (-0.83) 0.46 (-0.89) 0.34 (-1.13) 0.32 (-1.24) 0.80 (-0.39 0.27 (-1.11) 0.21 (-1.29) 0.19 

131) 
1.69) 
1.40) 
1.12) 
1.15) 
1.06) 

[0.88) 
[0.57) 
[0.35) 
[0.27) 
[0.20) 

;0.04) 
-0.11) 
-0.34) 
-0.59) 
-0.72) 
-0.77) 
-0.83) 
•0.90) 
0.92) 
0.93) 
0.94) 
1.00) 

1.02) 
0.99) 
0.99 
0.94) 
1.01) 
1.12) 

•1.22) 
•1.28) 
1.39 
1.39) 
1.41) 
1.39) 

1.37) 
1.37) 
1.36) 
1.33) 
1.30) 
1.29) 
1.29 
•1.23) 
1.22) 
1.19) 
1.18) 
1.16) 

0.96) 
1.10) 
•1.13) 
•1.28) 
•1.41) 
•1.41) 

return horizon ranging from 2 months to 120 months. Variance ratios are those in the column denoted by "v.r." Numbers inside parentheses in the column 
denoted by "t" are variance ratio X values. If the absolute value of a t value is greater than 1.96, the variance ratio is significantly different from one at the 5 
percent level. AVS, AVM, and AVL are respectively the arithmetic means of the relevant measures (either variance ratios or f values) far the horizons 
between 25 mondw and 72 months, between 25 months and 96 months, and between 25 months and 120 months. MNS, MNM, and MNL are respectively the 
minima of the relevant measures (either variance ratios or t values) for the horizons between 25 months and 72 months, between 25 months and % months, 
and between 25 months and 120 months. The variance of monthly observations is the base variance for calculating variance ratios (see equation 4.2 of this 
dissertation). Variance ratio / values are based on equation (B.19) of this dissertation, which is developed by Lo and MacKinlay (1988) under the 
assumption that random variables of interest are serially uncorrelated and heteroscedastically distributed. Expected excess returns for month t +1 , (y„^ + 

7i A ' + YusV + fr.A«) • " o b u i n e d by the cross sectional regression: NR^+l - RFI+1 =y0wl+ ft A + y x ^ + y v \ , + « u + 1 ,.. (continued on next page) 
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Table 4.24 (continued) 
-Q **** B 5 S 4 &1SS B2S5 B3S5 m,«< R V i 1 

v r- l v r l v r- t v.r. t v.r. t v.r. t vr t 
2 1.09(1.57) 1.12(125) 1.04(0.57) 1.03(0.50) 1.05(0.78) 1.02(0.46) 107(119) 
3 1.07(0.84) 1.13(1.55) 1.06(0.61) 1.01(0.16) 1.02 0.25 0.98 (-0.?9) 05 063 
4 1.06(0.53) 1.12(1.16) 1.07(0.56) 1.01(0.08) 1.00 0.01 0.95-0.47) S 0 34 
5 1.03(0.22) 1.10(0.81) 1.07(0.48) 1.00(-0.03) 0.98(-0.18) 0.93-0.62 Loi 010 
6 1.05(0.34) 1.12(0.85) 1.10(0.59) 1.03(0.19) 1.01(0.05) 0.96-0.28 105 034 
7 1.05(0.31) 1.12(0.79) 1.11(0.62) 1.03(0.21) 1.00(0.01) 0.97(-0.22) 106 037 
8 1.03(0.19) 1.11(0.63) 1.12(0.64) 1.03(0.16) 0.98 (-0.12) 0.95 (-0.30) 105 029 
9 0.99 (-0.07) 1.07(0.39) 1.12(0.58) 1.00(0.00) 0.93 (-0.38) 0.91 (-0.49) 1 02 010 
10 0.96 (-0.23) 1.05(0.24) 1.11(0.52) 0.98 (-0.10) 0.89 (-0.56) 0.88 (-0.62) 100 (-0 01) 
11 0.94(-0.27) 1.04(0.19) 1.12(0.55) 0.98(-0.11) 0.88(-0.61) 0.88 (-0.62) 1.00(-002) 
12 0.93 (-0.30) 1.04(0.17) 1.12(0.53) 0.97 (-0.16) 0.86 (-0.67) 0.86 (-0.66) 0.99 (-0.09 

15 0.92 (-0.39 1.04(0.16) 1.08(0.32) 0.91(0.36) 0.79 (-0.89 0.81 (-0.80) 0.96 (-0 17) 
18 0.89 (-0.39) 1.02(0.08) 1.05(0.18) 0.87 (-0.48) 0.74 (-0.96) 0.76 (-0.92) 0 95 (-019) 
21 0.86 (-0.47) 0.98 (-0.07) 1.03(0.09) 0.82 (-0.60) 0.67 (-1.12) 0.68(1.11) 0.94 (-0 22) 
24 0.82 (-0.58) 0.92 (-0.29 0.96 (-0.11) 0.74 (-0.81) 0.58 (-1.39 0.61 (-1.29) 0.89 (-0 36) 
27 0.79 (-0.63) 0.89 (-0.34) 0.89 (-0.32) 0.67 (-0.97) 0.52 (-1.49 0.56 (-1.37) 0.85 (-0.49 
30 0.79 (-0.60) 0.87 (-0.38) 0.85 (-0.42) 0.64 (-1.02) 0.50 (-1.44) 0.55 (-1.32) 0.85 (-044) 
33 0.77 (-0.60) 0.84 (-0.49 0.80 (-0.53) 0.60 (-1.07) 0.47 (-1.46) 0.53 (-1.30) 0.83 (-0.47) 
36 0.76 (-0.61) 0.80 (-0.51) 0.76 (-0.62) 0.56 (-1.12) 0.44 (-1.48) 0.52 (-1.29) 0.81 (-0 49) 
39 0.75 (-0.60) 0.79 (-0.53) 0.74 (-0.69 0.54 (-1.14) 0.42 (-1.47) 0.50 (-1.29) 0.81 (-0.48) 
42 0.75 (-0.58) 0.78 (-0.53) 0.72 (-0.68) 0.52 (-1.19 0.41 (-1.49 0.49(1.27) 0.82 (-0.49 
45 0.76 (-0.59 0.78 (-0.51) 0.70 (-0.70) 0.51 (-1.14) 0.40 (-1.43) 0.49 (-1.23) 0.84 (-0.38) 
48 0.73 (-0.59) 0.75 (-0.56) 0.69 (-0.69) 0.49 (-1.19 0.37 (-1.44) 0.48 (-1.22) 0.84 (-0.36) 

51 0.72 (-0.61) 0.73 (-0.60) 0.71 (-0.69 0.48 (-1.13) 0.36 (-1.43) 0.47 (-1.19) 0.85(0.33) 

54 0.73 (-0.57) 0.74 (-0.56) 0.75 (-0.53) 0.51 (-1.04) 0.38 (-1.39 0.49 (-1.11) 0.90(0.23) 
57 0.74 (-0.54) 0.74 (-0.59 0.80 (-0.41) 0.54(0.99 0.39(1.29) 0.51 (-1.04) 0.94 (-0.13) 
60 0.74 (-0.53) 0.73 (-0.59 0.84 (-0.32) 0.56 (-0.91) 0.39 (-1.26) 0.53 (-0.98) 0.97 (-0.06) 
63 0.70 (-0.59) 0.69 (-0.62) 0.85 (-0.30) 0.54 (-0.92) 0.36 (-1.29) 0.52 (-0.99) 0.96 (-0.08) 
66 0.64(0.69) 0.62 (-0.74) 0.83 (-0.32) 0.50 (-0.98) 0.31 (-1.39 0.48 (-1.04) 0.91 (-0.17) 
69 0.58 (-0.79) 0.55 (-0.86) 0.83 (-0.32) 0.46 (-1.02) 0.28 (-1.39) 0.45 (-1.08) 0.88(0.24) 
72 0.55 (-0.82) 0.50 (-0.93) 0.85 (-0.28) 0.45 (-1.02) 0.26 (-1.40) 0.43 (-1.08) 0.87 (-0.29 
75 0.53 (-0.89 0.45 (-1.00) 0.85 (-0.27) 0.43 (-1.09 0.23 (-1.43) 0.41 (-1.11) 0.86(0.26) 
78 0.51 (-0.86) 0.42(-1.04) 0.85(-0.27) 0.40(-1.07) 0.20(-1.49 0.39(-1.12) 0.86(0.29 
81 0.50 (-0.86) 0.40 (-1.06) 0.86 (-0.29 0.40 (-1.06) 0.20 (-1.43) 0.39 (-1.10) 0.87(0.23) 
84 0.52 (-0.83) 0.40 (-1.04) 0.87 (-0.23) 0.41 (-1.02) 0.21 (-1.39) 0.41 (-1.09 0.90 (-0.18) 

87 0.53 (-0.80) 0.40 (-1.02) 0.88 (-0.21) 0.42 (-1.00) 0.21 (-1.36) 0.42 (-1.02) 0.92 (-0.13) 
90 0.53 (-0.78) 0.39 (-1.02) 0.88 (-0.21) 0.41 (-0.99) 0.21 (-1.34) 0.42 (-0.99) 0.94 (-0.09) 
93 0.54 (-0.76) 0.40 (-1.00) 0.88 (-0.20) 0.42 (-0.96) 0.21 (-1.33) 0.43 (-0.96) 0.97 (-0.04) 
96 0.56 (-0.71) 0.41 (-0.96) 0.89 (-0.19) 0.43 (-0.93) 0.21 (-1.29) 0.44 (-0.93) 1.01 (0.02) 
99 0.58(0.67) 0.42 (-0.93) 0.89(0.18) 0.44 (-0.89) 0.23 (-1.26) 0.46(0.89) 1.05(0.08) 
102 0.59 (-0.64) 0.43 (-0.90) 0.89 (-0.18) 0.45 (-0.88) 0.23 (-1.24) 0.46 (-0.87) 1.07(0.11) 
105 0.61 (-0.60) 0.45 (-0.87) 0.89 (-0.17) 0.46 (-0.84) 0.24 (-1.20) 0.47 (-0.84) 1.10(0.15) 
108 0.63 (-0.57) 0.46 (-0.84) 0.89 (-0.18) 0.47 (-0.82) 0.23 (-1.19) 0.48 (-0.82) 1.12(0.18) 
111 0.64 (-0.54) 0.48 (-0.80) 0.88 (-0.19) 0.47 (-0.80) 0.23 (-1.19) 0.48(0.80) 1.13(0.21) 
114 0.66 (-0.51) 0.50 (-0.79 0.89 (-0.17) 0.49 (-0.77) 0.23 (-1.18) 0.50 (-0.77) 1.16(0.24) 
117 0.65 (-0.51) 0.51 (-0.73) 0.88 (-0.17) 0.49(0.79 0.22 (-1.18) 0.49 (-0.76) 1.17(0.26) 
120 0.67 (-0.49) 0.53 (-0.70) 0.90 (-0.16) 0.52 (-0.71) 0.23 (-1.19 0.51 (-0.74) 1.20(0.29) 

AVS 0.72 (-0.61) 0.75 (-0.56) 0.79 (-0.48) 0.54 (-1.04) 0.40 (-1.40) 0.50 (-1.18) 0.87 (-0.32) 
AVM 0.66 (-0.68) 0.63 (-0.71) 0.82 (-0.40) 0.50 (-1.03) 0.33 (-1.39) 0.47 (-1.13) 0.88(0.27) 
AVL 0.65 (-0.69 0.59 (-0.74) 0.83 (-0.34) 0.49 (-0.98) 0.31 (-1.35) 0.47 (-1.09 0.94 (-0.19 
MNS 0.55 (-0.82) 0.50 (-0.93) 0.69 (-0.70) 0.45 (-1.19 0.26 (-1.48) 0.43 (-1.37) 0.81 (-0.49) 
MNM 0.50 (-0.87) 0.39 (-1.06) 0.69 (-0.70) 0.40 (-1.19 0.20 (-1.48) 0.39 (-1.37) 0.81 (-0.49) 
MNL 0.50(-0.87) 0.39(-1.06) 0.69(-0.70) 0.40(-1.19 0.20(-1.48) 0.39(-1.37) 0.81(0.49) 

i= l , . . . , 25 . NR^+i is the portfolio fs nominal value-weighted return far month ( + 1 , RFl+l is the t-bill rate for month ( + 1. Portfolio is b , s 

and k^ are obtained through the following OLS time series regression: AERij=au+buAERMj+silAESMBj+kuAEHMLj+*^i,. j = t-59 t 

AER^j is the annual excess return of portfolio i . AERM^, is the annual excess return of the market portfolio consisting all die stocks in the 25 annually 

adjusted book-to-maiket&ze portfolios. AESMB- is the annualized size risk premium . AEHML, is the annualized book-to-market risk premium . The 

annual measures at the end of month j are obtained by compounding the 12 monthly measures preceding the beginning of month j + l . Far a detailed 

description of how these regressions are run, see section 3.3.3 of this dissertation. 
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Table 4.25 
Variance Ratios and Their t Values for Value-weighted Residual Returns of 

Annually Adjusted Book-to-market /Size Portfolios of NYSE, AMEX, 
and NASDAQ Stocks from June 1969 to December 1996 

Q B1SJ *& B2SJ BiSJ B5S1 R1S9 B M ? . B3S2 B4S2 
vr. t v.r. t v.r. t v.r vr- l v.r. t v.r. t v.r. t v.r. 

