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In this paper, we will look at the capital asset pricing model (CAPM), a simple but widely used factor
model in finance. CAPM’s main strength — and its primary weakness — is that it assumes one single
source of risk (i.e. market risk) and then buckets everything else as idiosyncratic (i.e. non-systematic).
This paper will pave the way to more advanced factor modeling techniques in coming issues.

We will begin by discussing the underlying assumptions, define systematic and idiosyncratic risk, and
outline their influence on the covariance among assets. Next, using a simple regression model, we will
attempt to compute the CAPM sensitivity factor (Beta) for two different tech stocks: Microsoft and IBM.

Our coal in applying CAPM to these tech stocks is to compute each asset’s sensitivity (i.e. Beta) to non-
diversifiable market risk. To do that, we will use a simple linear regression model, then a normal process
to validate the model’s assumptions and ensure its stability over the data sample.

For sample data, we used the monthly returns between July 2001 and May 2013 (140 observations). For
the market risk, we selected monthly returns of the Russell 3000 Index, and for risk-free, we opted for
the 4-week treasury bills (TBILL) returns.

Background

In finance, the capital asset pricing model (CAPM) is used to determine the appropriate required rate of
return of an asset (or a portfolio). The CAPM takes into account the asset’s sensitivity to the non-
diversifiable risk (aka systematic or market risk).

E[R'1-R{ = B, x(E[R;,]-R{)
_ERI-R]

Where

. E[RiT] is the expected return of an asset | over a holding period T.

. RI is the risk-free return over the period T.

. ,B, is the sensitivity of the asset’s excess return over the expected excess market return.
. E[R,T,I ] is the expected market return over a holding period T.

o E[R,T,l]— RI is the market premium (expected excess market return).

T T, . . ,
. E[RI ]— Rf is referred to as the risk premium (expected excess asset’s return). In other words,

the asset’s risk premium equals the market premium multiplied by its beta.
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The equation above describes a simple linear regression model (with zero intercept), between the
asset’s excess returns and the excess market return.

R R = %Rl ~R])+4
g ~iid ~N(0,057)

Oﬁis often referred to as the idiosyncratic risk (i.e. risk that is specific to the asset itself, rather than the

overall market).

Finally, the ,B, is the slope (sensitivity) and can be expressed as follows:

var(R;,)

4~ COVRLRI)

Furthermore, for two assets, the covariance can be computed using CAPM as follows:

Cov(R,R,) = E[R xR,]= E[(R, - R,)(R, - R,)]

Cov(R,R;) =E[(B (Ry —R;)+&)(B;(Ry —R;) +¢))]

Cov(R,R,) = E[B,8,(Ry =R, )*+ B,(Ry —R,)&, + B,(Ry R, )& +5,,]
Cov(R,,R;) = BBE[(Ry —R()*]= BB, xVar(Ry)

Based on the CAPM, the variance (or risk) of each asset consists of two components: systematic and
idiosyncratic risk.

Var(R') = xVar(R,)+ o7

Why do we care?

Based on the CAPM theory, we can compute not only the expected returns, but also construct a
covariance matrix of the different assets. Note that the variance of each asset consists of two
components.

Case 1: Microsoft

Microsoft Corporation develops, licenses, and supports software products and services, as well as
designing and selling hardware worldwide. Microsoft is a publicly traded company, listed on NASDAQ
with a market capital of 290B.

Let’s plot the monthly excess returns of Microsoft and Russell 3000 (market proxy):
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MSFT vs. Russell 3000
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Next, we plot the scatter plot for the two data sets and draw a linear trend line to outline the correlation
Using the linear regression wizard in NumXL, designate the monthly excess returns of Microsoft as the

between the two:
dependent variable (Y) and those of Russell 3000 as the independent variable (i.e. X).
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General IDpﬁuns I Forecast I Missing Values I

Dependent
Variable () | MSFT1$C$2:$C5143|

Explanatory
Variables (X) I MSFTISB52: 585143

Grouped By ¢ Columns i~ Rows

Variables(X) I
Mask

Output | $GS26

From the “Options” tab in the regression dialog box, set the intercept/constant value to zero.

