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Abstract 

 

An Empirical Investigation into the Validity of  

The Security Market Line 

 

 

 

Li Song, MSStat 

The University of Texas at Austin, 2010 

 

Supervisor: Betsy S. Greenberg  

 

The well-known CAPM (capital asset pricing model) model in finance states that return 

is a function of risk. The more risky a stock is, the higher the return is expected to be. 

One way of modeling this relationship between stock return and stock risk is with the 

Security Market Line. The Security Market Line is the regression line between the returns 

of stocks in the market and their risks, as measured by the Beta Coefficient. However, in 

our empirical research, this model does not fit as well as it should. This report uses 

historical data to examine when this financial theory does not fit the historical data and 

the possible factors that might affect the validity of this model from a statistical 

perspective. 
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The Beta Coefficient 

There are various statistical methods to measure the risk of a stock, one of which is called 

the Beta Coefficient (Ferguson, Lynn, 1984). The Beta Coefficient is simply the slope of 

the regression line between the stock’s return (Y) and the overall market’s return (X). It 

can be estimated by  , where  is the correlation coefficient between the stock’s return 

and the overall market’s return,  is the standard deviation of the stock’s return and  is 

the standard deviation of the overall market’s return. A Beta Coefficient of 1 indicates the 

stock is just as risky as the overall market. A Beta Coefficient larger than 1 indicates the 

stock is more risky than the market and a Beta Coefficient between 0 and 1 indicates the 

stock is less risky than the market. It is also possible to get a negative beta, indicating that 

the stock tends to increase in value when the market goes down and tends to decrease in 

value when the market goes up.  However, such stocks are very rare. 

In our report, we will use the historical data from http://finance.yahoo.com/. We will use 

five years’ monthly data each time we calculate a Beta Coefficient. We will use the 

Standard & Poor’s 500 index as the measurement of “market”. When we are calculating 

the returns for both the stock and the overall market, we will use “return less risk-free 

rate”. That is, we will subtract the 90-day U.S Treasury Bill Rate from the original return. 

Here is a brief example of how we calculate the Beta Coefficient for the AMD Company. 
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Table 1. A brief example of calculating the Beta Coefficient. 

Date AMD S&P500 Annual 

TB 

Rate 

Stock 

Return 

Market 

Return 

Monthly 

TB 

Return 

Adj Mkt 

Return 

(X) 

Adj 

Stock 

Return 

(Y) 

02/01/10 8.03 1066.19 0.09 0.076408
1 

-0.0072
2 

0.007207
3 

-0.0143
4 

0.0692
5 

01/04/10 7.46 1073.87 0.07 -0.22934 -0.03697 0.005654 -0.04263 -0.23499 

12/01/09 9.68 1115.1 0.05 0.380884 0.017771 0.004074 0.013696 0.37681 

11/02/09 7.01 1095.63 0.05 0.523913 0.057364 0.004074 0.05329 0.519839 

NOTES: 

 1 = (8.03 - 7.46)/7.46 

2 =  (1066.19 -1073.87) / 1073.87 

3 =  – 1 

4 = -0.0072 - 0.007207 

5 = 0.076408 - 0.007207 

The first four columns are one year’s monthly raw data we obtain from Yahoo.  They are 

AMD’s adjusted monthly closing price for the one-year period March 2009 to February 

2010, the S&P monthly closing price for the same period, and the Monthly data on the 

interest rate paid by a 90-day U.S. Treasury Bill. The Stock Return is the stock price for 

one month minus the stock price for the previous month and then divided by the stock 

price for the previous month. Similarly, the Market Return is the S&P price for one 

month minus the S&P price for the previous month and then divided by the S&P price for 

the previous month. The Monthly Treasury Bill Return is calculated based on the Annual 

Treasury Bill Return. The Adjusted Market Return is the Market return minus the 

Monthly Treasury Bill Return and the adjusted Stock Return is the Stock Return minus 

the Monthly Treasury Bill Return. The Beta Coefficient is the slope of the last two 

columns except that we will use five years’ data each time we calculate a Beta 

Coefficient. That is, we would repeat the above calculation for every month of a five-year 

period to obtain a set of “X” and “Y” values. 
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The Security Market Line 

It is generally believed that more risky stocks tend to have higher returns than less risky 

ones (Robert Ferguson, Richard Lynn, 1984). This is also intuitively reasonable. One way 

of modeling the relationship between stock risk and stock return is the Security Market 

Line, which is the regression between the returns of stocks (Y) in the market and their 

risks, as measured by their Beta Coefficients (X). Each stock in the market gives us a data 

point. If the data point for a stock lies above the Security Market Line, the stock is 

indicated to have a relatively good rate of return given its risk. On the contrary, if the data 

point for a stock lies below the Security Market Line, the stock is indicated to have a 

relatively low rate of return given its risk. 