\ I 'SnS !"SSJ2 ?St°nV? 109(114) 109(102) 0-»("0-W) 1-06(1.06) 0.98 (-0.40) 1.02(0.28) 
3 1.32(3.31) 1.00(0.04) 1.00(0.01 1.12(1.11) 1.18(1.45) 1.01(0.11) 1.14(165) 09K-094 104(044 
4 1.39(3.28) 0.97 (-0.27) 0.99 (-0.09) 1.10(0.78) 1.15 1.02 1.00 0.04 22 99 0 87 -1 17) 04 S'S 
65 M I S S J S f t S ^ ( - ° - 3 0 ) 108(°-55) U3(a74) °"(-006> 1-26&S 0 83 - 3 ! £ £ 
6 1.41(164) 0.92 (-0.51) 0.95 (-0.33) 1.05(0.31) 1.09(0.47) 0.94 (-0.41) 1.29(103) 0 78 (-147) 0 97 (-0 20) 
7 1.39(132) 0.87 (-0.79) 0.95 (-0.31) 1.03(0.15) 1.06(0.30) 0.89 (-0.69 1.32 102 073-159 095-031 
o liVZnl nSJ"°'Z3) a 9 7 ( - ° 1 6 ) 100 (-0.01) 1.03(0.14) 0.85 (-0.86) 1.36(106) 0.70 (-1.69 0^3 -0.'39 
?n IJAll® a 8 7 ( - 0 - 7 0 ) 0.99 (-0.09 0.96 (-0.22) 1.00 (-0.01) 0.80 (-1.04) 1.38(103) 0.67 (-1.70) 0.94 (-0.33) 
? I - ^ °-88(-°-61) 101(0.03) 0.93 (-0.39 0.98 (-0.07) 0.78 (-1.09) 1.41(110) 0.64 (-1.79 0.95 (-0.26) 

11 1.35(1.61) 0.87 (-0.60) 1.00(0.01) 0.91 (-0.40) 1.00(0.02) 0.77 (-1.08) 1.46(121) 0.63 (-1.72) 0 97(0 14) 
12 1.35(1.56) 0.88 (-0.59 0.99 (-0.03) 0.91 (-0.37) 1.02(0.08) 0.78 (-1.00) 1.51(132) 0.62 (-1.71) 1.00(0.01) 
15 1.39(1.53) 0.89 (-0.42) 0.95(-0.21) 0.98(0.09) 1.19(0.68) 0.75(-0.98) 1.68(175) 0.57 (-1.69) 1.05(0 20) 
18 1.42(1.50) 0.92 (-0.28) 0.93 (-0.28) 0.98(0.09 1.27(0.87) 0.73 (-0.96) 1.85(3.11) 0.54(1.64) 105(019) 
21 1.46(1.53) 0.93 (-0.23) 0.89 (-0.38) 1.00(0.01) 1.33(0.97) 0.74 (-0.89 1.96(3.24) 0.53 (-1.56) 1.10(0 38) 
24 1.51(1.59) 0.92 (-0.24) 0.90 (-0.34) 1.04(0.13) 1.40(1.10) 0.79 (-0.64) 100(3.19 0.52 (-1.48) 1.12(0 41) 
27 1.59(1.77) 0.91 (-0.26) 0.91 (-0.28) 1.07(0.21) 1.51(1.32) 0.86(0.42) 105(3.14) 0.51 (-1.44) 1.12(038) 
30 1.65(1.89 0.90 (-0.27) 0.93 (-0.22) 1.06(0.17) 1.58(1.42) 0.92 (-0.23) 111(3.15) 0.49(1.42) 1.14(0.41) 
33 1.69(1.88) 0.90 (-0.26) 0.95 (-0.19 1.05(0.15) 1.61(1.44) 0.97 (-0.07) 119(3.23) 0.48 (-1.39) 1.12(0.35) 
36 1.73(1.91) 0.91 (-0.22) 0.98 (-0.09 1.09(0.25) 1.64(1.47) 1.03(0.07) 128(3.31) 0.45 (-1.40) 1.10(0.28) 
39 1.76(1.94) 0.92 (-0.19) 0.99 (-0.02) 1.15(0.39) 1.71(1.56) 1.07(0.18) 2.36(3.39) 0.43 (-1.40) 1.08(0.21) 
42 1.83(105) 0.92 (-0.18) 0.99 (-0.01) 1.18(0.44) 1.76(1.63) 1.11(0.27) 146(3.52) 0.42 (-1.37) 1.04(0.11) 
45 1.90(115) 0.95 (-0.11) 0.99 (-0.03) 1.19(0.44) 1.80(1.66) 1.15(0.33) 157(3.67) 0.40 (-1.38) 1.01(0.03) 
48 1.96(122) 0.98 (-0.09 0.99 (-0.03) 1.18(0.41) 1.82(1.65) 1.19(0.43) 2.68(3.81) 0.36 (-1.42) 1.00 (-0.01) 
51 103(132) 1.01(0.01) 0.97(-0.07) 1.15(0.34) 1.85(1.68) 1.25(0.55) 2.76(3.87) 0.33 (-1.44) 0.98(0.04) 
54 110(141) 1.04(0.08) 0.93 (-0.19 1.16(0.34) 1.91(1.76) 1.30(0.63) 2.83(3.91) 0.31 (-1.44) 0.98 (-0.04) 
57 116(149) 1.07(0.15) 0.92(-0.18) 1.18(0.39) 1.96(1.82) 1.34(0.70) 2.90(3.97) 0.30(-1.42) 0.98(0.09 
60 124(160) 1.10(0.20) 0.90 (-0.22) 1.21(0.44) 2.00(1.86) 1.40(0.80) 198(4.03) 0.29 (-1.41) 0.98(0.03) 
63 2.33(173) 1.10(0.20) 0.88(-0.24) 1.23(0.46) 104(1.89) 1.47(0.91) 3.04(4.07) 0.29(-1.39) 0.98(0.04) 
66 2.42(189 1.08(0.15) 0.88 (-0.29 1.25(0.50) 2.07(1.92) 1.51(0.99) 3.09(4.07) 0.28 (-1.37) 0.98(0.04) 
69 2.49(193) 1.04(0.08) 0.86 (-0.28) 1.30(0.57) 111(1.95) 1.57(1.07) 3.14(4.09) 0.27 (-1.36) 0.98 (-0.04) 
72 157(3.02) 1.02(0.04) 0.83 (-0.33) 1.34(0.64) 2.13(1.96) 1.63(1.16) 3.20(4.13) 0.26 (-1.39 0.96 (-0.07) 
75 2.65(3.12) 1.02(0.03) 0.80 (-0.38) 1.37(0.69) 2.18(101) 1.68(1.24) 3.25(4.14) 0.25 (-1.39 0.93 (-0.13) 
78 2.74(3.23) 1.02(0.04) 0.80 (-0.37) 1.41(0.75) 123(107) 1.73(1.31) 3.28(4.13) 0.24 (-1.34) 0.90(0.18) 
81 184(3.39 1.02(0.04) 0.80 (-0.37) 1.43(0.77) 129(113) 1.79(1.39) 3.31(4.11) 0.23 (-1.34) 0.87 (-0.29 
84 2.93(3.46) 1.01(0.02) 0.80 (-0.37) 1.44(0.78) 130(111) 1.84(1.46) 3.34(4.09) 0.21 (-1.39 0.83 (-0.31) 
87 3.01(3.56) 1.00(0.01) 0.81 (-0.39 1.47(0.83) 2.33(115) 1.88(1.50) 3.37(4.07) 0.20 (-1.34) 0.80 (-0.36) 
90 3.10(3.65) 0.99(-0.01) 0.81 (-0.34) 1.52(0.89) 138(120) 1.91(1.53) 3.39(4.05) 0.20(-1.33) 0.76(0.42) 
93 3.16(3.69) 0.96 (-0.07) 0.81 (-0.33) 1.55(0.92) 2.42(123) 1.% (1.59) 3.40(4.01) 0.20 (-1.30) 0.72(0.48) 
96 3.21(3.73) 0.92 (-0.13) 0.82 (-0.31) 1.56(0.94) 145(125) 2.02(1.67) 3.42(4.00) 0.22 (-1.27) 0.70 (-0.52) 
99 3.26(3.77) 0.88 (-0.19) 0.83 (-0.29) 1.58(0.%) 2.48(127) 108(1.74) 3.45(3.98) 0.21 (-1.29 0.68(0.54) 
102 3.32(3.81) 0.85 (-0.23) 0.86 (-0.24) 1.59(0.%) 2.50(128) 113(1.80) 3.47(3.97) 0.22 (-1.23) 0.67(0.59 
105 3.36 0.83) 0.82 (-0.29) 0.88 (-0.20) 1.59(0.99 151(127) 120(1.89) 3.49(3.99 0.23 (-1.20) 0.66 (-0.59 
108 3.39 0.83) 0.78 (-0.39 0.89 (-0.18) 1.59(0.93) 151(125) 125(1.95) 3.51(3.94) 0.24 (-1.16) 0.66(0.59 
111 3.42(3.84) 0.73 (-0.42) 0.91 (-0.19 1.59(0.92) 2.51(123) 2.29(1.99) 3.53(3.92) 0.26 (-1.13) 0.67(0.53) 
114 3.44(3.82) 0.69 (-0.48) 0.91 (-0.14) 1.58(0.90) 151(120) 133(103) 3.54(3.89) 0.27 (-1.09) 0.68(0.51) 
117 3.44(3.78) 0.65 (-0.54) 0.92 (-0.12) 1.56(0.86) 151(119) 136(105) 3.56(3.87) 0.28 (-1.07) 0.69 (-0.48) 
120 3.44(3.74) 0.60 (-0.61) 0.94 (-0.10) 1.57(0.87) 153(120) 2.37(105) 3.57(3.84) 0.29 (-1.04) 0.68 (-0.49) 

AVS 101(129) 0.99 (-0.09 0.93 (-0.16) 1.17(0.37) 1.83(1.67) 1.22(0.42) 164(3.69) 0.37 (-1.40) 1.03(0.10) 
AVM 2.31(167) 0.99(-0.03) 0.89(-0.22) 1.27(0.52) 1.99(1.82) 1.42(0.76) 187(3.82) 0.32(-1.38) O.%(0.04) 
AVL 2.58(1%) 0.93 (-0.12) 0.89 (-0.21) 1.34(0.62) 112(1.93) 1.63(1.05) 3.03(3.85) 0.30 (-1.32) 0.89(0.16) 
MNS 1.53(1.64) 0.90 (-0.28) 0.83 (-0.33) 1.05(0.13) 1.44(1.18) 0.81 (-0.57) 101(3.13) 0.26 (-1.49 0.%(-0.07) 
MNM 1.53(1.64) 0.90 (-0.28) 0.80 (-0.38) 1.05(0.13) 1.44(1.18) 0.81 (-0.57) 2.01(3.13) 0.20 (-1.49 0.70 (-0.52) 
MNL 1.53(1.64) 0.60(-0.61) 0.80(-0.38) 1.05(0.13) 1.44(1.18) 0.81(0.57) 101(3.13) 0.20(-1.49 0.66(0.56) 

Monthly excess return is the difference between monthly nominal return and t-bill rate for die month. BLSj is the ith book-to-market ratio ranked and 
jtk size ranked annually adjusted portfolio according respectively to the book-to-market ratio and size (market equity) ranks of individual stocks at the end of 

June of each year. MBS is the market portfolio which consists of the stocks in the 25 book-to-marketAize portfolios. Q is the. . . (continued on next page) 
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Table 4.25 (continued) 
Q 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

B5S2 
v.r. t 
1.16 (170) 
1.21 (138) 
1.16 (1.49) 
1.13 (1.03) 
1.11 (0.76) 
1.09 (0.57) 
1.08 (0.49 
1.08 (0.43) 
1.08 (0.43) 
1.09 (0.44) 
1.10 (0.45) 

1.06 (0.24) 
1.00 (-0.01) 
0.97 (-0.09) 
0.98 (-0.09 
1.02 (0.06) 
1.04 (0.12) 
1.08 (0.21) 
1.07 (0.19) 
1.07 (0.17) 
1.05 (0.13) 
1.06 (0.13) 
1.06 (0.13) 

1.10 (0.22) 
1.12 (0.26) 
1.14 (0.30) 
1.14 (0.29) 
1.14 (0.28) 
1.11 (0.22) 
1.09 (0.17) 
1.05 (0.10) 
1.03 (0.09 
1.02 (0.03) 
1.00 (0.00) 
0.94 (-0.10) 

0.92 (-0.13) 
0.91 (-0.19 
0.90 (-0.16) 
0.91 (-0.19 
0.91 (-0.19 
0.90(0.16) 
0.89 (-0.18) 
0.90 (-0.16) 
0.93 (-0.11) 
0.95 (-0.07) 
1.00 (0.00) 
1.02 (0.03) 

1.08 (0.18) 
1.04 (0.10) 
1.01 (0.09 
0.99 (-0.02) 
0.90 (-0.17) 
0.89 (-0.18) 

B1S3 
v.r. t 
1.07 (1.11) 
1.06 (0.59) 
0.99 (-0.07) 
0.94 (-0.41) 
0.91 (-0.59) 
0.88 (-0.73) 
0.86 (-0.80) 
0.82 (-0.93) 
0.83 (-0.84) 
0.84 (-0.76) 
0.84 (-0.71) 

0.83 (-0.66) 
0.83 (-0.60) 
0.84 (-0.53) 
0.87 (-0.41) 
0.91 (-0.27) 
0.92 (-0.22) 
0.93 (-0.19) 
0.93 (-0.19) 
0.90 (-0.24) 
0.85 (-0.36) 
0.80 (-0.48) 
0.75 (-0.58) 

0.68 (-0.71) 
0.60 (-0.86) 
0.55 (-0.96) 
0.50 (-1.03) 
0.47 (-1.08) 
0.44 (-1.11) 
0.41 (-1.14) 
0.39 (-1.17) 
0.36 (-1.21) 
0.34 (-1.21) 
0.35 (-1.19) 
0.36 (-1.19 

0.38 (-1.10) 
0.40 (-1.09 
0.41 (-1.01) 
0.41 (-0.99) 
0.43 (-0.96) 
0.44 (-0.92) 
0.44 (-0.90) 
0.46 (-0.87) 
0.47 (-0.84) 
0.49 (-0.81) 
0.49 (-0.79) 
0.50 (-0.77) 

0.70 (-0.64) 
0.59 (-0.80) 
0.56 (-0.82) 
0.39 (-1.17) 
0.34 (-1.21) 
0.34 (-1.21) 

B2S3 
v.r. t 
1.21 (3.20) 
1.29 (2.97) 
1.32 (2.58) 
1.33 (125) 
1.32 (1.94) 
1.33 (1.80) 
1.32 (1.65) 
1.32 (1.53) 
1.31 (1.40) 
1.30 (1.27) 
1.27 (1.09) 

1.12 (0.42) 
0.99 (-0.03) 
0.88 (-0.36) 
0.83 (-0.49) 
0.86 (-0.39) 
0.87 (-0.36) 
0.87 (-0.33) 
0.88 (-0.31) 
0.88 (-0.28) 
0.90 (-0.24) 
0.92 (-0.17) 
0.95 (-0.10) 

1.00 (-0.01) 
1.02 (0.05) 
1.03 (0.05) 
1.03 (0.09 
1.04 (0.09) 
1.06 (0.12) 
1.09 (0.16) 
1.13 (0.24) 
1.20 (0.36) 
1.25 (0.44) 
1.31 (0.54) 
1.35 (0.61) 

1.40 (0.67) 
1.42 (0.70) 
1.44 (0.72) 
1.46 (0.76) 
1.51 (0.81) 
1.56 (0.89) 
1.63 (0.99) 
1.69 (1.07) 
1.73 (1.12) 
1.75 (1.15) 
1.77 (116) 
1.79 (1.18) 

0.% (-0.10) 
1.09 (0.12) 
1.23 (0.35) 
0.84 (-0.47) 
0.84 (-0.47) 
0.84 (-0.47) 

B3S3 
v.r. t 
1.03 (0.42) 
1.05 (0.56) 
1.05 (0.45) 
1.04 (0.29) 
0.99 (-0.06) 
0.95 (-0.28) 
0.90 (-0.57) 
0.84 (-0.86) 
0.78 (-1.08) 
0.74 (-1.21) 
0.71 (-1.29) 

0.68 (-1.29) 
0.63 (-1.36) 
0.55 (-1.52) 
0.51 (-1.59 
0.52 (-1.46) 
0.51 (-1.42) 
0.46 (-1.50) 
0.44 (-1.48) 
0.47 (-1.37) 
0.47 (-1.31) 
0.46 (-1.30) 
0.44 (-1.31) 