' '
ety . ==

General Options IFuremst | Missing Yalues |

Intercept/ Significance
Constant 0l - Level 0.05 -
— Cutput — Auto Madeling
v Reagression Statistics - Step-wise Regression
¥ analysis of variance (ANOVA) ¥ Forward Selection
¥ Coeffidents statistics ¥ Badkward Elemination
¥ Residuals Diagnosis ¥ EBi-directional Elemination
Help | Cancel Ok

Note: You may leave the intercept/constant floating (i.e. unset) and the regression will find it
insignificant. Try it.

When we are finished, click “OK.” The regression wizard will generate several output tables.
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Linear Regression Analysis

Regression Statistics

R Sguare = 39.8%
Adjusted R Square . 39.4%
Standard Error . 5.54%
LIF | 20746

AIC | -412.50

SBIC | -409.58

Observations 140

ANOVA _ 50% Residuals (standardized) Analysis
df 55 MS F_ P-Value | SIG? AVG __ STDEV__SKEW _KURTOSIS Normal?
Regression 1 0 03 | 9118 | 0.0%  TRUE 001 | 100 078 | 205  FALSE
Residuois 138 0 0.0 Target 000 100 000 000
Total 139 1 SIG? FALSE FALSE  TRUE  TRLE

Regression Coefficients -

Value std Error t-stat | P-Value L ut SlG7
Intercept | 0.00 000 | #NJA | ENJA | 000 000 | ENJA
Russell3000 038 0.10 966 0.0% 0.78 118 TRUE

The regression model (i.e. CAPM) is statistically significant (ANOVA table) and captures about 40% of
MSFT monthly excess return variance. The Beta (i.e. Russell 3000 coefficient) has an average value of
0.98 with an error of 0.10.

This is good so far, so let’s examine the standardized residuals of the regression (right-most table). The
residuals exhibit a positive skew and fat tails, and thus it fails the normality test.

To get a better idea about the residuals distribution, we create the QQ plot with a Gaussian theoretical
distribution:
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The QQ-Plot shows a small deviation from normality at positive values (i.e. skew) and a fat left tail
(negative).

Before we start using the CAPM and our regression beta to determine the appropriate required return
of Microsoft, we should ask ourselves a key few questions first:

Q: Is the regression model stable? Does the Beta’s value significantly differ throughout the
sample data?

A: To answer this question, let’s divide the sample data into two subsets: data set 1 includes all
observations prior to 2008 (~ 70 observations) and data set 2 covers observations starting from January
2008 to May 2013 (~ 70 observations).

Using the Regression Stability Test Wizard in NumXL, we conduct this imperative test. Similar to what we
did with the regression wizard, the Russell’s excess returns are the independent (X) variable, and the
MSFT returns are the dependent variable (Y).

- _— B
eIt ) ) ) )

General IDpﬁuns | Missing values |

— Data Set 1

X1 | MSFT!1$B%2: $8578| J Y1 | MSFT1$CS2: SC578 J

— Data Set 2 |
X2 | MSFT1¢B¢79: 486143 J Y2 | MSFT1$C$79: C6143 J

Grouped by  {* Columns " Rows

Variables(X)
Mask

DIJtDLIt I $3$51

In the “Options” tab, set the intercept/constant to zero.
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General Options IMissing Values I

Intercept/ Significance
Constant I o -I Lewvel I 0.05 J

Now, Click “OK.” The Wizard generates the statistical stability test output table.

Regression stability test (Chow test)
Score C.V. P-Value Stable?
0.458 3809  50.01% TRUE

The Beta value is stable throughout our sample data set (2001 to 2013). Let’s compute and plot the
beta value throughout the data set. The shaded area is our 95% confidence interval.
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Q: Are the regression’s standardized residuals serially (aka auto) correlated?