In theory, if we compute the Security Market Line by regressing stock return on stock 

risk. If the data fit the financial theory, the slope of the Security Market Line should be 

significantly positive and the intercept of the Security Market Line should correspond 

with the rate of return one can obtain without incurring any risk (Dybvig, Ross, 1985). 

The 90-day U.S. Treasury Bill Rate might be a close estimate for such a risk-free rate. 
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The validity of the Security Market Line 

In this report, we will use five years’ monthly data to calculate each Beta Coefficient and 

we will use the following one year’s monthly data to calculate its corresponding return. 

For example, if we calculate the Beta Coefficient based on the monthly data for the five-

year period from January 1995 to January 2000, we will calculate the corresponding 

return based on the one-year monthly data from January 2000 to January 2001; if we 

calculate the Beta Coefficient based on the monthly data for the five-year period from 

April 1996 to April 2001, we will calculate the corresponding return based on the one- 

year monthly data from April 2001 to April 2002, etc. Since it is possible to profit by 

selling short when stocks go down, we use the absolute values for all returns. Our 

samples do not have any negative Betas. 

In theory, the regression computations for the Security Market Line would involve all 

publicly traded companies but in practice this is beyond the scope of this work. 

Additionally, using such a large dataset would overstate the statistical significance of our 

results (Oh, 1996). In order to get reasonable results, we will choose two independent 

random samples from the list of the S&P 500 companies. Each sample includes 50 

companies. We will use the historical data from 1994 up to now and calculate the 

Security Market Line for the samples four times each year. That is, we will calculate the 

Security Market Line for each quarter starting from each January, April, July, and 

October, separately, to see whether they fit our theory properly. Each quarterly 

calculation requires six years of data, five from the past for calculating the Beta 

Coefficient and one from the future for calculating the return. Since different companies 

are included in the S&P 500 at different times, some data are missing for earlier years. So 

the sample sizes are actually slightly smaller than 50. 

The following is an example where the model fits perfectly. The Beta Coefficient is 

based on the monthly data for the 48 companies in the second sample from October 2002 
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to October 2007 and the Return is based on the monthly data for the same 48 companies 

from October 2007 to October 2008. 

Figure 1. Sample scatter plot when the model fits well 

 

Table 2. Sample output of regression when the model fits well 
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From the output above we can see that the Beta Coefficient is estimated to be positive. 

Since the output gives us the p value of a two-sided T test, the P-value for a right side T 

test here should be 0.0058/2=0.0029. The coefficient of the beta is significantly greater 

than 0 on a 5% significance level. Therefore, we would reject the hypothesis that the 

slope is equal to zero in favor of the alternative that the slope is positive. The 95% 

confidence interval for the intercept is (-0.04942, 0.30063). This interval contains the 90-

day U.S. Treasury Bill Rate for October 2007, about 0.05. Therefore, we would not reject 

the hypothesis that the intercept is equal to the risk free rate of return. In this example, 

both the slope and intercept are consistent with the financial theory. 

The following is an example where the model fits poorly. The calculated Beta Coefficient 

is based on the monthly data for the 44 companies in the second sample from October 

1999 to October 2004 and the Return is based on the monthly data for the same 44 

companies from October 2004 to October 2005. 

Figure 2. Sample scatter plot when the model fits poorly 
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Table 3. Sample output of regression when the model fits poorly 

 

From the output above we can see that the Beta Coefficient is estimated to be negative, 

which clearly does not fit the financial theory. Since the output gives us the P-value of a 

two-tailed T test, the p value for a right side test here should be 1-(0.8608/2)=0.5696. A 

95% confidence interval for the intercept is (0.10324, 0.43795), which does contain the 

90-day U.S. Treasury Bill Rate, about 0.13, for the same time period. But our theory fails 

here as far as the “higher risk, higher return” is concerned. 