0.43 (-1.30) 
0.42 (-1.30) 
0.40 (-1.30) 
0.40 (-1.28) 
0.41 (-1.22) 
0.42 (-1.18) 
0.41 (-1.18) 
0.40 (-1.17) 
0.41 (-1.13) 
0.41 (-1.12) 
0.39 (-1.12) 
0.38 (-1.12) 

0.39 (-1.09) 
0.40 (-1.06) 
0.39 (-1.06) 
0.38 (-1.07) 
0.37 (-1.06) 
0.36 (-1.07) 
0.34 (-1.09) 
0.32 (-1.10) 
0.32 (-1.09) 
0.31 (-1.10) 
0.29 (-1.12) 
0.27 (-1.13) 

0.44 (-1.33) 
0.43 (-1.29 
0.40 (-1.21) 
0.40 (-1.52) 
0.38 (-1.52) 
0.27 (-1.52) 

B4S3 
v.r. t 
1.16 (168) 
1.26 (191) 
1.34 (3.01) 
1.39 (197) 
1.40 (171) 
1.43 (162) 
1.43 (147) 
1.44 (133) 
1.44 (124) 
1.44 (108) 
1.43 (1.94) 

1.35 (1.42) 
1.27 (0.99) 
1.19 (0.66) 
1.21 (0.67) 
1.25 (0.75) 
1.25 (0.71) 
1.26 (0.71) 
1.28 (0.74) 
1.30 (0.76) 
1.33 (0.81) 
1.37 (0.86) 
1.40 (0.92) 

1.41 (0.91) 
1.40 (0.86) 
1.39 (0.83) 
1.39 (0.80) 
1.40 (0.80) 
1.42 (0.83) 
1.42 (0.81) 
1.41 (0.78) 
1.40 (0.75) 
1.40 (0.74) 
1.41 (0.74) 
1.42 (0.75) 

1.44 (0.78) 
1.47 (0.81) 
1.50 (0.86) 
1.54 (0.91) 
1.59 (0.97) 
1.63 (1.04) 
1.67 (1.08) 
1.71 (1.13) 
1.73 (1.16) 
1.74 (1.16) 
1.75 (1.19 
1.76 (1.15) 

1.35 (0.80) 
1.38 (0.80) 
1.46 (0.87) 
1.23 (0.71) 
1.23 (0.71) 
1.23 (0.71) 

B5S3 
v.r. t 
1.11 (1.81) 
1.13 (1.39) 
1.14 (1.24) 
1.17 (1.22) 
1.19 (1.20) 
1.19 (1.11) 
1.20 (1.07) 
1.21 (1.05) 
1.22 (1.02) 
1.23 (1.00) 
1.23 (0.99) 

1.26 (0.95) 
1.26 (0.89) 
1.22 (0.68) 
1.16 (0.45) 
1.10 (0.29) 
1.07 (0.17) 
1.03 (0.07) 
0.99 (-0.02) 
0.% (-0.10) 
0.93 (-0.19 
0.90 (-0.23) 
0.84 (-0.34) 

0.77 (-0.46) 
0.71 (-057) 
0.68 (-0.63) 
0.64 (-0.68) 
0.63 (-0.68) 
0.64 (-0.66) 
0.63 (-0.66) 
0.58 (-0.73) 
0.56 (-0.79 
0.55 (-0.76) 
0.54 (-0.76) 
0.53 (-0.77) 

0.52 (-0.77) 
0.52 (-0.76) 
0.53 (-0.73) 
0.54 (-0.71) 
0.56 (-0.67) 
0.57 (-0.69 
0.57 (-0.64) 
0.55 (-0.66) 
0.52 (-0.69) 
0.49 (-0.73) 
0.48 (-0.74) 
0.45 (-0.77) 

0.83 (-0.31) 
0.73 (-0.46) 
0.68 (-052) 
0.58 (-0.73) 
0.52 (-0.77) 
0.45 (-0.77) 

B1S4 
v.r. t 
1.04 (0.64) 
1.07 (0.79) 
1.02 (0.16) 
0.99 (-0.06) 
0.98 (-0.12) 
0.98 (-0.14) 
1.00 (-0.02) 
0.98 (-0.09) 
0.% (-0.18) 
0.95 (-0.24) 
0.% (-0.17) 

1.02 (0.08) 
1.08 (0.32) 
1.16 (0.57) 
1.23 (0.74) 
1.33 (1.01) 
1.40 (1.17) 
1.48 (1.34) 
1.54 (1.46) 
1.63 (1.63) 
1.75 (1.86) 
1.86 (108) 
1.97 (127) 

2.07 (142) 
2.15 (154) 
2.24 (166) 
2.33 (180) 
2.44 (199 
2.54 (3.10) 
2.62 (3.19) 
2.70 (3.28) 
2.78 (3.37) 
2.86 (3.49 
2.93 (3.51) 
2.98 (3.59 

3.03 (3.58) 
3.07 (3.59) 
3.11 (3.60) 
3.14 (3.60) 
3.17 (3.61) 
3.21 (3.62) 
3.25 (3.63) 
3.28 (3.64) 
3.30 (3.63) 
3.31 (3.61) 
3.31 (3.56) 
3.30 (3.52) 

1.97 (118) 
2.31 (163) 
2.54 (187) 
1.26 (0.82) 
1.26 (0.82) 
1.26 (0.82) 

B2S4 
v.r. t 
1.09 (1.39) 
1.17 (1.81) 
1.15 (1.22) 
1.13 (0.90) 
1.11 (0.70) 
1.10 (0.59) 
1.08 (0.45) 
1.04 (0.18) 
1.00 (-0.01) 
0.98 (-0.11) 
0.97 (-0.14) 

1.06 (0.22) 
1.14 (0.48) 
1.17 (0.54) 
1.18 (0.56) 
1.28 (0.80) 
1.35 (0.94) 
1.39 (1.00) 
1.43 (1.07) 
1.52 (1.23) 
1.58 (1.34) 
1.62 (1.39) 
1.65 (1.41) 

1.70 (1.48) 
1.76 (1.56) 
1.81 (1.62) 
1.85 (1.66) 
1.91 (1.74) 
1.98 (1.83) 
2.05 (1.94) 
2.11 (100) 
2.18 (110) 
2.26 (119) 
2.32 (125) 
2.35 (127) 

2.41 (134) 
2.50 (149 
2.56 (151) 
2.59 (153) 
2.64 (157) 
2.67 (159) 
2.69 (159) 
2.69 (156) 
2.71 (159 
2.73 (159 
2.73 (153) 
2.73 (151) 

1.67 (1.41) 
1.90 (1.71) 
2.10 (1.92) 
1.21 (0.64) 
1.21 (0.64) 
1.21 (0.64) 

B3S4 
v.r. t 
1.14 (128) 
1.18 (100) 
1.16 (1.46) 
1.11 (0.90) 
1.06 (0.40) 
1.01 (0.05) 
0.93 (-0.42) 
0.88 (-0.69 
0.85 (-0.78) 
0.84 (-0.78) 
0.86 (-0.69 

0.92 (-0.34) 
0.90 (-0.38) 
0.88 (-0.40) 
0.89 (-0.36) 
0.87 (-0.39) 
0.86 (-0.39) 
0.84 (-0.43) 
0.80 (-0.52) 
0.77 (-0.57) 
0.75 (-0.60) 
0.69 (-0.72) 
0.61 (-0.88) 

0.56 (-0.94) 
0.52 (-1.01) 
0.47 (-1.10) 
0.43 (-1.19 
0.39 (-1.21) 
0.34 (-1.27) 
0.31 (-1.30) 
0.32 (-1.26) 
0.32 (-1.23) 
0.33 (-1.19) 
0.35 (-1.14) 
0.36 (-1.11) 

0.36 (-1.08) 
0.38 (-1.04) 
0.39 (-1.01) 
0.41 (-0.97) 
0.43 (-0.92) 
0.45 (-0.88) 
0.46 (-0.89 
0.47 (-0.82) 
0.48 (-0.79) 
0.48 (-0.79) 
0.47 (-0.80) 
0.47 (-0.80) 

0.61 (-0.84) 
0.52 (-0.93) 
0.51 (-0.91) 
0.31 (-1.30) 
0.31 (-1.30) 
0.31 (-1.30) 

return horizon ranging from 2 months to 120 months. Variance ratios are those in the column denoted by "v.r." Numbers inside parentheses in the column 
denoted by'V are variance ratio / values. If the absolute value of a t value is greater than 1.96, the variance ratio is significantly different from one tt the 5 
percentleveL AVS, AVM,«nd AVL are respectively the arithmetic means of the relevant measures (either variance ratios or t values) for the horizons 
between 25 months and 72 months, between 25 months and 96 months, and between 25 months and 120 months. MNS, MNM, and MNL are respectively the 
minima of the relevant measures (either variance ratios or t values) for the horizons between 25 months and 72 months, between 25 months and 96 months, 
and between 25 months and 120 months. The variiuice of monthly observations is the base variaiia 

dissertation). Variance ratio t values are based on equation (B.19) of this dissertation, which is dewdoped by Lo ard MacKinlay (1988) under the 
assumption that random variables of interest are sexiaUy unccanekted and rieteroscedasticafly disttftuted. Residual returns for month t + \ , «^+ 1 , is obtained 

by the cross sectional regression: NR^-RF,^ =y0Lt + r i A , +yxfiJ + r i A / + '^+i • * = 1 ^ M»u+I isthe.. . (continued on next page) 
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Table 4.25 (continued) 

B5S5 Cj B 4 S 4 B5S4 B1S5 B1S5 RTSS RM 
v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v r t 

2 1.03(0.40) 1.02(0.41) 1.00 (-0.02) 1.06(0.94) 1.14(1.52) 1.04(0.48) 1.04(067) 
3 1.03 (0.39 102 (0.22) 0.91 (-0.82) 1.07 (0.76) 1.18 (1.43) 1.01 (0.08) 1.03 (031) 
4 0.97 (-0.26) 1.04(0.38) 0.86 (-0.97) 1.08(0.69) 1.24(1.54) 1.03(0.26) 0.%(-0 30) 
5 0.97 (-0.22) 1.06(0.49) 0.84 (-1.00) 1.10(0.73) 1.23(1.32) 1.08(0.51) 0.94(0 42) 
6 0.94 (-0.41) 1.06(0.42) 0.85(0.79) 1.10(0.66) 1.20(1.03) 1.07(0.40) 0.90 (-0 63) 
7 0.93 (-0.41) 1.04(0.28) 0.88 (-0.59) 1.07(0.43) 1.17(0.79) 1.03(0.14) 0.83 (-099 
8 0.94 (-0.39 1.03(0.15) 0.89 (-0.52) 1.05(0.26) 1.15(0.64) 0.98 (-0.08) 0.76 (-120) 
9 0.94 (-0.33) 1.02(0.10) 0.87 (-0.57) 1.02(0.11) 1.13(0.54) 0.94 (-0.29) 0.72 (-131) 
10 0.%(-0.17) 1.01(0.05) 0.85 (-0.61) 1.01(0.09 1.15(0.58) 0.89 (-0.47) 0.70 (-134) 
11 0.99 (-0.09 1.01(0.05) 0.85 (-0.58) 1.00(0.02) 1.15(0.57) 0.85 (-0.62) 0.66 (-1.43) 
12 1.04(0.16) 1.01(0.06) 0.86 (-0.50) 1.00 (-0.01) 1.17(0.59) 0.83 (-0.68) 0.63 (-1.47) 

15 1.20(0.79) 1.08(0.30) 0.86 (-0.49 1.00(0.02) 1.19(0.59) 0.81 (-0.70) 0.55 (-1.56) 
18 1.32(1.15) 1.12(0.42) 0.87 (-0.40) 0.99 (-0.09 1.17(0.49) 0.82 (-0.58) 0.49 (-1.62) 
21 1.44(1.45) 1.14(0.45) 0.82 (-0.51) 0.92 (-0.29 1.12(0.33) 0.82 (-0.57) 0.41(1.72) 
24 1.59(1.80) 1.15(0.46) 0.80(-0.52) 0.87(0.41) 1.09(0.24) 0.81 (-0.59 0.39(-1.67) 
27 1.73(112) 1.20(0.59) 0.76 (-0.60) 0.86 (-0.42) 1.09(0.22) 0.84 (-0.44) 0.38 (-1.59) 
30 1.88(141) 1.25(0.68) 0.73 (-0.69 0.85 (-0.41) 1.05(0.12) 0.88 (-0.31) 0.37 (-1.54) 
33 2.03(171) 1.27(0.71) 0.68 (-0.74) 0.85(0.40) 1.01(0.03) 0.93 (-0.17) 0.37 (-1.47) 
36 118(197) 1.31(0.78) 0.66 (-0.76) 0.84(0.42) 0.94(0.13) 0.97 (-0.08) 0.37 (-1.41) 
39 132(3.21) 1.34(0.84) 0.66(-0.74) 0.81 (-0.48) 0.88(0.26) 0.99(-0.02) 0.38 (-1.37) 
42 2.48(3.47) 1.37(0.86) 0.66(-0.70) 0.81 (-0.49 0.84(0.33) 1.01(0.02) 0.37(-1.34) 
45 2.64(3.74) 1.38(0.87) 0.68 (-0.64) 0.81 (-0.43) 0.80 (-0.42) 1.02(0.05) 0.35 (-1.39 
48 2.81(3.99) 1.38(0.85) 0.68(-0.64) 0.81 (-0.44) 0.75(0.50) 1.05(0.10) 0.33(1.39 

51 2.99(4.27) 1.37(0.80) 0.67(-0.64) 0.81 (-0.42) 0.71(0.58) 1.07(0.15) 0.34(1.29) 
54 3.15(4.50) 1.36(0.75) 0.66(-0.63) 0.83 (-0.37) 0.68(0.61) 1.10(0.20) 0.35 (-1.29 
57 3.30(4.70) 1.32(0.65) 0.68 (-0.59) 0.86 (-0.29) 0.66 (-0.64) 1.13(0.27) 0.34 (-1.24) 
60 3.45(4.88) 1.26(0.52) 0.69(-0.57) 0.87(-0.26) 0.61(0.72) 1.16(0.32) 0.32(-1.29 
63 3.59(5.05) 1.20(0.39) 0.70(-0.53) 0.87(-0.26) 0.56(0.79) 1.18(0.35) 0.30(-1.26) 
66 3.71(5.17) 1.16(0.30) 0.73 (-0.47) 0.89(-0.22) 0.54(0.81) 1.20(0.39) 0.29(-1.27) 
69 3.82(5.25) 1.13(0.24) 0.76(0.41) 0.91 (-0.18) 0.52(0.83) 1.21(0.40) 0.28(-1.29 
72 3.93(5.39 1.07(0.14) 0.80(-0.34) 0.91 (-0.17) 0.49(0.87) 1.22(0.41) 0.27(-1.24) 
75 4.03(5.43) 0.99(-0.02) 0.83 (-0.28) 0.92(-0.19 0.47(0.89) 1.24(0.44) 0.27(-1.22) 
78 4.10(5.46) 0.92 (-0.14) 0.87 (-0.22) 0.93 (-0.12) 0.46 (-0.90) 1.27(0.48) 0.28 (-1.20) 
81 4.16(5.46) 0.86 (-0.29 0.88 (-0.19) 0.%(-0.08) 0.43 (-0.94) 1.30(0.52) 0.28 (-1.18) 
84 4.23(5.49) 0.79 (-0.36) 0.88 (-0.19) 0.97 (-0.09 0.41 (-0.%) 1.32(0.56) 0.28 (-1.16) 