A: The white noise test answers this specific question, and is available in the NumXL statistical tests tab.
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General IDpﬁuns I Missing Values I

Input Data | MSFTI$D$4:$D$143| J

¥ Azcending

Significance 0.05
Level

Output I $G553

In the “Options” tab, set the maximum lag order to 12 (1 year). Click “OK.”

White-noise Test
lag___ Score  CV.  P-Value Pass? | 50% |
1 113 | 384  288%  TRUE
2 119 599  551%  TRUE
3 123 781  745%  TRUE
a 394 949  414%  TRUE
5 394 1107 558%  TRUE
6 453 1259  60.5%  TRUE
7 606 1407 53.2%  TRUE
8 609 1551 63.7%  TRUE
9 609 1692 73.0%  TRUE
10 711 1831 7L5%  TRUE
11 733 1968 767%  TRUE
12 761 2103 8L5%  TRUE

The residual’s time series exhibits no significant serial correlation.
So far, we found the following:

e The monthly returns of Microsoft stock have an average sensitivity of 0.98 with the overall
market.

e The residual (aka idiosyncratic) risk (i.e. Oy)is around 5.54%.

Q: Do we have observation(s) that significantly affect the regression more than others (i.e.
Influential data)?
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To answer the question above, we compute the Cook’s distance for each observation in the sample

data. Furthermore, we use the heuristic threshold of % to identify those influential points. N is the

number of non-missing values in the data set.

16%

Cook's Distance
MSFT vs. Russell 3000

To handle influential an data point, we decided to remove it by setting the MSFT returns to #N/A, thus
removing the observation from any analysis. We remove one observation (the one with the highest
Cook’s distance) at a time, then recalculate the Cook’s distance for the remaining data points using the
reduced data set. Note that the threshold slightly increases as we drop observations. We continue with
the process until no apparent influential data is in sight.

as

Cook's Distance
MSFT vs. Russell 3000

1%

1%
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Note that the Nthreshold is a heuristic, so we accepted data points whose Cook’s distance is slightly

higher than the threshold. Recalculating the regression (SHIFT+F9), we observe the new Beta value
(1.21) and regression error (5.07%).

Linear Regression Analysis

Regression Statistics
R Squore . 44.3%
Adjusted R Sqguare . 43.9%
Standard Error | 5.07%
LLF | 201.05
AIC -400.068
SBIC -397.24
Ohservations 128

ANOVA 5.0% Residuals (standardized) Analysis 5.0%
df 55 M5 F P-Value SiG? AVG STDEV ~ SKEW KURTOSIS Mormal?
Regression 1 ] 0.3 10033 0.0% TRUE -0.02 1.00 099 3.15 FALSE
Residuals 126 ] 0.0 Target 0.00 1.00 0.00 0.00
Total 127 1 SIG?  FALSE FALSE TRLUE TRUE
Regression Coefficients 5.0%
Value std. Error t-stat  P-Value LL uL SG7
Intercept | 0.00 000 | ENJA | ENJA 0.00 000 | EN/A
Russeli3000 121 012 10,18 0.0% 0497 144 TRUE

MSFT CAPM Beta
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Plotting the CAPM Beta value throughout the sample data, we observe that the Beta slightly changes

over time and is trending lower over time. One may conclude that MSFT’s sensitivity to market risk is
going down, due to its market-cap or the nature of investment that the company itself is undertaking.
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Case 2: IBM

International Business Machines (IBM) Corporation provides information technology (IT) products and
services worldwide. The company operates in five segments: Global Technology Services, Global

Business Services, Software, Systems and Technology, and Global Financing. IBM is publicly traded, listed
on NYSE with a market cap of 233B.

Let’s plot the IBM monthly excess returns along with the Russell 3000 (market proxy) excess returns.
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Next, we plot the scatter plot for the two data sets and draw a linear trend line to outline the correlation
between the two.
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IBM vs. Russell 3000
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The two series demonstrate a strong correlation between them. Again, using the Regression Wizard,
designate IBM excess returns as the dependent variable and the Russell 3000 as the independent,
setting the intercept/constant to zero.

