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ABSTRACT 
 

The Capital Asset Pricing Model and the Fama French Three Factor Model are widely 

considered two of the premier financial asset pricing models. The Fama French Model uses three 

factors, SMB, HML, and Market Premium, to predict stock returns. It was created as an extension 

to the Capital Asset Pricing Model, which only considers one factor, the Market Premium. Glenn 

Pettengill, Sridhar Sundaram, and Ike Mathur observed that the Capital Asset Pricing Model has a 

flaw in that it relies on the positive relationship between risk and return but does not consider that 

an inverse relationship exists when the market premium is negative. Pettengill et al. note that this 

flaw creates a market risk premium bias within the model. This paper utilizes a similar method as 

Pettengill et al. to determine that the same flaw exists for the Fama French Model. It then 

determines that the Fama French Model is better that the Capital Asset Pricing Model at reducing 

the impact of the market risk premium bias. 
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Chapter 1  
 

Introduction 

Capital Asset Pricing Model 

The Capital Asset Pricing Model (CAPM) was designed by William Sharpe (1964) and 

John Lintner (1965) to predict stock returns. The underlying principle of the CAPM is that a 

stock’s return is dependent on its sensitivity to non-diversifiable risk. The formula for the CAPM 

is: 

 

(1)         E (Ra) = Rf + ß * (E (Rm) - Rf) + α 

Figure 1: The Capital Asset Pricing Model 

 

Where 

E (Ra) = the expected return of the stock,  

Rf = the risk free rate 

E (Rm) = the expected return of the market 

(E (Rm) - Rf) = the market risk premium 

ß = the coefficient of the market risk premium, referred to as “the beta factor” or “beta” 

α = the error term 

 

While there are flaws in the Capital Asset Pricing Model which will be addressed later, it 

is a very popular model to use for predicting expected stock returns due to its simplicity and the 

intuitive nature of a positive linear relationship between non-diversifiable risk and stock returns.  
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Fama French Model 

The Fama French three-factor model was created by Eugene Fama and Kenneth French 

(1992) to predict stock returns. Fama and French observed that the Capital Asset Pricing Model 

(CAPM) was accurate but did not account for two types of stocks that tend to outperform the 

market: small cap stocks and stocks with a high book-to-market ratio. To account for these 

observations, they created two variables and added them to the CAPM.  

When creating these variables, Fama and French first constructed six portfolios named 

S/L, S/M, S/H, B/L, B/M, and B/H. These were created from the intersection of two size groups 

and three book-to-market groups. For instance, the S/L portfolio includes all of the small market 

cap stocks that also have a low book-to-market ratio. Once these portfolios were constructed, 

Fama and French were able to create their variables. 

The first variable that Fama and French designed accounts for the risk factor associated 

with the size of a stock. They named this variable SMB (small minus big).  SMB is the difference 

between the returns of small stocks and big stocks within the same book-to-market group. For 

instance, the difference between the returns of the S/L portfolio and the B/L portfolio would be 

calculated. Essentially, this variable accounts for the difference between returns on small and big 

stocks with similar book-to-market ratios. It is affected by the difference in returns associated 

with the size of the stock without being swayed by the book-to-market ratio. 

The second variable that Fama and French designed accounts for the risk factor 

associated with the book to market ratio of a stock. They named this variable HML (high minus 

low). HML is the difference between the returns of high book-to-market stocks and low book-to-

market stocks within the same size group. For instance, the difference between the returns of the 

S/H portfolio and the S/L portfolio would be calculated. Essentially, this variable accounts for the 

difference between returns on stocks with high and low book-to-market ratios with similar sizes. 
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It is affected by the difference in returns associated with the book-to-market ratio of the stock 

without being swayed by the size of the stock. 