87 4.31(5.53) 0.74 (-0.44) 0.87 (-0.20) 0.97 (-0.09 0.40 (-0.97) 1.34(0.59) 0.28 (-1.14) 
90 4.37(5.54) 0.69(-0.51) 0.86(-0.22) 0.95(-0.08) 0.38(0.98) 1.36(0.60) 0.28(-1.12) 
93 4.42(5.54) 0.67 (-0.59 0.84 (-0.24) 0.94 (-0.11) 0.38 (-0.96) 1.37(0.61) 0.27 (-1.13) 
96 4.46(5.51) 0.64 (-0.57) 0.82 (-0.27) 0.91 (-0.19 0.39(0.94) 1.38(0.62) 0.26 (-1.13) 
99 4.50(5.50) 0.62 (-0.61) 0.81 (-0.28) 0.87 (-0.20) 0.38 (-0.99 139(0.62) 0.27 (-1.11) 
102 4.54(5.49) 0.61 (-0.62) 0.79(-0.30) 0.83 (-0.26) 0.36(0.96) 1.40(0.63) 0.27(-1.09) 
105 4.57(5.47) 0.61 (-0.61) 0.79 (-0.30) 0.80 (-0.31) 0.35 (-0.97) 1.42(0.66) 0.27 (-1.07) 
108 4.61(5.46) 0.61 (-0.61) 0.81 (-0.28) 0.77 (-0.39 0.31 (-1.01) 1.45(0.70) 0.28 (-1.09 
111 4.64(5.43) 0.60 (-0.61) 0.82 (-0.29 0.74 (-0.40) 0.28 (-1.04) 1.48(0.73) 0.30(-1.02) 
114 4.64(5.37) 0.61 (-0.59) 0.84 (-0.23) 0.69 (-0.47) 0.24 (-1.09) 1.49(0.75) 0.30 (-1.01) 
117 4.65(5.31) 0.62 (-0.57) 0.85 (-0.20) 0.64 (-0.59 0.20(1.14) 1.51(0.77) 0.30 (-0.99) 
120 4.63(5.23) 0.62(-0.56) 0.86(-0.19) 0.59(0.61) 0.17(-1.16) 1.54(0.81) 0.30(-0.99) 

AVS 2.83(3.91) 1.28(0.63) 0.70(-0.61) 0.85(-0.36) 0.77(0.42) 1.05(0.08) 0.34(-1.39 
AVM 3.30(4.44) 1.12(0.31) 0.75 (-0.48) 0.88 (-0.27) 0.65(0.59) 1.14(0.24) 0.32 (-1.29) 
AVL 3.62(4.68) 0.99(0.09) 0.77(-0.42) 0.85(-0.30) 0.57(0.70) 1.22(0.39 0.31 (-1.23) 
MNS 1.64(193) 1.07(0.14) 0.66(-0.76) 0.80(0.48) 0.49(0.87) 0.81 (-0.53) 0.27(-1.64) 
MNM 1.64(1.93) 0.64(-0.57) 0.66(-0.76) 0.80(-0.48) 0.38(0.98) 0.81 (-0.53) 0.26(-1.64) 
MNL 1.64(1-93) 0.60(-0.62) 0.66(-0.76) 0.59(0.61) 0.17(1.16) 0.81(0.53) 0.26(-1.64) 

portfolio is nominal value-weighted return for month f + 1 , RFt+l is the t-bill rate for month f + 1 . Portfolio is b^t, s^ .and k^ are obtained through 

the following OLS time series regression: AERUi=au, + b^AERM; + s^AESMBj + k^AEHMLj +tuj,. y = f-59,. . . ,f . A£» i ; is the annual excess 

return of portfolio i . AERM-, is the annual excess return of the market portfolio consisting all the stocks in the 25 annually adjusted book-to-market/rize 

portfolios. AESMB: is the annualized size risk premium. AEHML- is the annualized book-to-market risk premium. The annual measures at the end of 

month j are obtained by compounding the 12 monthly measures preceding the beginning of month y' + l . For a detailed description of how these regressions 

are nm, see section 3.3.3 of this dissertation. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

5.1 Linkage with Previous Research 

There have been a great deal of efforts in finance literature to explain the behavior 

of stock prices. In particular, Fama and French (1988a, b), and Poterba and Summers 

(1988) document that there are stationary components in stock prices. The conclusion 

about mean reversion in stock returns is based on the finding of significantly negative 

autocorrelation in long-horizon stock returns. Fama and French (1988a, b) indicate that 

stationary price components are consistent with market efficiency. In particular, they 

argue that mean reversion in stock returns is induced by mean reverting expected returns. 

On the other hand, Poterba and Summers (1988) suggest that stationary price components 

are caused by the long swing of stock prices away from their fundamental values. 

This research examines the issue regarding stationary price components with some 

extensions of previous research. The first line of the extension is that instead of focusing 

on the price behavior of the market portfolio(s), this research looks at the stock price 

behavior primarily at subportfolio levels. The second line of extension is that relative to 

previous research, the issue regarding the implication of stationary price components for 

market efficiency is investigated from another new dimension in such a way that the 

autocorrelation structure in ex post stock returns, expected returns, and residual returns is 

all examined. In particular, expected returns are generated either by the Capital Asset 

Pricing Model or by the three-factor model proposed by Fama and French (1993,1995, 

1996a). The third line of extension is that unlike previous research which concentrates 

only on the autocorrelation in stock returns at long horizons with annual increments, this 

research examines the autocorrelation structure in stock returns at horizons from 2 months 

to 120 months with monthly increments. The fourth line of extension is that this research 

investigates whether there is any impact on the test for the existence of stationary price 

components from differences in portfolio formation approaches. In particular, an annual 
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adjustment size portfolio formation approach is compared with a crawl forward (i.e., no 

adjustment once portfoUos are formed) size portfoUo formation approach in that regard. 

5.2 Empirical Findings of the Research 

The empirical testing of this dissertation focuses on three different kinds of 

portfoUos: one is the annuaUy adjusted size portfolio; another one is the annually adjusted 

book-to-market/size portfolio; the other is the crawl forward (i.e., no adjustment once 

portfoUos are formed) size portfolio. A variance ratio test is used to examine 

autocorrelation in excess returns, expected excess returns, and residual returns. In 

particular, expected excess returns and residual returns are generated either by the Capital 

Asset Pricing Model or by the Fama-French three-factor model. Furthermore, these two 

pricing models are implemented under a cross sectional regression approach. 

5.2.1 A Summary of Empirical Results Regarding Significandy 
Positive Autocorrelation in Excess Returns 

The empirical results indicate that annuaUy adjusted size portfoUos are more likely 

to have significantly positive autocorrelation in their excess returns (at the 5 percent 

significance level) than crawl forward size portfolios. In particular, annuaUy adjusted size 

portfoUos with low size ranks tend to have significantly positive autocorrelation in their 

excess returns, while annuaUy adjusted size portfoUos with high size ranks are likely to 

have seriaUy uncorrelated excess returns. This relationship between the size rank of an 

annuaUy adjusted size portfolio and the significantly positive autocorrelation in the 

portfolio's excess returns is further supported by the empirical observation that annuaUy 

adjusted book-to-market/size portfolios with low size dimension ranks tend to have 

significantly positively autocorrelated excess returns, whereas there is no such relationship 

between the book-to-market ratio dimension rank of an annually adjusted book-to-

market/size portfoUo and the significantly positive autocorrelation in the portfolio's excess 

returns. On the other hand, the size rank of a crawl forward portfoUo bears no linkage 

with the significantly positive autocorrelation in excess returns of the portfoUo. To be 

more specific, crawl forward size portfoUos with significandy positive autocorrelation in 
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their excess returns tend to scatter all over the 25 size ranks. Therefore, annuaUy adjusted 

portfolios with low size ranks tend to have significantly positively autocorrelated excess 

returns, while there is no obvious pattern for significantly positive autocorrelation in 

excess returns of crawl forward portfolios. 

Another interesting observation regarding the significantly positive autocorrelation 

in excess returns lies in the difference in the return horizons at which the significantly 

positive autocorrelation happens between annually adjusted portfolios and crawl forward 

portfoUos. For the annuaUy adjusted portfoUos, the significandy positive autocorrelation 

in excess returns always happens at short horizons (up only to 9 months). In particular, 

the majority of the significantly positive autocorrelation in excess returns occurs within the 

4-month horizon. However, for the crawl forward portfoUos, the significantly positive 

autocorrelation happens at both short and long horizons; to be more precise, it may occur 

toward the end of the 10-year horizon. The difference in the structure of significant 

autocorrelation in excess returns between these two types of portfolios may be primarily 

induced by the fact that a security is forced to switch across different portfolios under the 

annual adjustment portfoUo formation approach, while under the crawl forward portfolio 

formation approach, a security stays in the same portfoUo during the whole sample period 

as long as it survives the sample period The portfoUo switch phenomenon induced by the 

annual adjustment to the content of a portfolio is likely to interrupt the continuation of 

individual stock price behavior. It is conceivable that this portfoUo switch phenomenon 

can have more impact on the autocorrelation in long-horizon returns than on the 

autocorrelation in short-horizon returns. In fact, this assertion is supported by the 

empirical result of this dissertation that significant autocorrelation for annually adjusted 

portfoUos occurs only at short horizons, while significant autocorrelation for crawl 

forward portfoUos happens at both short and long horizons. 

However, the portfolio switch phenomenon cannot explain why in general, 

annually adjusted size portfoUos are more likely to have significandy positive 

autocorrelation in their excess returns than crawl forward size portfoUos. In particular, as 

previously mentioned, annuaUy adjusted portfolios with low size ranks are more likely to 
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have significantly positive autocorrelation in their excess returns than annually adjusted 

portfolios with high size ranks, while this is not the case for crawl forward portfolios. It 

was argued in section 4.2.1.3 of this dissertation that the difference in the ways in which 

these two types of portfolios are formed may contribute to this observation. In particular, 

the annual adjustment size portfolio formation approach seems to induce significantly 

positive autocorrelation in excess returns of low size-rank portfolios. Furthermore, it was 

also shown that the annual adjustment size portfolio formation approach has more impact 

on the autocorrelation structure of AMEX stock returns than on the autocorrelation 

structure of NYSE stock returns in that regard. Therefore, the annual adjustment size 

portfolio formation approach appears to create securities with unique idiosyncracy that 

cannot be found in other securities. However, I do not have a good explanation for this 

smaU size phenomenon. Nevertheless the observations that annuaUy adjusted size 

portfolios are more likely to have significant autocorrelation in their excess returns than 

crawl forward size portfolios and that annually adjusted portfolios with low size ranks are 

more likely to have significandy positive autocorrelation in their excess returns than 

annually adjusted portfolios with high size ranks add new mysterious elements to the long 

known small size effect that annually adjusted portfoUos with low size ranks tend to have 

higher average returns than annuaUy adjusted portfoUos with high size ranks. 

5.2.2 A Summary of Empirical Results Regarding 
Autocorrelation in Long-horizon Excess Returns 

With regard to the statistical implication of stationary price components, although 

the majority of the annually adjusted portfoUos and the crawl forward portfolios have 

smaUer-than-one variance ratios in their excess returns at long horizons, particularly 

between 25 months and 96 months, none of these portfoUos has significandy negative 

autocorrelation in excess returns at the 5 percent level. However, some portfolios 

(specifically, about 20 percent of all the portfoUos examined in this dissertation) have 

negative autocorrelation significantly different from zero around or within the 20 percent 

level. In particular, the most significant one is at the 10 percent level. 
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In general, crawl forward portfoUos exhibit stronger statistical impUcations of 

stationary price components than annually adjusted portfolios in the sense that t values of 

smaUer-than-one variance ratios at long horizons for the crawl forward portfoUos are 

greater in absolute values than those for the annually adjusted portfoUos. It was argued 

that this observation regarding the statistical impUcation of stationary price components 

under these two different portfolio formation approaches may be explained by the 

portfolio switch story just mentioned. This is because the most important statistical 

implication of stationary price components is that stock returns are negatively 

autocorrelated at long horizons and because the portfolio switch phenomenon has a bigger 

effect on the long-horizon autocorrelation structure than on the short-horizon 

autocorrelation structure. In particular, the portfolio switch phenomenon may mitigate the 

importance of statistical impUcations of stationary components in prices of an annually 

adjusted portfoUos. In addition, this effect wiU be worsened when factors, if any exist, 

that move stationary price components do not have an even impact on every individual 

stock at any given point in time. In this sense, tests for the existence of stationary price 

components are better carried out by the crawl forward portfolio formation approach than 

by the annual adjustment portfolio formation approach. On the other hand, it was 

demonstrated that under either of the two portfolio formation approaches, across the 25 

size ranks, NYSE stocks have stronger statistical implications of stationary price 

components than AMEX stocks. Furthermore, NYSE stocks appear to have stronger 

statistical impUcations of stationary price components in more recent periods. 

The index (market) portfolio which includes aU the stocks in the 25 subportfoUos 

under each portfolio formation approach does not have stronger statistical impUcations of 

stationary price components than the 25 subportfoUos. This indicates that the market 

portfoUo tends to conceal the importance of stationary price components in that it mingles 

stocks which have important stationary price components with stocks which have 

inconsequent stationary price components. Therefore, tests for the existence of stationary 

price components should not be implemented by only looking at the price behavior of the 

market portfolio. In particular, previous research which focuses on the autocorrelation in 
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the market portfolio returns tends to understate the importance of stationary price 

components. The empirical results also indicate that the importance of stationary price 

components differs across the 25 subportfoUos regardless of how the 25 portfolios are 

formed. This may imply that the role of stationary components in determining the stock 

price behavior is different across individual stocks. In other words, since the portfolio 

formation approaches used in the dissertation do not appear to separate stocks from one 

another in terms of the importance of stationary price components, the empirical results 

regarding the importance of stationary price components reported in this dissertation tend 

to be underestimated. 

From the preceding discussion, the power of tests for the existence of stationary 

price components can be seriously affected by the portfoUo formation approach and by the 

measure (i.e., attribute) used to allocate individual stocks to different portfolios. In 

addition, Summers(1986), and Poterba and Summers (1988) document that there is 

tremendous statistical difficulty involved in detecting the stationary price component in 

stock prices, if any exists. Therefore, the statistical results reported in this dissertation 

regarding the existence of stationary price components may be weU understated. 