Linear Regression Analysis

Regression Statistics

R Sguare = 3B9%
Adjusted R Square . 38.5%
Stondard Error . 5.4%

LF 21079

AlC  -419.55

SBIC -416.64
Observations 140

ANOVA 5.0% Residuals (standardized) Analysis 5.0%
df 55 M5 F P-Viaiue SiG? AVG STDEV ~ SKEW KURTOSIS Mormal?
Regression 1 ] 0.3 8787 0.0% TRUE 0.06 1.00 109 513 FALSE
Residuals 138 ] 0.0 Target 0.00 1.00 0.00 0.00
Total 139 1 SK3?  FALSE FALSE TRUE TRUE
Regression Coefficients 5.0%
Value std. Error t-stat P-Value LL UL a7
intercept 0.00 0.00 | ENJA | ENJA 0.00 0.00 | EN/A
Russeli3000 0.95 0.10 958 0.0% 0.75 115 TRUE

The output tables show similar results to what we saw with the Microsoft case. Let’s examine the
residuals distribution closer using the QQ-Plot.
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The QQ-plot exhibits positive skew, with a heavy fat tail on the left (negative) side.

Before we start using the CAPM and our regression beta to determine the appropriate required return
of Microsoft, we ought to ask ourselves a key few questions:

Q: Is the regression model stable? Does the Beta’s value significantly differ throughout the
sample data?

Again, we’ll divide the data set into 2 separate sub-sets: data set 1 includes all observations prior to
2008, and data set 2 includes all observations starting from January 2008 to date. Using the NumXL
regression stability test, we specify the independent (X) and dependent variable (Y) values for each data
set, set the intercept to zero, and click “OK.”

Regression stability test (Chow test)
Score CV. P-Walue Stable?
20.680 3.809 0.00% FALSE

The test failed! We have a structural break in the data set. This can be interpreted as the Beta value
changed significantly.
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What can we do now? Let’s first plot the Beta value over time in an attempt to identify the point(s)
where structural change commenced.

|IBM Beta

[
Ln

(5]
[=1

(=]
in

6/3/2002  6/3/2003  6/3/2004  6/3/2005  6/3/2006  6/3/2007  6/3/2008  6/3/2008  6/3/2010  6/3/2011  6/3/2012

The IBM stock has undergone a Beta starting in 2008. This can be due to internal company policy

change: type of investment, particular market exposure, etc. The important fact here is that the identity
of the IBM stock morphed (with respect to CAPM).

In sum, we need to toss away the observations prior to 2008 and use the later observations (i.e. 2008 to
May 2013) to estimate the CAPM Beta.

Regression Statistics
R Squore . 40.0%
Adjusted R Square . 39.1%
Standard Error . 4.27%

LLF| 113.68
AlC -225.30
sBIC -223.1%
Ohservations 65
ANOVA 5.0% Residuals [standardized) Analysis 5.0%
df 55 M5 F P-Value filchy AVGE STDEV =~ SKEW KURTOSIS Normal?
Regression 1 0 0.1 4208 0.0% TRUE 0.22 0.98 0.60 112 FALSE
Residuais 63 0 0.0 Target 000 1.00 0.00 0.00
Total 54 0 SI1G?  FALSE FALSE FALSE FALSE
Regression Coefficients 5.0%
Volue  std. Error t-stot P-Value LL UL 5GP

intercept | 0.00 000 | ENfA | EN/A 0.00 000 | ENfA
Russell 3000 0.66 0.09 6.98 0.0% 0.47 0.85  TRUE

Examining the regression outputs (using post-2008 observations), the Beta has a mean value of 0.66.
Furthermore, the residual diagnosis tests all passed. Additionally, the non-systematic risk (i.e. regression
standard error) is around 4%.