By utilizing these variables, Fama and French created the Fama French three-factor 

model: 

 

(2)       E (Ra) = Rf + ß1 * (E (Rm) - Rf) + ß2 * (SMB) + ß3 * (HML) + α 

Figure 2: The Fama French Model 

 

Where  

 E (Ra) = the expected return of the stock 

 Rf = the risk free rate 

 E (Rm) = the expected return of the market 

 (E (Rm) - Rf) = the market risk premium 

 SMB = small minus big factor 

 HML = high minus low factor 

 ß1, ß2, and ß3 = the coefficients associated with each factor 

 α = the error term. 

Market Risk Premium Bias 

Glenn Pettengill, Sridhar Sundaram, and Ike Mathur (1995) point out that the CAPM 

relies on the notion that there is a positive relationship between risk and return. However, when 

the realized market return is below the risk free rate, there will actually be an inverse relationship 

between the beta factor and portfolio return. Amazingly, the market risk premium is negative in 

approximately 40 percent of the 1047 months between July 1926 and September 2013. This 
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impressive number of instances in which the market risk premium is negative suggests that there 

may be a flaw within any model that does not account for this. Pettengill et al. create a dummy 

variable (δ) to account for whether excess returns are positive or negative and apply this to the 

CAPM. They discover that a market risk premium bias exists within the CAPM because it does 

not account for the instances in which the market risk premium is negative. 

The Fama-French model also relies on the notion that there is a positive relationship 

between risk and return. The goal of this paper is to determine if a similar market risk premium 

bias exists within the Fama French Model. In order to test for market risk premium bias, this 

paper utilizes techniques similar to those used by Pettingill et al. and applies them to both the 

CAPM and the Fama French Model. The results of this paper support the existence of market risk 

premium bias within both the CAPM and the Fama French Model. 

After determining that market risk premium bias exists within both models, this paper 

will also determine which model between the CAPM and Fama French Model is more effective at 

mitigating the market risk premium bias. The results illustrate that both models underestimate the 

value of the beta coefficient associated with market risk premium. The results also indicate that 

the Fama French Model underestimates the beta value to a lesser degree, thus it is the superior 

model at reducing the impact of market risk premium bias. 
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Chapter 2  
 

Literature Review 

The Capital Asset Pricing Model (CAPM) designed by William Sharpe (1964) and John 

Lintner (1965) has been one of the premium asset pricing models ever since it was created. The 

underlying principle of the CAPM is that there is a positive linear relationship between a stock’s 

expected return and non-diversifiable risk. The model was widely accepted at first due to its 

sound logic. Investors who are both rational and risk averse only need to be rewarded for non-

diversifiable risk because they will diversify away all other types of risk. The model’s measure of 

a stock’s sensitivity to non-diversifiable risk is the beta factor in equation (1).  

Early tests of the CAPM agreed with the model’s use of beta as a measure of risk and the 

concept of a positive linear relationship between a stock’s expected returns and beta. Fischer 

Black, Michael C. Jensen, and Myron Scholes (1972) use time series tests instead of cross-

sectional tests to assess the validity of the CAPM. They conclude that the beta factor is useful in 

explaining asset returns and that there is a positive linear relationship between beta and expected 

returns. Fama and MacBeth (1973) similarly conclude that they cannot reject the existence of a 

positive linear relationship between expected returns and beta. 

 Many recent tests, however, have critiqued the CAPM. Merton H. Miller and Myron 

Scholes (1972) find that stocks with high beta values tend to have lower expected returns than 

their beta value would suggest and that stocks with low beta values tend to have higher expected 

returns than their beta value would suggest. In other words, the relationship between beta and 

returns is flatter than the CAPM would suggest. Later, Richard Roll (1977) challenges the 

assumption of the CAPM that a linear relationship exists between beta and expected returns. 

More recently, Glenn Pettengill, Sridhar Sundaram, and Ike Mathur (1995) test the relationship 
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between beta and expected returns and discover that the market premium bias exists within the 

CAPM. 