Although they do not offer statistically significant (at the 5 percent level) evidence for the 

existence of stationary price components, they at least indicate that there is a tendency for 

stock returns to revert towards their mean. Furthermore, as previously alluded, these 

mean reverting tendencies appear to differ across individual securities. 

5.2.3 A Summary of Empirical Results Regarding Implications 
of Stationary Price Components for Market Efficiency 

For the annually adjusted size and crawl forward size portfolios, the Capital Asset 

Pricing Model is used to extract expected excess returns from (ex post) excess returns, 

while the Fama-French three-factor model is used to estimate expected excess returns for 

the annuaUy adjusted book-to-market/size portfolios. Under the Capital Asset Pricing 

Model approach, in the cross sectional regression of excess returns on betas, the beta 

coefficient estimate shows up significantly positively different from zero for the annually 

adjusted size portfolios, whereas this is not the case for the crawl forward size portfolios. 
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It was argued that these results do not contradict each other in that average excess returns 

for the crawl forward size portfolios tend to crowd together so that the test for the 

predictive power of betas on returns is not implemented in an efficient manner. As to the 

cross sectional regression for the three-factor model, coefficient estimates for the market 

risk factor loading and the book-to-marke risk factor loading show up significantly 

different from zero, whUe the coefficient estimate for the size risk factor loading does not. 

The results indicate that expected excess returns generated either by the CAPM or 

by the three-factor model have a sirrrilar autocorrelation structure (particularly, a mean 

reverting structure) to their corresponding excess returns. However, there is no 

significant change (particularly, decrease) in the importance of statistical impUcations of 

stationary price components for residual returns relative to that for the corresponding 

excess returns. This says that either of the two pricing models cannot fuUy explain the 

r̂nean reversion phenomenon in stock returns. If one insists that these pricing models are 

correct, then these results can be taken as evidence against market efficiency. In other 

words, there exists conditional mean reversion in stock returns. However, the conclusion 

against market efficiency seems a bit strong, since as previously mentioned, at least under 

the cross sectional regression approach, the validity of the CAPM and the three-factor 

model is quite sensitive to the choice of portfolio formation. Nevertheless, the result does 

indicate that at least under the way in which the test in this dissertation is implemented, the 

stationary component in stock prices is not fully induced by mean reverting expected 

returns generated either by the CAPM or by the three-factor model. 

5.3 Suggestions for Future Research 

Just as with the finding by Fama and French (1988b), the empirical results in this 

dissertation indicate that the market portfoUos (i.e., those which include all the stocks in 

the 25 subportfoUos in this dissertation) have their strongest statistical impUcations of 

stationary price components at the horizons between 3 and 5 years. However, as shown in 

this dissertation, not all the subportfoUos have the same result as the market portfoUos in 

that regard. This says that the length of time period for stationary price components to 
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fade away may be different across individual stocks. When securities with different 

stationary component fade-away periods are grouped into a portfolio, the statistical 

implication of stationary price components may be affected. Understanding how this can 

affect the statistical implication of stationary price components may enable us to test for 

the existence of stationary price components in a more effective manner. In particular, it 

seems interesting to contrast me mean reverting structure in returns of portfolios which 

consist of stocks with sirmlar stationary component fade-away periods with that in returns 

of portfolios which include randomly chosen stocks with different stationary component 

fade-away periods. 

As previously indicated, tests for the existence of stationary price components are 

not necessarily implemented in an efficient manner in the sense that they tend to mitigate 

the importance of stationary price components. This leads to another interesting question: 

what kind of stock is more likely to have stationary price components? If these attributes 

are identified, tests for the existence of stationary price components can be implemented in 

a more effective way by grouping stocks together according to these attributes. However, 

identifying these attributes, if any exist, appears to be full of chaUenge. 

Some preUminary results of the dissertation indicate that the annual adjustment size 

portfolio formation process contributes to the effect that size has on the autocorrelation 

structure in excess returns in the sense that annually adjusted size portfolios are more 

likely to have significantly positive autocorrelation in short-horizon returns than crawl 

forward size portfoUos; in particular, annually adjusted portfolios with low size ranks tend 

to have significantly positively autocorrelated excess returns and annually adjusted 

portfoUos with high size ranks never have significantly positively autocorrelated excess 

returns, whUe crawl forward size portfolios have no such obvious regularity. More 

thorough tests should be performed to further identify the unique impact of the annual 

adjustment size portfoUo formation approach on the autocorrelation structure in stock 

returns. In addition, explaining why the annual adjustment size portfolio formation 

approach has such an effect on the autocorrelation structure in stock returns can be a 

challenging task. 
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APPENDLX A 

A RANDOM WALK STOCK PRICE WITH A DRIFT TERM 

DOEST NOT IMPLY THAT STOCK RETURNS 

ARE SERIALLY UNCORRELATED 

This appendix is to show that E[Rit+x CI,] = S/pit does not necessarily imply that 

Rit+X are seriaUy uncorrelated. Putting it another way, this is in fact to show that a 

random walk with a drift term does not necessarily imply that stock returns are serially 

uncorrelated. 

Proof: 

Since Rit is in CI, and since the goal here is to investigate whether or not 

Cov(Rit+x,Rit) is equal to zero, without loss of generality, the following proof 

concentrates only on whether E[Rit+x Rit] = 8/pi>t impUes that Cov(Rit+x,Rit) = 0. 

Moreover, since i could refer to any security including a portfoUo, I omit the 

subscript/ in the foUowing proof. Let {ry} denote the set of possible outcomes of 

Rj. By the law of iterated expectations: 

E[R,] = ERJE[R,\R,.X]] 

= 1 E[Rt\R,_x=r,_x]f(r,_x)dr,_x=) — f (r,_x)dr,_x, (A.l) 
Ji-t '-1 Pt-i 

£[*r+iJ = 1 ElRJRt = rM(rt)dr, = J — f(r,)dr,. (A.2) 

f(rt+iSt), 8 f r, D w f JVt+i^t) _, o 
E[R,+xRt] = jriirt+if(rt+iRt = rt)dr,+x = J^r,+x f{^ dr,+x=-
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I rt+if(rt+l,r,)dr,+l=—f(r,) 
Pt 

I rt+irtf(rt+x,r,)dr,+x=—r,f(r,) 
Pt 

lX/t+irtf(rt+x,r,)drt+xdr, = [ — r,f(r,)dr, =SJ— r,f(r,)dr, 

E[R,+xR,] = Sljr,f(r,)dr, (A3) 

FoUowing from equations (A.l), (A.2), and (A.3): 

Cov(Rt+x,R,) = E[R,+XR,]-E[R,+X]E[R,] 

= (^/fc>*)^ (A.4) 

It is conceivable that equation (A.4) is not necessarily equal to zero. I now offer a 

simple example to demonstrate this assertion. Suppose that Rj are identicaUy 

distributed over time such that E[R,+X ]E[R, J = S K where A" is a constant. That is, 

E[Rj ] = 5K. Suppose further that there is no dividend payment. It follows that 

Cov(R,+1,R,) = E[R,+XR,]-E[R,+l]E[R,] 

1 .Pt = d[—(—-l)f(r,)dr,-82K2 

Jr>Pt Pt-i 

= S\ —f<r,)dr, -Sj —f(r,)dr, -S2K 
Jr. n Jr. n ""• A - i 

= E[R,]-E[R,+X]-S2K2 =-82K2. 
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The fourth equality foUows from the observation that since /?; are identically 

r 8 r 8 
distributed, we can have f(rt)dr, = f(r,_x)dr,_x =E[R,]. This proves 

Jr> Pt-i Jr'1 Pt-i 

that E[Rit+x\Cl,] = 8/pit does not necessarily imply that Rit+X areseriaUy 

uncorrelated. 
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APPENDLX B 

USING A VARIANCE RATIO TEST TO EXAMINE 

AUTOCORRELATION IN RANDOM VARIABLES 

The appendix wUl first provide a discussion of the fundamental concept behind a 

variance ratio test. Then it wUl review the variance ratio test proposed by Lo and 

Mackinlay (1988). FinaUy, an empirical test design of the variance ratio for a specific time 

series wUl be laid out. 

B.l Fundamental Concepts behind a Variance Ratio Test 

Consider the following model for stock prices: 

H, = In P, - In P,_x =r + £, (B.l) 

where H, is the continuously compounded return from time t -1 to time t, In P, is the 

(natural) logarithm of the stock price at time t, Cl,_x is the information available at time 

t -1, and £, is the error term. Note that equation (B. 1) is a stock price random walk 

model with a constant drift term r. Recall also that a random walk does not necessarily 

require that £, be independently and identicaUy distributed (i.e., i.i.d.), but requires only 

that £, be independently distributed. For the moment, £, are assumed to be i.i.d.. This 

assumption wUl be relaxed later in the foUowing discussion. There are several methods 

avaUable for examining whether or not £, (and H,) in equation (B.l) are independently 

distributed (or serially uncorrelated).135 Fama and French (1988b) employ a regression 

test to examine the time series behavior of stock returns. Poterba and Summers (1988) 

apply a variance ratio test to examine whether or not stock returns are seriaUy 

uncorrelated. Moreover, Poterba and Summers (1988) perform Monte Carlo simulations 

135 As emphasized throughout this dissertation, empiricaUy we cannot distinguish 
between £, being independently distributed and £, being seriaUy uncorrelated. 
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concerning Type II errors of the above two tests. They find that the variance ratio test is 

more powerful than the regression test in the sense that the Type II error of the variance 

ratio test is less than the Type II error of the regression test. Therefore, this dissertation 

adopts the variance ratio test to investigate the time series behavior of stock returns. 

However, Poterba and Summers (1988) also point out that the variance ratio test stiU has 

little power to discover a stationary component in stock prices. Therefore, they suggest 

that "a sensible balancing of Type I and Type II errors suggests using critical values above 

the conventional 0.05 level" (p. 28). 

Now rewrite equation (B. 1) in the foUowing formats: 

lnP,-lnP,_x=H,_x,=r + £,_u, (B.2) 

In P, - In P,_Q = H,_QJ =Qr + £,.QJ (B.3) 

where Q = 1,2,- • • -136 Equation (B.3) can be further rewritten as follows: 

H,_Q>, = (ln/> -lnP,_x) + (lnP,.x - In Pf_2)+•••+(In Pf_e+1 -\nP,_Q) 

= H,_u +H,_2,_X +-+//,-fi,H2+l <B-4> 

= (r + et-u) + (' + £t-2,-i )+ • • •+( ' + £,-Q,,-Q+I ) = Qr + £,-Q,t 

It follows that: 

Var(£,.Qtt) =Var(£,_XJ +£t.2.t-i +~'+£t-Q,t-Q+i) 

= Var(£,_x<,)+Var(£,_2j.l)+-+Var(£t_Q,_Q+x) 

136 Lo and MacKinlay (1989, p. 225) show that when Q/T is large (where T is 
the sample size), the large sample theory of the variance ratio test becomes unreliable. 
They suggest that Q should be smaUer than one half of the sample size. 
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V^£t-Q,t) %Var(£,_Qt) 
£ = ~ : =1- (B.5) 
LVar(£,_j,_j+x) ^Var(£,_jt,_j+1) 
>=i y=i 

Under the assumption that £, are i.i.d. with a common variance a 2 , Var(£,_Qt) is equal 

to QVar(£,_Xt), which is Qo2. Note that equation (B.5) holds even if £, are not 

identically distributed In fact, equation (B.5) is the fundamental idea behind a variance 

ratio test Furthermore, note that equation (B.5) is derived only under the assumption that 

£, are seriaUy uncorrelated but not necessarily under the assumption that £, are 

independently distributed. Therefore, the following discussion of a variance ratio test is 

still valid even when £, are seriaUy uncorrelated. 

B.2 Lo and MacKinlay's (1988) Variance Ratio Test 

Suppose that there are NQ +1 observations: In P0,In Px ,• • •,In PNQ. Then the 

following sample statistics can be obtained: 

NQ 

r=7kZ0 n A- ln / , *- i ) , (B-6) 
*=i 

NQ 

61 = -fe £ (In P„ - In />,_, -f)\ (B.l) 
k=l 

al(Q) = i * 5 > l * o » -In V o -Qff • (B.8) 
k=l 

Lo and MacKinlay (1988) refine these sample estimators by using both overlapping 

observations137 and unbiased variance estimators such that: 

137 The use of overlapping observations makes an estimator more efficient and a 
test more powerful. See Hansen and Hodrick (1980), Lo and MacKinlay (1988), and, 
Richardson and Smith (1991). 
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<T2 = 

NQ 

NQ 
~{L(\nPk-\nPk_x-r)2, 

1 *=i 

oz(Q) = -!-^ 2 
NQ 

Q(NQ-Q + l)(l-^)t -Y(\nPk-\nPk»-Qr)2 

(B.9) 

(B.10) 

Under the assumption that £, are independendy and identically distributed normal random 

variables (i.e., i.i.n.d.) with (0,a2), Lo and MacKinlay (1988) derive the following 

asymptotic distribution:138 

JNQ 
ro2(Q)_^ 

K * a J 
= JNQV(Q)-^-+N 

r 
0, 

2(2(2 -D(g- D) 
3<2 

JNQV(Q) 

\2(2Q-l)(Q-l) 

3(2 

N(O,I), (B.ll) 

However, there has been evidence that the volatility of stock returns changes over time. 

Therefore, the i.i.n.d. assumption seems a bit strong and should be relaxed. Under die 

nuU hypothesis that £, are seriaUy uncorrelated and heteroscedasticaUy distributed, Lo and 

MacKinlay (1988) further derive the foUowing heteroscedasticity-robust asymptotic 

distribution:139 

JNQV(Q) 

$(Q) 
+ N(0,l) (B.12) 

138 See Lo and MacKinlay (1988, Theorem 2, p. 47). 

139 For a detaUed description of the nuU hypothesis, see Lo and MacKinlay (1988, 
p. 49). Equation (B.12) is taken from Lo and MacKinlay (1988, Theorem 3, p. 50). For a 
derivation of equation (B.12), see Lo and MacKinlay (1988, appendix). 
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where 0(0 = £ [ ^ f SO), 

NQ 

NQ £ (In P„ - In J»w - ff (In />t_y - In Pk_hl -f): 

SU) = " w
 r,,„ =j 

tQnPt-InP^-ff 
t=l 

Note that 5(%/) is a heteroscedasticity-consistent estimator of jth -order autocorrelation, 

p(7),in £,. 