In short, the IBM stock morphed from being a high beta value above 1 to a value lower than one.
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Q: Are the regression’s standardized residuals serially (aka auto) correlated?

A: The white noise test answers this specific question, and is available in NumXL's statistical tests tab.

White-noise Test
Lag Score C.v. P-Value  Pass? 5.0%

1 0.35 3.84 53.2% TRUE
2 0.41 5.99 81.6% TRUE
3 0.48 7.81 92.5% TRUE
4 0.75 5.45 94 5% TRUE
5 0.76 1107 98.0% TRUE
i 443 1259 61.9% TRUE
7 447 1407 72.5% TRUE
8 462 1551 737 TRUE
9 5.45 1692 79.4% TRUE
10 137 18.31 69.0% TRUE
11 7.60 19.68 74.5% TRUE
12 9.80 21.03 63.5% TRUE

The residual’s time series exhibits no significant serial correlation.

Q: Do we have observation(s) that significantly affect the regression more than others (i.e.
influential data)?

To answer the question above, we compute the Cook’s distance for each observation in the sample data
post-2008.

100%

00%

a0% IBM Cook's Distance

Cook's == = = Threshold

Similar to what we did in the Microsoft case, we removed influential data by setting the MSFT returns to
#N/A, thus removing the observation from any analysis. We remove one observation (one with the
highest cook’s distance) at a time, then recalculate the Cook’s distance for the remaining data points
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using the reduced data set. Note that threshold slightly increases as we drop observations. We continue
with the process, until no apparent influential data is in sight.

IBM Cook's Distance

6% Cook's === Threshold

N L L
W ‘._'\3"‘ R <& ) &

Recalculating the regression model:

Linear Regression Analysis

Regression Statistics
R 5guare  38.0%
Adjusted R Square . 36.9%
Stondard Error . 3.42% | .I
LLF 11641
AlC | -230.75
SBIC -22B.75
Observations 59

AMOVA 5.0% Residuals (standardized) Analysis 5.0%
df 55 M5 F P-Value SiG? ANG STDEV SKEW KURTOSIS Normal?
Regression 1 0 0.0 34.95 0.0% TRUE 0.20 D.98 0.55 0.47 TRUE
Residuals 57 0 0.0 Target, 0.00 1.00 0.00 0.00
Total 58 0 5IG? FALSE FALSE FALSE FALSE
Regression Coefficients 5.0%
Vaolue  std Error t-star P-Value LL UL S1G?

intercept 0.00 0.00 | #NfA | ENJA 0.00 0.00 | #NfA
Russell3000  0.65 0.09 692  0.0% 0.46 0.84  TRUE

The non-systematic error dropped to 3.42% (from 4.27% earlier), and all the residuals diagnosis tests are
passed.
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Plotting the CAPM beta value throughout the sample data, we observe that the Beta slightly changes
over time and is trending upward over time. One may conclude that MSFT’s sensitivity to market risk is
going up, due to the nature of new investment that the company is undertaking.
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Conclusion
In this paper, we demonstrated the process for computing the CAPM Beta for two tech stock: IBM and
MSFT.

In both cases, we proposed a simple linear regression model for the stock’s monthly excess returns
versus the monthly excess returns of the Russell 3000 Index (market proxy). The regression slope is the
empirical CAPM Beta and the regression standard error is viewed as the stock’s non-systematic
(idiosyncratic) error.

Afterward, we carried on a plain regression analysis process: ANOVA, coefficient’s value test, residuals
diagnosis, regression stability test, and influential data analysis.

The computed CAPM Beta significantly improved as we carried our thorough analysis to the regression

results.
All tools you need to carry on this exercise are part of NumXL 1.60 Pro.

The CAPM is a relatively simple one-factor model. In later issues, we’ll tackle multi-factors (e.g. Fama-
French three (3) factor model (FFM), etc.), which may add some numerical complexity while the basic
steps and intuition remain the same.
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