Pettengill et al. first observed the market risk premium bias in their paper entitled The 

Conditional Relationship between Beta and Returns in 1995. In their paper, they explore the 

usefulness of the Capital Asset Pricing Model (CAPM) in predicting stock returns. They claim 

that a major shortcoming of the CAPM is that it is biased because it does not account for the 

possibility of a negative market risk premium. They argue that when the realized market return is 

greater than the risk-free rate there is a positive relationship between beta and returns. 

Conversely, when the realized market return is less than the risk free rate there is an inverse 

relationship between beta and returns. In order to prove that this systematic relationship between 

returns and risk exists, they run the following regression: 

 

(3)    Rit = Y0t + Y1t * δ * ßi + Y2t * (1- δ) * ßi + εt 

Figure 3: Pettengill et al. Regression 

 

Where 

 Rit = realized portfolio returns 

 Y0t = constant value 

 Y1t = estimated coefficient of beta when market risk premium is positive 

 Y2t = estimated coefficient of beta when market risk premium is negative 

 ßi = the beta factor 

 εt = the error term 

δ = 1 if (Rm – Rf) > 0 and  

δ = 0 if (Rm – Rf) < 0 
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The key values in this regression are y1t and y2t. They expect Y1t to be positive because it is 

estimated when the realized market excess returns are positive. They expect Y2t to be negative 

because it is estimated when the realized market excess returns are negative. They test two 

different hypotheses to confirm their expectations. The first hypothesis that they test is: 

H0: y1 = 0 

Ha: y1 > 0 

The null hypothesis is that the y1 coefficient is equal to 0. If they can reject this null 

hypothesis in favor of the alternate hypothesis that y1 is positive, then they can prove that there is 

a positive relationship between beta and returns when the realized market excess returns are 

positive. 

The second hypothesis that they test is: 

H0: y2 = 0 

Ha: y2 < 0 

 The null hypothesis is that the y2 coefficient is equal to 0. If they can reject this null 

hypothesis in favor of the alternate hypothesis that y2 is negative, then they can prove that there is 

an inverse relationship between beta and returns when the realized market excess returns are 

negative.  

 In their conclusion, Pettengill et al. reject both null hypotheses. Thus, they conclude that 

the positive relationship between beta and expected returns is conditional on realized returns. This 

discovery leads to the conclusion that the CAPM has market risk premium bias. 
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Chapter 3  
 

Methodology 

Data Used 

The data range for this paper is from July 1926 to September 2013. The returns used were 

monthly returns for 25 different portfolios formed on size and book-to-market obtained from 

Kenneth French’s website. Four different types of portfolio returns were used: equal weighted 

excess returns, equal weighted nominal returns, value weighted excess returns, and value 

weighted nominal returns. Data on the risk-free rate, the SMB factor, and the HML factor were 

also obtained from Kenneth French’s website.  

Determining if a Market Risk Premium Bias Exists 

In addition to this data, a dummy variable (DELTA or δ) was created to account for 

whether the market risk premium was positive or negative. Every data point has a δ value where 

 

δ = 1 if (Rm – Rf) < 0 and  

δ = 0 if (Rm – Rf) > 0 

 

A summary of the data can be observed in Table 1, while a more detailed summary of the 

data can be viewed in Appendix A. 
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Table 1: Summary Statistics of Factors 

Statistic Rm-Rf SMB HML RF MKT DELTA 

Mean 0.640 0.236 0.396 0.288 0.928 0.401 

Standard Error 0.167 0.101 0.109 0.008 0.167 0.015 

Standard Deviation 5.413 3.264 3.543 0.254 5.402 0.490 

Sample Variance 29.299 10.651 12.552 0.064 29.185 0.240 

Minimum -29.000 -16.390 -12.680 -0.060 -28.970 0 

Maximum 37.740 38.490 37.310 1.350 37.840 1 

Count 1047 1047 1047 1047 1047 1047 

 

 Because the data set consists of returns for 25 different portfolios over the same time 

period, it is a panel data set with the portfolio number (1 through 25) acting as the panel variable. 