B.3 AppUcation of the Variance Ratio Test 
to a Specific Time Series 

In the preceding discussion, the time series behavior of increments of the logarithm 

of stock prices was examined. However, researchers typicaUy examine the time series 

behavior of holding period returns rather than the time series behavior of increments of the 

logarithm of stock prices when they test for the random walk hypothesis.140 Therefore, 

this subsection starts with a discussion of the procedure of testing whether holding period 

returns R, are seriaUy uncorrelated. It then foUows a discussion of the appUcation of the 

variance ratio test to residual returns and time-varying expected returns. Suppose that 

there are NQ observations: RX,-,RNQ. Define Y, as foUows: 

r,=5> k 
* - l 

f-1 

r.-i^XX-E**"*. <B-1 3> 
J k = l * = 1 

t-Q 

I 
*=1 *=1 t-Q+l 

Y, -Yt-Q = t,Rk-lLRk=yLRk= Rt-Q+i +• • -+Rt-i + R, • (B. 14) 

140 Sections 2.3.3 and 2.3.4 of this dissertation had a detailed discussion of the 
subtle difference between these two cases. 
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Substituting Y, for InP, in equations (B.6), (B.9), (B.10), and (B.12): 

NQ 

NQ 1 i»u 
"2 V"* 
jR=~NQ^\h(Rt -R)\ 

k=\ 

*\(.Q) = i; 
NQ 

fl(JVB-fi+lxi-*)£S I*, 
\j=k-Q+l 

-[2 

-QR 

Ji.2 

vs(Q)^ 
oi(Q) 

J^l - 1 , 

(B.15) 

(B.16) 

(B.17) 

(B.18) 

JNQVR(Q) 

J0R(Q) 
+ N(0,l) 

Q-\ 

where 9R(Q) = ^[^]28R(j), 

NQ 

NQjt(Rt-R?(Rt-j -RY 

NQ 

^(Rk-R)7 

k=l 

(B.19) 

Now consider the following return generating model: 

R,=E[R, Cl,_x] + e,= r,+e, 

=> Rt-rt=et. 

If r, is the true time t time-varying expected return, market efficiency requires that e, be 

seriaUy uncorrelated. Therefore, given the assumption that the model for time-varying 
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expected return is the correct one, one approach to testing for market efficiency is to 

examine whether e, are seriaUy uncorrelated. Now suppose that there are NQ 

observations: ex, • • •, eNQ. Furthermore, define X, as foUows: 

1=1 

r f - 1 

xt-x,_x = ^i-Y,ei=et 
i=l i=l 

t-Q 

X,-X,_Q =Y,ei-^lei =e,_Q+x+~-+e,_x+e, 

(B.20) 

(B.21) 
1=1 i=i 

It can be seen that except for notational difference, equations (B.20) and (B.21) are, 

respectively, the same as equations (B.13) and (B.14). Therefore, the results of equations 

(B.15) to (B.19) can be applied to examine whether or not e, are seriaUy uncorrelated. 

The test procedure can be summarized as follows: 

1 i*U 1 "SI 

1 NQ , NQ 

Ji.2 ai(Q) = 
1 Ye 
Q(NQ-Q+W-TSST)."LUMM ) 

NQ 

I 
( k \ 

"|2 

-Qe 

V.(fl,.£gU. 

(B.22) 

(B.23) 

(B.24) 

(B.25) 

+ N(0,l) (B.26) 
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G-l 

4(G) = Z 
y=i 

~2(Q-j) 

Q 

2 

W £(«*" ̂  («*-; "ft2 

A , .. *=>+l d«w)~ 'NQ 

_*=i 

A \ 2 
• C ) 

2 

Since the procedure for examining whether there is autocorrelation in time-varying 

expected returns resembles those of testing whether holding period returns are serially 

uncorrelated and whether residual returns are seriaUy uncorrelated, it is not discussed here 

in order to avoid redundancy. It can be seen from the preceding discussion that the 

variance ratio test offers a great deal of flexibUity which allows us to examine whether 

there is significant autocorrelation in a specific time series. 
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APPENDIX C 

REFERENCE TABLE 
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T a b l e d 
Variance Ratios and Their i.i. n.d. t Values for Value-weighted Excess 

Returns of AnnuaUy Adjusted Size Portfolios of NYSE and 
AMEX Stocks from June 1932 to December 1996 

Q 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
111 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

AS1 
v.r. 
1.19 
1.26 
1.23 
1.18 
1.14 
1.11 
1.08 
1.07 
1.09 
1.12 
1.15 

1.12 
1.07 
1.05 
0.98 
0.94 
0.90 
0.88 
0.88 
0.90 
0.91 
0.92 
0.92 

0.92 
0.92 
0.90 
0.87 
0.86 
0.84 
0.83 
0.81 
0.79 
0.79 
0.78 
0.78 

0.78 
0.77 
0.76 
0.74 
0.74 
0.73 
0.72 
0.72 
0.72 
0.72 
0.72 
0.73 

0.89 
0.85 
0.82 
0.81 
0.74 
0.72 

t 
(5.30) 
(4.92) 
(3.36) 
(2.35) 
(1.62) 
( l .U) 
(0.78) 
(0.62) 
(0.75) 
(0.97) 
(111) 

(0.77) 
(0.42) 
(0.27) 
[-0.12) 
[-0.30) 
(-0.46) 
(-0.52) 
(-0.49) 
(-0.39) 
(-0.33) 
(-0.28) 
(-0.29) 

(-0.28) 
(-0.27) 
(-0.33) 
(-0.40) 
(-0.43) 
(-0.47) 
(-0.50) 
(-0.54) 
(-0.59) 
(-0.58) 
(-0.58) 
(-0.59) 

(-0.59) 
(-0.60) 
(-0.61) 
(-0.63) 
(-0.63) 
(-0.65) 
(-0.66) 
(-0.66) 
(-0.65) 
(-0.64) 
(-0.62) 
(-0.60) 

(-0.39) 
(-0.45) 
(-0.50) 
(-0.54) 
(-0.63) 
(-0.66) 

AS2 
v.r. 
1.20 
1.25 
1.17 
1.11 
1.07 
1.02 
0.97 ( 
0.94 ( 
0.96 < 
0.98 < 
1.01 

0.96 ( 
0.92 ( 
0.901 
0.841 
0.79 < 
0.76 
0.74 
0.75 
0.77 
0.78 
0.79 
0.78 

0.79 
0.79 
0.78 
0.76 
0.75 
0.74 
0.73 
0.72 
0.71 
0.71 
0.71 
0.70 

0.70 
0.69 
0.68 
0.67 
0.67 
0.67 
0.66 
0.65 
0.65 
0.64 
0.64 
0.64 

0.77 
0.74 
0.72 
0.72 
0.67 
0.64 

t 
(5.54) 
(4.58) 
(2.46) 
(1.40) 
(0.77) 
(0.19) 
-0.26) 
-0.51) 
-0.36) 
-0.12) 
(0.08) 

[-0.23) 
[-0.50) 
[-0.57) 
[-0.84) 
[-1.01) 
(-1.09) 
(-1.12) 
(-1.05) 
(-0.92) 
(-0.83) 
(-0.77) 
(-0.76) 

(-0.73) 
(-0.70) 
(-0.72) 
(-0.77) 
(-0.77) 
(-0.78) 
(-0.78) 
(-0.79) 
(-0.80) 
(-0.79) 
(-0.79) 
(-0.80) 

(-0.79) 
(-0.80) 
(-0.80) 
(-0.81) 
(-0.80) 
(-0.80) 
(-0.81) 
(-0.82) 
(-0.81) 
(-0.81) 
(-0.81) 
(-0.79) 

(-0.85) 
(-0.83) 
(-0.83) 
(-1.13) 
(-1.13) 
(-1.13) 

AS3 
v.r. 
1.20 
1.28 
1.25 
1.20 
1.15 
1.11 
1.07 
1.05 
1.06 
1.09 
1.12 

1.09 
1.04 
1.03 
0.961 
0.93 < 
0.901 
0.901 
0.911 
0.94 
0.96 
0.97 
0.% 

0.95 
0.95 
0.92 
0.88 
0.86 
0.84 
0.82 
0.80 
0.78 
0.77 
0.75 
0.74 

0.73 
0.72 
0.71 
0.69 
0.69 
0.69 
0.68 
0.67 
0.68 
0.68 
0.68 
0.69 

0.91 
0.85 
0.81 
0.80 
0.69 
0.67 

t 
(5.64) 
(5.25) 
(3.66) 
(2.56) 
(1.72) 
(1.10) 
(0.67) 
(0.41) 
(0.51) 
(0.74) 
(0.90) 

(0.57) 
(0.23) 
(0.14) 
[-0.19) 
[-0.35) 
(-0.43) 
1-0.44) 
(-0.35) 
(-0.23) 
(-0.16) 
(-0.11) 
(-0.15) 

(-0.16) 
(-0.18) 
(-0.27) 
(-0.39) 
(-0.44) 
(-0.49) 
(-0.53) 
(-0.57) 
(-0.62) 
(-0.64) 
(-0.67) 
(-0.70) 

(-0.71) 
(-0.73) 
(-0.74) 
(-0.76) 
(-0.75) 
(-0.75) 
(-0.76) 
(-0.76) 
(-0.74) 
(-0.73) 
(-0.72) 
(-0.69) 

(-0.32) 
(-0.44) 
(-0.52) 
(-0.57) 
(-0.76) 
(-0.77) 

AS4 
v.r. t 
1.19 (5.41) 
1.25 (4.75) 
1.22 (3.23) 
1.18 (2.23) 
1.14 (1.62) 
1.11 (1.16) 
1.09 (0.81) 
1.07 (0.61) 
1.10 (0.81) 
1.14 (1.10) 
1.18 (1.31) 

1.13 (0.83) 
1.10 (0.57) 
1.08 (0.43) 
1.02 (0.09) 
0.98 (-0.10) 
0.96 (-0.17) 
0.95 (-0.20) 
0.97 (-0.14) 
0.99 (-0.03) 
1.01 (0.02) 
1.01 (0.02) 
0.99 (-0.02) 

0.99 (-0.03) 
0.98 (-0.05) 
0.96 (-0.12) 
0.93 (-0.22) 
0.91 (-0.27) 
0.90 (-0.31) 
0.88 (-0.34) 
0.87 (-0.37) 
0.85 (-0.42) 
0.84 (-0.45) 
0.82 (-0.49) 
0.81 (-0.51) 

0.79 (-0.54) 
0.78 (-0.57) 
0.77 (-0.58) 
0.75 (-0.61) 
0.75 (-0.62) 
0.74 (-0.63) 
0.72 (-0.66) 
0.71 (-0.67) 
0.71 (-0.66) 
0.71 (-0.66) 
0.71 (-0.65) 
0.71 (-0.63) 

0.96 (-0.14) 
0.91 (-0.26) 
0.86 (-0.36) 
0.87 (-0.37) 
0.75 (-0.61) 
0.71 (-0.67) 

AS5 
v.r. t 
1.18 (4.87) 
1.26 (4.86) 
1.24 (3.57) 
1.20 (2.51) 
1.16 (1.81) 
1.11 (1.10) 
1.07 (0.68) 
1.05 (0.44) 
1.07 (0.55) 
1.10 (0.75) 
1.12 (0.88) 

1.08 (0.53) 
1.05 (0.31) 
1.05 (0.27) 
1.00 (0.00) 
0.97 (-0.16) 
0.95 (-0.23) 
0.94 (-0.27) 
0.95 (-0.21) 
0.97 (-0.12) 
0.98 (-0.08) 
0.97 (-0.09) 
0.96 (-0.15) 

0.95 (-0.17) 
0.94 (-0.21) 
0.91 (-0.28) 
0.88 (-0.37) 
0.87 (-0.40) 
0.86 (-0.43) 
0.85 (-0.45) 
0.83 (-0.48) 
0.82 (-0.52) 
0.80 (-0.55) 
0.78 (-0.59) 
0.77 (-0.61) 

0.76 (-0.64) 
0.74 (-0.68) 
0.72 (-0.70) 
0.71 (-0.72) 
0.70 (-0.72) 
0.70 (-0.73) 
0.69 (-0.74) 
0.68 (-0.76) 
0.68 (-0.75) 
0.67 (-0.75) 
0.67 (-0.74) 
0.67 (-0.73) 

0.93 (-0.25) 
0.87 (-0.37) 
0.83 (-0.46) 
0.83 (-0.48) 
0.71 (-0.72) 
0.67 (-0.76) 

AS6 
v.r. t 
1.24 (6.81) 
1.32 (5.92) 
1.26 (3.80) 
1.20 (2.56) 
1.16 (1.80) 
1.11 (1.14) 
1.06 (0.60) 
1.04 (0.36) 
1.06 (0.52) 
1.10 (0.79) 
1.13 (0.96) 

1.06 (0.42) 
0.99 (-0.07) 
0.% (-0.23) 
0.89 (-0.54) 
0.86 (-0.67) 
0.85 (-0.70) 
0.84 (-0.69) 
0.86 (-0.59) 
0.88 (-0.47) 
0.89 (-0.40) 
0.91 (-0.34) 
0.90 (-0.36) 

0.90 (-0.35) 
0.90 (-0.35) 
0.88 (-0.38) 
0.86 (-0.44) 
0.86 (-0.44) 
0.85 (-0.44) 
0.86 (-0.42) 
0.85 (-0.43) 
0.84 (-0.44) 
0.84 (-0.45) 
0.83 (-0.47) 
0.82 (-0.47) 

0.81 (-0.48) 
0.80 (-0.51) 
0.80 (-0.51) 
0.79 (-0.53) 
0.78 (-0.53) 
0.78 (-0.53) 
0.77 (-0.54) 
0.76 (-0.56) 
0.76 (-0.55) 
0.75 (-0.56) 
0.75 (-0.57) 
0.75 (-0.56) 

0.87 (-0.47) 
0.85 (-0.47) 
0.83 (-0.49) 
0.84 (-0.70) 
0.79 (-0.70) 
0.75 (-0.70) 

AS7 
v.r. t 
1.20 (5.46) 
1.26 (4.91) 
1.22 (3.33) 
1.19 (2.41) 
1.16 (1.82) 
1.13 (1.30) 
1.09 (0.85) 
1.07 (0.63) 
1.10 (0.78) 
1.13 (1.00) 
1.15 (1.14) 

1.09 (0.59) 
1.04 (0.22) 
1.02 (0.10) 
0.95 (-0.27) 
0.90 (-0.46) 
0.89 (-0.51) 
0.88 (-0.52) 
0.89 (-0.45) 
0.91 (-0.34) 
0.92 (-0.30) 
0.91 (-0.32) 
0.89 (-0.40) 

0.88 (-0.42) 
0.87 (-0.45) 
0.84 (-0.50) 
0.82 (-0.56) 
0.81 (-0.57) 
0.81 (-0.58) 
0.80 (-0.57) 
0.80 (-0.58) 
0.79 (-0.60) 
0.77 (-0.62) 
0.76 (-0.65) 
0.75 (-0.67) 

0.73 (-0.69) 
0.72 (-0.72) 
0.71 (-0.73) 
0.70 (-0.75) 
0.69 (-0.75) 
0.68 (-0.76) 
0.67 (-0.78) 
0.66 (-0.80) 
0.65 (-0.80) 
0.65 (-0.80) 
0.64 (-0.80) 
0.64 (-0.79) 

0.87 (-0.47) 
0.83 (-0.53) 
0.79 (-0.60) 
0.80 (-0.58) 
0.70 (-0.75) 
0.64 (-0.80) 