The following table summarizes of the model (“Y” as fit and “N” as poor fit) from 

January 1994 through January 2010. This is based on the hypothesis test for the slope 

only. Notice that out of 74 examples, the model fit well, in the sense of having 

statistically significant results for a positive slope, only 38 times.   
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Table 4. A summary of the validity of the Security Market Line 

Year 04~10 03~09 02~08 01~07 00~06 99~05 98~04 97~03 96~02 95~01 

Jan Sample1 Y Y Y N Y N Y Y N N 

Sample2 N Y Y N N N Y Y Y N 

April Sample1  Y Y N Y N Y Y N N 

Sample2  N Y Y Y N Y Y N N 

July Sample1  Y Y N N N N Y Y Y 

Sample2  Y Y Y N N N Y Y N 

Oct Sample1  N Y N N N N Y Y Y 

Sample2  N Y N N N N Y Y N 

 

The following graph is the time series plot of the P-values. Notice that the smaller the P-

value is, the better the model fits. 

Figure 3. Time Series Plot of P-value 
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Possible factors that might affect the validity of 

 the Security Market Line 

We notice from the table above that for more than half of the time, our data do not fit our 

theory, which is very odd given that the model is so widely accepted. We try to figure out 

what might have an affect on the fitness of our theory. Some researchers believe that the 

market return and the percentage of companies that have a negative return might have 

something to do with it (Campbell, John C., Andrew W. Lo, A.C. MacKinlay, 1997). So 

we try to use logistic regression to figure out whether it is true statistically. 

To test this theory, we use the model Log( ) = α + β1X1 + β2X2 + β3X1 X2 (Agresti, 

2007), where  is the probability that the theory fits and  is the probability that the 

theory does not fit. The ratio  is called the odds that the theory will fit (Pregibon, 

1981). X1 is the return of the market as measured by S&P 500 index and X2 is the 

percentage of companies in our sample that have negative returns. All calculations are 

based on the same time period. The response variable here is whether the model will fit 

or not. We will code the response variable as 1 when it fits and 0 when it does not in 

order to use SAS to do the logistic regression analysis and the results are as follows. 

Table 5. Output of logistic regression from SAS. 

 

From the SAS output we can see that only the percentage of companies that have 

negative returns seems to have a significant effect on whether the model will fit or not on 
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a 5% significance level. The more companies there are that have negative returns, the 

more likely that our model will fit. It seems that our theory fits better during financial 

crisis. 

In order to get a more accurate relationship between the percentage of companies that 

have negative returns and the validity of the model, we will us simple linear regression 

with the P-values from the model as Y and the percentage of companies that have 

negative returns as X (Kutner, Nachtsheim, Neter, Li, 2004). The scatter plot and the 

regression output are as follows. 

Figure 4. Scatter Plot of P-value versus Percentage 
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Table 6. Output of regression of P-value from excel. 

 

From the output we can see that the percentage of companies that have negative returns 

has a significantly negative effect on the P-value. The more companies there are that have 

negative returns, the smaller the P-value is, and the more likely that our model will fit. 

The results agree with what we get from the logistic regression above. 
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Other Things to Look at 

Although the P-values are not supposed to be linearly related to the percentage of 

companies that have negative returns, our result does indicate that there is a negative 

correlation between them. Apparently our model fits better when most companies are 

losing money. 

Originally when we try to fit our model, we choose a sample of 25 companies from S&P 

500 list and get their Beta Coefficients and annual returns from Yahoo and the model fits 

perfectly (Tyge, Vassalou, 2006). However, Yahoo only provides the current values and 

there’s no way we could obtain historical data in the same way. We try to extend the 

research to a broader market and choose a sample of 50 from S&P 1500 list with Beta 

Coefficient calculated based on the S&P 1500 index but none of the models fit (Green, 

1986). Then we group the sample of 50 companies based on their capitalization size. For 

the companies that have capitalization size lager than 2 billion dollars, the model fits 

pretty well and for the other companies that have smaller capitalization, the model still 

doesn’t fit. When we are measuring the risk of individual stocks, we also try to use   

instead of   , that is, the Beta Coefficient without the correlation coefficient between 

the stock return and the market return, the model fits similarly to the model using Beta 

Coefficient (Foster, Stine, Young, 2010). Since the percentage of companies with 

negative returns seems to play a part in the validity of our model, we try to fit our model 

after grouping our data into companies that have negative returns and companies that 

have positive returns, but it does not make much difference in the validity of the model. 

We also try to fit the model with the current capitalization size as an additional predictor 

for individual stock returns, but almost none of them are significant. 

There are always other ways to measure the risk of a stock and the realized returns of a 

stock can always be different than its expected returns (Miller, R. G., 1981; Ferguson, 
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Lynn, 1984). Perhaps the result could be different if we use a different method to 

calculate them, and a bigger sample size and more years of data could also be helpful. 
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