To test for the market risk premium bias, several different panel regressions were run. Fixed 

effects are assumed. All regressions were run using Stata Data Analysis and Statistical Software.  

 To test for the market risk premium bias within the Fama French Model, the following 

regression was run: 

 

(4)        Ra = α + ß1 * (Rm-Rf) + ß2 * (SMB) + ß3 * (HML) + ß4 * (δ) + ε 

Figure 4: Fama French Model Regression 

 

Where 

 α = constant value 

 (Rm-Rf) = realized market risk premium 

 SMB = small minus big factor 

 HML = high minus low factor 

 δ = dummy variable accounting for direction of market risk premium 

 ß1, ß2, ß3, and ß4 = the coefficients associated with each factor 

 ε = the error term 
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The coefficient ß4 is estimated to determine if the market risk premium bias exists. The following 

hypothesis is tested: 

H0: ß4 = 0 

Ha: ß4 ≠ 0  

The null hypothesis is that the beta coefficient of the dummy variable is equal to 0. If the null 

hypothesis can be rejected, then the dummy variable is a significant factor and the market risk 

premium bias exists within the Fama French Model. 

 To test for the market risk premium bias within the CAPM, the following regression was 

run: 

 

(5)         Ra = α + ß1 * (Rm-Rf) + + ß2 * (δ) + ε 

Figure 5: CAPM Regression 

 

Where 

 α = constant value 

 (Rm-Rf) = realized market risk premium 

 δ = dummy variable accounting for direction of market risk premium 

 ß1 and ß2 = the coefficients associated with each factor 

 ε = the error term 

 

The coefficient ß2 is estimated to determine if the market risk premium bias exists. The following 

hypothesis is tested: 

H0: ß2 = 0 

Ha: ß2 ≠ 0  
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The null hypothesis is that the beta coefficient of the dummy variable is equal to 0. If the null 

hypothesis can be rejected, then the dummy variable is a significant factor and the market risk 

premium bias exists within the CAPM. 

Testing the Effect of the Bias on Beta 

 After discovering that the market risk premium bias existed within both the Fama French 

Model and the CAPM, regressions were run without the dummy variable. This was done to test 

the effect that the market risk premium bias has on beta in each model. Whichever model’s beta 

value is more affected by the addition of the dummy variable is more biased due to the direction 

of the market risk premium. 
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Chapter 4  
 

Empirical Results 

Determining if Market Risk Premium Bias Exists 

The results of the regressions can be viewed in Table 2, Table 3, Table 4, and Table 5, 

while more detailed regression results can be viewed in Appendix B. Each table shows the same 

four regressions run with different types of returns used. In each table, underlined numbers are 

statistically insignificant using a 95% confidence interval. The numbers in the Rm-Rf, SMB, 

HML, and DELTA columns are the coefficients of each of variable. The numbers in the Constant 

column are the constants in each regression. The numbers in the t column are the t-statistic for the 

coefficient of the dummy variable. The numbers in the P>|t| column are the probability that the 

coefficient of the dummy variable is equal to 0.  

 

Table 2: Equal Weighted Excess Returns 

Regression Constant Rm-Rf SMB HML DELTA t P >|t| 

Fama French (with Delta) -0.206 1.099 0.664 0.405 0.408 5.75 0.000 

Fama French (without delta) -0.028 1.072 0.664 0.412 N/A N/A N/A 

CAPM (with delta) -0.338 1.338 N/A N/A 1.147 13.84 0.000 

CAPM (without delta) 0.169 1.264 N/A N/A N/A N/A N/A 
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Table 3: Equal Weighted Nominal Returns 

Regression Constant Rm-Rf SMB HML DELTA t P >|t| 

Fama French (with Delta) -0.066 1.099 0.661 0.406 0.449 6.32 0.000 

Fama French (without delta) 0.262 1.069 0.661 0.412 N/A N/A N/A 

CAPM (with delta) -0.067 1.337 N/A N/A 1.191 14.37 0.000 

CAPM (without delta) 0.460 1.261 N/A N/A N/A N/A N/A 

 