ASS 
v.r. t 
1.21 (5.93) 
1.28 (5.30) 
1.23 (3.44) 
1.19 (2.47) 
1.18 (2.07) 
1.16 (1.65) 
1.14 (1.30) 
1.13 (1.12) 
1.16 (1.30) 
1.20 (1.55) 
1.22 (1.66) 

1.16 (1.08) 
1.11 (0.64) 
1.09 (0.47) 
1.01 (0.06) 
0.98 (-0.11) 
0.96 (-0.16) 
0.% (-0.17) 
0.98 (-0.09) 
1.00 (0.01) 
1.02 (0.06) 
1.02 (0.06) 
1.00 (-0.01) 

0.98 (-0.06) 
0.97 (-0.10) 
0.94 (-0.20) 
0.91 (-0.30) 
0.89 (-0.33) 
0.88 (-0.36) 
0.88 (-0.36) 
0.87 (-0.37) 
0.86 (-0.40) 
0.84 (-0.43) 
0.83 (-0.47) 
0.82 (-0.48) 

0.81 (-0.51) 
0.79 (-0.53) 
0.79 (-0.54) 
0.77 (-0.56) 
0.78 (-0.55) 
0.77 (-0.55) 
0.76 (-0.57) 
0.75 (-0.57) 
0.76 (-0.56) 
0.76 (-0.55) 
0.76 (-0.53) 
0.77 (-0.50) 

0.95 (-0.15) 
0.91 (-0.26) 
0.87 (-0.33) 
0.87 (-0.37) 
0.77 (-0.56) 
0.75 (-0.57) 

AS9 
v.r. t 
1.19 (5.28) 
1.24 (4.54) 
1.18 (2.64) 
1.12 (1.51) 
1.08 (0.92) 
1.03 (0.26) 
0.98 (-0.18) 
0.97 (-0.30) 
1.00 (-0.04) 
1.03 (0.21) 
1.03 (0.25) 

0.96 (-0.24) 
0.91 (-0.53) 
0.89 (-0.59) 
0.84 (-0.83) 
0.80 (-0.93) 
0.79 (-0.97) 
0.78 (-0.95) 
0.79 (-0.87) 
0.80 (-0.77) 
0.81 (-0.70) 
0.82 (-0.67) 
0.81 (-0.66) 

0.81 (-0.65) 
0.81 (-0.63) 
0.80 (-0.66) 
0.77 (-0.72) 
0.76 (-0.74) 
0.75 (-0.75) 
0.75 (-0.75) 
0.74 (-0.75) 
0.73 (-0.77) 
0.72 (-0.78) 
0.71 (-0.79) 
0.70 (-0.79) 

0.69 (-0.80) 
0.68 (-0.82) 
0.67 (-0.83) 
0.66 (-0.85) 
0.65 (-0.85) 
0.64 (-0.85) 
0.63 (-0.87) 
0.62 (-0.88) 
0.62 (-0.88) 
0.61 (-0.88) 
0.61 (-0.88) 
0.60 (-0.88) 

0.79 (-0.76) 
0.76 (-0.78) 
0.73 (-0.80) 
0.74 (-0.97) 
0.66 (-0.97) 
0.60 (-0.97) 

Monthly excess return is the difference between monthly nominal return and t-bill rate for the month. ASi is the tth annually adjusted 
size ranked portfoUo. The annually adjusted size portfolios are formed by evenly dividing the NYSE/AMEX .... (continued on next page) 
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T a b l e d (continued) 

AS10 ASH AS12 AS13 ASH AS15 AS16 AS17 AS18 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

51 
54 
57 
60 
63 
66 
69 
72 
75 
78 
81 
84 

87 
90 
93 
96 
99 
102 
105 
108 
HI 
114 
117 
120 

AVS 
AVM 
AVL 
MNS 
MNM 
MNL 

v.r. t 
1.17 (4.73) 
1.25 (4.61) 
1.23 (3.39) 
1.19 (2.47) 
1.17 (1.92) 
1.13 (1.36) 
1.10 (0.96) 
1.08 (0.72) 
1.09 (0.76) 
1.11 (0.88) 
1.13 (0.%) 

1.06 (0.39) 
1.00 (0.01) 
0.97 (-0.18) 
0.90 (-0.53) 
0.85 (-0.73) 
0.82 (-0.80) 
0.81 (-0.81) 
0.82 (-0.73) 
0.85 (-0.61) 
0.86 (-0.55) 
0.86 (-0.52) 
0.84 (-0.56) 

0.84 (-0.55) 
0.83 (-0.55) 
0.82 (-0.59) 
0.80 (-0.64) 
0.79 (-0.66) 
0.78 (-0.67) 
0.77 (-0.66) 
0.77 (-0.67) 
0.75 (-0.69) 
0.75 (-0.70) 
0.73 (-0.72) 
0.73 (-0.72) 

0.72 (-0.73) 
0.71 (-0.75) 
0.70 (-0.75) 
0.69 (-0.76) 
0.69 (-0.75) 
0.69 (-0.76) 
0.68 (-0.77) 
0.67 (-0.77) 
0.67 (-0.76) 
0.67 (-0.76) 
0.66 (-0.75) 
0.67 (-0.73) 

0.82 (-0.64) 
0.79 (-0.67) 
0.76 (-0.69) 
0.77 (-0.81) 
0.69 (-0.81) 
0.66 (-0.81) 

v.r. t 
1.19 (5.30) 
1.25 (4.62) 
1.18 (2.70) 
1.13 (1.59) 
1.09 (1.07) 
1.05 (0.54) 
1.01 (0.14) 
0.99 (-0.08) 
1.01 (0.06) 
1.04 (0.29) 
1.05 (0.38) 

0.99 (-0.09) 
0.93 (-0.40) 
0.91 (-0.49) 
0.85 (-0.76) 
0.81 (-0.93) 
0.79 (-0.96) 
0.77 (-0.98) 
0.77 (-0.93) 
0.79 (-0.84) 
0.79 (-0.78) 
0.79 (-0.77) 
0.78 (-0.79) 

0.77 (-0.77) 
0.77 (-0.76) 
0.76 (-0.77) 
0.74 (-0.81) 
0.73 (-0.81) 
0.73 (-0.82) 
0.73 (-0.80) 
0.72 (-0.79) 
0.72 (-0.80) 
0.71 (-0.80) 
0.70 (-0.81) 
0.70(0.81) 

0.69 (-0.82) 
0.67 (-0.83) 
0.67 (-0.84) 
0.65 (-0.86) 
0.65 (-0.85) 
0.64 (-0.86) 
0.63 (-0.87) 
0.63 (-0.87) 
0.63 (-0.86) 
0.62 (-0.86) 
0.62 (-0.85) 
0.62 (-0.84) 

0.77 (-0.83) 
0.74 (-0.83) 
0.72 (-0.83) 
0.72 (-0.98) 
0.65 (-0.98) 
0.62 (-0.98) 

v.r. t 
1.18 (4.97) 
1.24 (4.55) 
1.20 (2.93) 
1.16 (2.09) 
1.16 (1.79) 
1.13 (1.35) 
1.10 (0.96) 
1.09 (0.76) 
1.11 (0.93) 
1.15 (1.19) 
1.17 (1.27) 

1.10 (0.64) 
1.04 (0.22) 
1.00 (0.01) 
0.93 (-0.36) 
0.88 (-0.58) 
0.85 (-0.67) 
0.84 (-0.71) 
0.84 (-0.66) 
0.85 (-0.58) 
0.86 (-0.52) 
0.86 (-0.52) 
0.84 (-0.55) 

0.84 (-0.56) 
0.83 (-0.57) 
0.82 (-0.60) 
0.80 (-0.64) 
0.79 (-0.64) 
0.79 (-0.63) 
0.79 (-0.60) 
0.80 (-0.59) 
0.79 (-0.59) 
0.79 (-0.59) 
0.78 (-0.59) 
0.78 (-0.58) 

0.78 (-0.58) 
0.77 (-0.58) 
0.77 (-0.58) 
0.76 (-0.60) 
0.76 (-0.59) 
0.75 (-0.60) 
0.75 (-0.60) 
0.74 (-0.61) 
0.74 (-0.60) 
0.74 (-0.59) 
0.74 (-0.58) 
0.75 (-0.56) 

0.83 (-0.60) 
0.81 (-0.59) 
0.80 (-0.59) 
0.79 (-0.71) 
0.76 (-0.71) 
0.74 (-0.71) 

v.r. t 
1.16 (4.46) 
1.19 (3.64) 
1.14 (2.02) 
1.10 (1.21) 
1.08 (0.93) 
1.05 (0.52) 
1.02 (0.18) 
0.99 (-0.07) 
1.00 (0.00) 
1.02 (0.17) 
1.03 (0.26) 

0.97 (-0.20) 
0.91 (-0.55) 
0.88 (-0.66) 
0.81 (-0.95) 
0.77 (-1.12) 
0.74 (-1.16) 
0.72 (-1.18) 
0.72 (-1.13) 
0.74 (-1.03) 
0.74 (-0.97) 
0.75 (-0.92) 
0.74 (-0.92) 

0.74 (-0.90) 
0.73 (-0.89) 
0.72 (-0.92) 
0.69 (-0.97) 
0.68 (-0.98) 
0.67 (-0.98) 
0.68 (-0.95) 
0.67 (-0.94) 
0.66 (-0.95) 
0.66 (-0.95) 
0.65 (-0.95) 
0.65 (-0.93) 

0.64 (-0.93) 
0.63 (-0.94) 
0.63 (-0.94) 
0.62 (-0.95) 
0.62 (-0.93) 
0.62 (-0.92) 
0.61 (-0.92) 
0.61 (-0.92) 
0.61 (-0.89) 
0.61 (-0.88) 
0.62 (-0.86) 
0.63 (-0.82) 

0.72 (-1.00) 
0.70 (-0.98) 
0.68 (-0.96) 
0.67 (-1.18) 
0.62 (-1.18) 
0.61 (-1.18) 

v.r. t 
1.16 (4.39) 
1.20 (3.76) 
1.13 (1.95) 
1.09 (1.15) 
1.09 (1.04) 
1.08 (0.79) 
1.06 (0.58) 
1.05 (0.42) 
1.06 (0.52) 
1.09 (0.67) 
1.09 (0.68) 
1.02 (0.14) 
0.95 (-0.27) 
0.91 (-0.50) 
0.82 (-0.90) 
0.77 (-1.10) 
0.74 (-1.18) 
0.72 (-1.22) 
0.71 (-1.17) 
0.72 (-1.09) 
0.73 (-1.02) 
0.73 (-0.98) 
0.72 (-0.99) 

0.71 (-0.98) 
0.71 (-0.96) 
0.70 (-0.97) 
0.68 (-1.00) 
0.67 (-1.00) 
0.66 (-1.01) 
0.67 (-0.98) 
0.67 (-0.95) 
0.66 (-0.94) 
0.66 (-0.94) 
0.65 (-0.94) 
0.65 (-0.93) 

0.64 (-0.93) 
0.64 (-0.93) 
0.63 (-0.92) 
0.63 (-0.92) 
0.63 (-0.91) 
0.62 (-0.92) 
0.61 (-0.93) 
0.60 (-0.94) 
0.60 (-0.92) 
0.59 (-0.92) 
0.59 (-0.92) 
0.59 (-0.90) 

0.71 (-1.04) 
0.69 (-1.00) 
0.67 (-0.98) 
0.66 (-1.22) 
0.63 (-1.22) 
0.59 (-1.22) 

v.r. t 
1.20 (5.54) 
1.26 (4.81) 
1.21 (3.06) 
1.17 (2.13) 
1.15 (1.72) 
1.12 (1.19) 
1.08 (0.79) 
1.07 (0.61) 
1.10 (0.81) 
1.14 (1.07) 
1.15 (1.08) 
1.07 (0.46) 
1.01 (0.03) 
0.97 (-0.17) 
0.89 (-0.56) 
0.84 (-0.77) 
0.81 (-0.85) 
0.80 (-0.86) 
0.81 (-0.78) 
0.82 (-0.69) 
0.83 (-0.64) 
0.83 (-0.64) 
0.81 (-0.68) 

0.79 (-0.71) 
0.78 (-0.72) 
0.76 (-0.77) 
0.74 (-0.82) 
0.73 (-0.83) 
0.72 (-0.83) 
0.73 (-0.80) 
0.73 (-0.78) 
0.72 (-0.78) 
0.71 (-0.79) 
0.70 (-0.80) 
0.70 (-0.80) 

0.69 (-0.80) 
0.68 (-0.81) 
0.68 (-0.82) 
0.67 (-0.82) 
0.67 (-0.81) 
0.66 (-0.81) 
0.66 (-0.81) 
0.65 (-0.81) 
0.66 (-0.79) 
0.66 (-0.78) 
0.66 (-0.76) 
0.67 (-0.74) 

0.79 (-0.76) 
0.76 (-0.77) 
0.73 (-0.78) 
0.72 (-0.87) 
0.67 (-0.87) 
0.65 (-0.87) 

v.r. 
1.17 
1.22 
1.15 
1.10 
1.08 
1.04 
1.00 
0.98 
1.00 
1.03 
1.04 

0.96 
0.89 
0.85 
0.77 
0.72 
0.70 
0.68 
0.68 
0.68 
0.68 
0.67 
0.65 

0.64 
0.64 
0.62 
0.60 
0.59 
0.58 
0.59 
0.59 
0.59 
0.58 
0.58 
0.58 

0.58 
0.57 
0.57 
0.56 
0.56 
0.56 
0.55 
0.55 
0.55 
0.55 
0.55 
0.56 

0.65 
0.62 
0.61 
0.58 
0.56 
0.55 

t 
4.66) 

11) 
2.24) 
1.30) 
0.96) 
0.43) 
0.03) 
0.14) 
;0.03) 
0.24) 
0.29) 

0.26) 
0.66) 
0.82) 
1.16) 
1.32) 
1.34) 
1.36) 
1.32) 
1.25) 
1.22) 
1.20) 
1.23) 

1.22) 
1.21) 
1.22) 
1.26) 
1.26) 
1.25) 
1.21) 
1.18) 
1.16) 
1.15) 
1.13) 
1.11) 

1.10) 
1.10) 
1.09) 
1.09) 
1.07) 
1.07) 
1.06) 
1.06) 
1.03) 
1.02) 
1.00) 
0.97) 

1.25) 
1.21) 
1.17) 
1.36) 
1.36) 
1.36) 

v.r. 
1.13 
1.18 
1.15 
1.11 
1.10 
1.07 
1.05 
1.03 
1.05 
1.07 
1.07 

0.99 
0.93 
0.89 
0.82 
0.78 
0.76 
0.74 
0.73 
0.73 
0.73 
0.73 
0.72 

0.71 
0.70 
0.70 
0.68 
0.67 
0.66 
0.65 
0.64 
0.63 
0.61 
0.60 
0.59 

0.58 
0.57 
0.56 
0.55 
0.55 
0.54 
0.53 
0.52 
0.51 
0.51 
0.50 
0.50 

0.71 
0.67 
0.63 
0.64 
0.55 
0.50 

t 
3.56) 
3.33) 
2.18) 
1.40) 
1.14) 
0.71) 
0.43) 
0.29) 
0.41) 
0.54) 
0.52) 

0.04) 
0.41) 
0.61) 
0.90) 
•1.04) 
1.09) 
1.13) 
1.10) 
1.06) 
1.01) 
0.99) 
1.01) 

•1.00) 
0.99) 
0.99) 
1.00) 
1.01) 
1.02) 
1.02) 
1.03) 
1.05) 
1.07) 
1.08) 
1.08) 

1.08) 
1.10) 
•1.10) 
1.11) 
1.11) 
1.12) 
1.12) 
1.13) 
1.13) 
1.12) 
1.12) 
1.10) 

1.03) 
1.05) 
1.06) 
1.13) 
1.13) 
1.13) 

v.r. t 
1.15 (4.23) 
1.19 (3.54) 
1.13 (1.91) 
1.09 (1.19) 
1.09 (0.96) 
1.05 (0.55) 
1.02 (0.19) 
1.00 (-0.04) 
1.01 (0.04) 
1.02 (0.14) 
1.02 (0.14) 

0.94 (-0.41) 
0.86 (-0.82) 
0.80 (-1.08) 
0.72 (-1.41) 
0.67 (-1.59) 
0.64 (-1.64) 
0.62 (-1.64) 
0.62 (-1.58) 
0.63 (-1.47) 
0.63 (-1.39) 
0.63 (-1.35) 
0.62 (-1.35) 

0.61 (-1.33) 
0.61 (-1.30) 
0.60 (-1.29) 
0.59 (-1.30) 
0.58 (-1.28) 
0.58 (-1.27) 
0.58 (-1.24) 
0.58 (-1.22) 
0.57 (-1.21) 
0.57 (-1.19) 
0.56 (-1.18) 
0.56 (-1.16) 

0.56 (-1.14) 
0.56 (-1.14) 
0.55 (-1.13) 
0.55 (-1.12) 
0.55 (-1.09) 
0.55 (-1.08) 
0.55 (-1.08) 
0.54 (-1.07) 
0.54 (-1.05) 
0.54 (-1.04) 
0.54 (-1.02) 
0.55 (-0.99) 

0.61 (-1.40) 
0.60 (-1.32) 
0.58 (-1.25) 
0.57 (-1.65) 
0.55 (-1.65) 
0.54 (-1.65) 

stocks into 25 groups according to the size (market equity) ranks of these individual stocks at the end of June of each year. MAS is the 
market portfolio consisting of the stocks in the 25 portfolios. Q is the return horizon ranging from 2 months to 120 months. Variance 
ratios are those in the column denoted by "v.r." Numbers inside parentheses in the column denoted by "t" are variance ratio t values. If 
the absolute value of a t value is greater than 1.96, the variance ratio is significantly different from one at the 5 percent level. AVS, 
AVM, and AVL are respectively the arithmetic means of the relevant measures (either variance ratios or t .... (continued on next page) 
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Table C. 1 (continued) 

Q AS 19 AS20 AS21 AS22 AS23 AS24 AS25 MAS 

v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t v.r. t 
2 1.16 (4.41) 1.13 (3.63) 1.14 (3.77) 1.12 (3.44) 1.11 (2.%) 1.08 (2.14) 1.05 (1.31) 1.09 (2.57) 
3 1.20 (3.73) 1.16 (2.92) 1.16 (3.00) 1.14 (162) 1.13 (2.43) 1.08 (1.54) 1.05 (0.90) 1.11 (2.03) 
4 1.14(2.15) 1.07(1.03) 1.08(1.19) 1.05(0.73) 1.07(1.10) 1.00(0.01) 0.99 (-0.09) 1.05(0.67) 
5 1.13(1.59) 1.01(0.18) 1.03(0.34) 1.00 (-0.03) 1.05(0.58) 0.97 (-0.39) 0.98 (-0.25) 1.02(0.24) 
6 1.14(1.61) 1.01(0.08) 1.02(0.19) 1.00 (-0.06) 1.06(0.73) 0.99 (-0.14) 1.01(0.13) 1.04(0.43) 
7 1.13(1.36) 0.98 (-0.19) 0.99 (-0.07) 0.% (-0.40) 1.05(0.54) 0.98 (-0.20) 1.01(0.09) 1.03(0.26) 
8 1.12(1.09) 0.95 (-0.46) 0.97 (-0.32) 0.93 (-0.67) 1.04(0.38) 0.97 (-0.31) 1.00 (-0.01) 1.01(0.09) 
9 1.11(0.94) 0.93 (-0.62) 0.94 (-0.49) 0.92 (-0.72) 1.04(0.31) 0.% (-0.35) 1.00 (-0.01) 1.00(0.02) 
10 1.13(1.07) 0.94 (-0.51) 0.96 (-0.35) 0.94 (-0.53) 1.06(0.48) 0.98(0.19) 1.02(0.14) 1.02(0.18) 
11 1.15(1.20) 0.96 (-0.33) 0.98 (-0.17) 0.% (-0.34) 1.08(0.65) 0.99 (-0.05) 1.03(0.26) 1.04(0.32) 
12 1.15(1.11) 0.95 (-0.37) 0.98 (-0.17) 0.95 (-0.37) 1.08(0.62) 0.99 (-0.07) 1.04(0.27) 1.04(0.32) 

15 1.07(0.44) 0.86 (-0.90) 0.89 (-0.69) 0.88 (-0.81) 1.02(0.11) 0.93(0.46) 1.00(0.02) 0.98 (-0.12) 
18 0.99 (-0.09) 0.80 (-1.21) 0.83 (-1.01) 0.81 (-1.15) 0.97 (-0.19) 0.87(0.77) 0.97 (-0.18) 0.93(0.44) 
21 0.93 (-0.40) 0.76 (-1.32) 0.79 (-1.16) 0.76 (-1.33) 0.92 (-0.43) 0.83 (-0.95) 0.93(0.38) 0.88 (-0.67) 
24 0.85 (-0.76) 0.69 (-1.55) 0.72 (-1.41) 0.69 (-1.59) 0.85 (-0.78) 0.76 (-1.24) 0.86 (-0.69) 0.80 (-1.00) 
27 0.80 (-0.94) 0.65 (-1.68) 0.68 (-1.53) 0.65 (-1.69) 0.80(0.95) 0.71 (-1.38) 0.83 (-0.83) 0.76 (-1.16) 
30 0.78 (-1.01) 0.62 (-1.69) 0.66 (-1.54) 0.63 (-1.68) 0.77 (-1.04) 0.69 (-1.40) 0.80 (-0.89) 0.73 (-1.22) 
33 0.76 (-1.04) 0.60 (-1.72) 0.64 (-1.55) 0.62 (-1.65) 0.75 (-1.07) 0.68 (-1.39) 0.78 (-0.93) 0.71 (-1.25) 
36 0.76 (-0.98) 0.59 (-1.68) 0.64 (-1.49) 0.63 (-1.53) 0.75 (-1.02) 0.68 (-1.32) 0.78 (-0.89) 0.71 (-1.19) 
39 0.76 (-0.93) 0.59 (-1.62) 0.63 (-1.44) 0.63 (-1.44) 0.76 (-0,96) 0.69 (-1.24) 0.79 (-0.83) 0.72 (-1.12) 
42 0.76 (-0.91) 0.59 (-1.56) 0.64 (-1.38) 0.63 (-1.38) 0.76 (-0.92) 0.69 (-1.16) 0.80 (-0.76) 0.72 (-1.06) 
45 0.75 (-0.92) 0.58 (-1.52) 0.63 (-1.35) 0.63 (-1.36) 0.75 (-0.92) 0.69 (-1.12) 0.80 (-0.71) 0.72 (-1.03) 
48 0.72 (-0.98) 0.57 (-1.52) 0.62 (-1.34) 0.60 (-1.40) 0.73 (-0.97) 0.69 (-1.09) 0.80 (-0.70) 0.71 (-1.03) 

51 0.71 (-1.00) 0.57 (-1.48) 0.62 (-1.31) 0.59 (-1.40) 0.71 (-0.98) 0.69 (-1.06) 0.81 (-0.66) 0.71 (-1.01) 
54 0.70 (-1.00) 0.58 (-1.41) 0.63 (-1.24) 0.58 (-1.39) 0.71 (-0.97) 0.70 (-1.00) 0.82 (-0.58) 0.71(0.95) 
57 0.68 (-1.03) 0.58 (-1.37) 0.63 (-1.20) 0.57 (-1.39) 0.70 (-0.97) 0.71 (-0.95) 0.84 (-0.51) 0.72 (-0.91) 
60 0.66 (-1.06) 0.57 (-1.35) 0.63 (-1.17) 0.56 (-1.40) 0.69 (-0.98) 0.71 (-0.92) 0.86 (-0.45) 0.72 (-0.89) 
63 0.65 (-1.06) 0.57 (-1.32) 0.63 (-1.14) 0.55 (-1.39) 0.69 (-0.96) 0.71 (-0.89) 0.87 (-0.39) 0.72 (-0.85) 
66 0.65 (-1.05) 0.57 (-1.29) 0.63 (-1.10) 0.54 (-1.39) 0.68 (-0.95) 0.71 (-0.86) 0.89(0.34) 0.73(0.82) 
69 0.66 (-1.00) 0.58 (-1.24) 0.64 (-1.05) 0.54 (-1.35) 0.69 (-0.91) 0.73 (-0.80) 0.91 (-0.28) 0.74 (-0.76) 
72 0 67 (-0.95) 0.58 (-1.19) 0.65 (-1.00) 0.54 (-1.32) 0.70 (-0.87) 0.74 (-0.74) 0.93 (-0.20) 0.75 (-0.71) 
75 0.67 (-0.93) 0.58 (-1.17) 0.66 (-0.97) 0.53 (-1.31) 0.70 (-0.85) 0.75 (-0.70) 0.94 (-0.16) 0.76 (-0.67) 
78 0 67 (-0.91) 0.58 (-1.15) 0.66 (-0.95) 0.53 (-1.30) 0.70 (-0.83) 0.76 (-0.67) 0.95(0.12) 0.76 (-0.65) 
81 0 67 (-0.90) 0.58 (-1.13) 0.66 (-0.92) 0.52 (-1.30) 0.70 (-0.81) 0.77 (-0.63) 0.97 (-0.09) 0.77(0.62) 
84 0.67 (-0.86) 0.59 (-1.10) 0.67 (-0.88) 0.52 (-1.28) 0.71 (-0.77) 0.79 (-0.57) 0.99 (-0.03) 0.78 (-0.57) 

87 0 68 (-0.84) 0.58 (-1.08) 0.67 (-0.85) 0.51 (-1.27) 0.72 (-0.74) 0.80 (-0.53) 1.00(0.01) 0.79 (-0.54) 
90 0 67 (-0.83) 0.58 (-1.07) 0.68 (-0.83) 0.51 (-1.26) 0.72 (-0.71) 0.81 (-0.49) 1.02(0.05) 0.80 (-0.51) 
93 0 68 (-0.82) 0.58 (-1.05) 0.68 (-0.79) 0.51 (-1.24) 0.73 (-0.68) 0.82 (-0.45) 1.04(0.10) 0.81(0.47) 
96 0 67 (-0.81) 0.58 (-1.04) 0.69 (-0.76) 0.51 (-1.22) 0.74 (-0.65) 0.83 (-0.41) 1.06(0.15) 0.83 (-0.43) 
99 0 6 8 (-079) 0.59 (-1.01) 0.71 (-0.72) 0.52(-1.18) 0.75 (-0.60) 0.85 (-0.36) 1.09(0.22) 0.85 (-0.38) 
102 0 6 7 (-0.78) 0.59(-0.98) 0.72(-0.68) 0.52(-1.16) 0.77 (-0.56) 0.87 (-0.31) 1.11(0.27) 0.86 (-0.34) 
105 0 6 7 (-0.77) 0.59(-0.96) 0.73 (-0.65) 0.52(-1.14) 0.77 (-0.53) 0.89 (-0.27) 1.14(0.32) 0.87 (-0.30) 
108 0 6 7 (-0.77) 0.59 (-0.95) 0.73 (-0.62) 0.52(-1.12) 0.78 (-0.51) 0.90(-0.24) 1.16(0.37) 0.89(-0.26) 
111 0 68 (-0.74) 0.60 (-0.92) 0.75 (-0.58) 0.53 (-1.09) 0.80 (-0.47) 0.92 (-0.19) 1.19(0.43) 0.91(0.21) 
114 0 68 (-073) 0.61 (-0.89) 0.76 (-0.55) 0.53 (-1.07) 0.81 (-0.44) 0.93 (-0.15) 1.21(0.49) 0.92 (-0.17) 
117 0*69 (-070) 0.61 (-0.87) 0.77 (-0.52) 0.54 (-1.04) 0.82 (-0.39) 0.95 (-0.11) 1.24(0.54) 0.94 (-0.13) 
120 0/70 (-0.66) 0.62 (-0.84) 0.79 (-0.47) 0.55 (-1.00) 0.85(0.34) 0.98 (-0.05) 1.28(0.61) 0.97 (-0.07) 

AVS 0 72 (-099) 0 59 (-1.49) 0.64 (-1.31) 0.60 (-1.45) 0.73 (-0.96) 0.70 (-1.09) 0.83 (-0.63) 0.72 (-1.00) 
AVM 070 (-0.95) 0.59 (-1.36) 0.65 (-1.17) 0.57 (-1.39) 0.72(-0.90) 0.73 (-0.92) 0.88 (-0.43) 0.74 (-0.86) 
AVL 070-0.90) 0.59 (-1.25) 0.67 (-1.03) 0.56 (-1.32) 0.74 (-0.80) 0.77 (-0.74) 0.96 (-0.23) 0.78 (-0.71) 
MNS 0 65 (-1.07) 0.57 (-1.72) 0.62 (-1.55) 0.54 (-1.70) 0.68 (-1.07) 0.67 (-1.40) 0.78 (-0.93) 0.71 (-1.25) 
MNM 0.65 (-1.07) 0.57 (-1.72) 0.62 (-1.55) 0.51 (-1.70) 0.68 (-1.07) 0.67 (-1.40) 0.78(0.93) 0.71 (-1.25) 
MNL 0.65 (-1.07) 0.57 (-1.72) 0.62 (-1.55) 0.51 (-1.70) 0.68 (-1.07) 0.67 (-1.40) 0.78 (-0.93) 0.71 (-1.25) 

values) for the horizons between 25 months and 72 months, between 25 months and 96 months, and between 25 months and 120 months. 
MNS, MNM, and MNL are respectively the minima of the relevant measures (either variance ratios or t values) for the horizons between 
25 months and 72 months, between 25 months and 96 months, and between 25 months and 120 months. The variance of monthly 
observations is the base variance for calculating variance ratios (see equation 4.2 of this dissertation). Variance ratio t values are based 
on equation (B.l 1) of this dissertation, which is developed by Lo and MacKinlay (1988) under the assumption that random variables of 
interest are independently and identically normally distributed ( Li.n.d.). 
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