Table 4: Value Weighted Excess Returns 

Regression Constant Rm-Rf SMB HML DELTA t P >|t| 

Fama French (with Delta) -0.149 1.061 0.604 0.366 0.193 2.82 0.005 

Fama French (without delta) -0.064 1.049 0.604 0.370 N/A N/A N/A 

CAPM (with delta) -0.268 1.278 N/A N/A 0.862 10.98 0.000 

CAPM (without delta) 0.113 1.223 N/A N/A N/A N/A N/A 

 

Table 5: Value Weighted Nominal Returns 

Regression Constant Rm-Rf SMB HML DELTA t P >|t| 

Fama French (with Delta) -0.123 1.061 0.601 0.368 0.234 3.41 0.001 

Fama French (without delta) 0.225 1.046 0.600 0.372 N/A N/A N/A 

CAPM (with delta) 0.003 1.278 N/A N/A 0.906 11.53 0.000 

CAPM (without delta) 0.403 1.219 N/A N/A N/A N/A N/A 

 

The results in Table 2, Table 3, Table 4, and Table 5 support the notion that market risk 

premium bias exists within each model. In all 16 regressions, the coefficient for the dummy  

variable is statistically significant even at a 99% confidence interval. Thus, both null hypotheses 

are rejected and the dummy variable proves significant. The t-values for the coefficient of the 
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dummy variable are much greater in the CAPM than in the Fama French Model. This suggests 

that the addition of the dummy variable has a much greater impact on the CAPM model than the 

Fama French Model. 

Testing the Effect of the Bias on Beta 

The tables show that a market risk premium bias exists within both models. The next 

question to answer is which model is better at mitigating this bias. This question can be answered 

by examining how each model is affected by the addition of the dummy variable. 

In all 8 regressions, the beta value increases with the addition of the dummy variable. 

This suggests that both models underestimate the value of beta due to market risk premium bias. 

Table 6 displays the extent to which beta is underestimated in each regression. 

 

Table 6: Underestimations of Beta 

Regression Model Underestimation of Beta 

Equal Weighted Excess Returns 

Equal Weighted Excess Returns 

Fama French 

CAPM 

2.55% 

5.85% 

Equal Weighted Nominal Returns 

Equal Weighted Nominal Returns 

Fama French 

CAPM 

2.81% 

6.09% 

Value Weighted Excess Returns 

Value Weighted Excess Returns 

Fama French 

CAPM 

1.23% 

4.54% 

Value Weighted Nominal Returns 

Value Weighted Nominal Returns 

Fama French 

CAPM 

1.50% 

4.79% 
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 In all four cases using different types of returns, the CAPM underestimates beta by a 

higher percentage than the Fama French Model does. The CAPM on average underestimates beta 

by 4.54% - 6.09% while the Fama French Model only underestimates beta by 1.23% - 2.81%.  
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Chapter 5  
 

Conclusion 

The Capital Asset Pricing Model and the Fama French Model are widely regarded as the 

two most popular models for predicting asset returns. Some regard the CAPM as the most useful 

model due to its simplicity. Others appreciate that the Fama French Model accounts for two 

anomalies that are not accounted for by the CAPM: that small cap stocks and stocks with a high 

book-to-market ratio tend to outperform other types of stocks. 

While the CAPM and the Fama French Model are the two most popular models, neither 

is perfect. Both are flawed in the sense that they neglect to consider that an inverse relationship 

between returns and beta will exist when the market returns fall below the risk-free rate. This 

flaw creates what Pettengill et al. coined as the market risk premium bias. 

This paper does not claim that either model is more useful. Both models are useful at 

predicting asset returns; however the results of this study suggest Fama French Model is superior 

to the CAPM when considering market risk premium bias. Each model contains market risk 

premium bias, but the addition of two variables, SMB and HML, in the Fama French Model 

lessens the impact of this bias. The Fama French Model only underestimates beta by 1.23% - 

2.81% while the CAPM underestimates beta by 4.54% - 6.09%.   

There is opportunity for further research about the phenomenon of market risk premium 

bias. It would be valuable to continue to look at the relationship between beta and returns, 

particularly when the market risk premium is negative. This would be useful in understanding 

exactly what causes market risk premium bias and could potentially lead to the creation of a 

model that completely eliminates this bias. 
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Appendix A 

 

Summary of Data 

Summary of Rm-Rf, SMB, and HML 

Rm-Rf SMB HML 

            

Mean 0.640 Mean 0.236 Mean 0.396 

Standard Error 0.167 Standard Error 0.101 Standard Error 0.109 

Median 1.020 Median 0.050 Median 0.240 

Mode 1.410 Mode 0.050 Mode 0.480 

Standard Deviation 5.413 Standard Deviation 3.264 Standard Deviation 3.543 

Sample Variance 29.299 Sample Variance 10.651 Sample Variance 12.552 

Kurtosis 7.377 Kurtosis 21.973 Kurtosis 17.701 

Skewness 0.159 Skewness 2.152 Skewness 2.012 

Range 66.740 Range 54.880 Range 49.990 

Minimum -29.000 Minimum -16.390 Minimum -12.680 

Maximum 37.740 Maximum 38.490 Maximum 37.310 

Sum 669.770 Sum 246.910 Sum 415.040 

Count 1047 Count 1047 Count 1047 
 

Summary of Rf, Rm, and DELTA 

Rf Rm DELTA 

            

Mean 0.288 Mean 0.928 Mean 0.599 

Standard Error 0.008 Standard Error 0.167 Standard Error 0.015 

Median 0.250 Median 1.280 Median 1 

Mode 0.030 Mode -1.750 Mode 1 

Standard Deviation 0.254 Standard Deviation 5.402 Standard Deviation 0.490 

Sample Variance 0.064 Sample Variance 29.185 Sample Variance 0.240 

Kurtosis 1.259 Kurtosis 7.355 Kurtosis 
-

1.840 

Skewness 1.043 Skewness 0.126 Skewness 
-

0.404 

Range 1.410 Range 66.810 Range 1 

Minimum -0.060 Minimum -28.970 Minimum 0 

Maximum 1.350 Maximum 37.840 Maximum 1 

Sum 301.630 Sum 971.400 Sum 627 

Count 1047 Count 1047 Count 1047 
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Percentage of Deltas by Decade 

 

Average Rf by Decade 
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Average Rm-Rf by Decade 

 

Average Rm by Decade 
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Average SMB by Decade 

 

Average HML by Decade 
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Appendix B 

 

Detailed Regression Results 

Equal Weighted Excess Returns - Fama French With Delta 

 

 

Equal Weighted Excess Returns - Fama French Without Delta 
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Equal Weighted Excess Returns - CAPM With Delta 

 

 

 

Equal Weighted Excess Returns - CAPM Without Delta 
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Equal Weighted Nominal Returns - Fama French With Delta 

 

 

 

Equal Weighted Nominal Returns - Fama French Without Delta 
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Equal Weighted Nominal Returns - CAPM With Delta 

 

 

 

Equal Weighted Nominal Returns - CAPM Without Delta 
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Value Weighted Excess Returns – Fama French With Delta 

 

 

 

Value Weighted Excess Returns - Fama French Without Delta 
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Value Weighted Excess Returns - CAPM With Delta 

 

 

 

Value Weighted Excess Returns - CAPM Without Delta 

 

 

 



27 

 

Value Weighted Nominal Returns - Fama French With Delta 

 

 

 

Value Weighted Nominal Returns - Fama French Without Delta 
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Value Weighted Nominal Returns - CAPM With Delta 

 

 

 

Value Weighted Nominal Returns - CAPM Without Delta 
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