Note
(Accompanied by Important Questions)

Portfolio Management and Security Analysis
Investment:

When current income exceeds current consumption desires, people tend to save the excess. They can do any of several things with these savings. One possibility is to put the money under a mattress or bury it in the backyard until some future time when consumption desires exceed current income. When they retrieve their savings from the mattress or backyard, they have the same amount they saved.

Another possibility is that they can give up the immediate possession of these savings for a future larger amount of money that will be available for future consumption. This tradeoff of present consumption for a higher level of future consumption is the reason for saving. What you do with the savings to make them increase over time is investment Those who give up immediate possession of savings (that is, defer consumption) expect to receive in the future a greater amount than they gave up. Conversely, those who consume more than their current income (that is, borrow) must be willing to pay back in the future more than they borrowed.

The rate of exchange between future consumption (future dollars) and current consumption (current dollars) is the pure rate of interest. Both people’s willingness to pay this difference for borrowed funds and their desire to receive a surplus on their savings give rise to an interest rate referred to as the pure time value of money. This interest rate is established in the capital market by a comparison of the supply of excess income available (savings) to be invested and the demand for excess consumption (borrowing) at a given time. If you can exchange $100 of certain income today for $104 of certain income one year from today, then the pure rate of exchange on a risk-free investment (that is, the time value of money) is said to be 4 percent (104/100 – 1).

The investor who gives up $100 today expects to consume $104 of goods and services in the future. This assumes that the general price level in the economy stays the same. This price stability has rarely been the case during the past several decades when inflation rates have varied from 1.1 percent in 1986 to 13.3 percent in 1979, with an average of about 5.4 percent a year from 1970 to 2001. If investors expect a change in prices, they will require a higher rate of return to compensate for it. For example, if an investor expects a rise in prices (that is, he or she expects inflation) at the rate of 2 percent during the period of investment, he or she will increase the required interest rate by 2 percent. In our example, the investor would require $106 in the future to defer the $100 of consumption during an inflationary period (a 6 percent nominal, risk-free interest rate will be required instead of 4 percent).

Further, if the future payment from the investment is not certain, the investor will demand an interest rate that exceeds the pure time value of money plus the inflation rate. The uncertainty of the payments from an investment is the investment risk. The additional return added to the nominal, risk-free interest rate is called a risk premium. In our previous example, the investor would require more than $106 one year from today to compensate for the uncertainty. As an example, if the required amount were $110, $4, or 4 percent, would be considered a risk premium.

From our discussion, we can specify a formal definition of investment. Specifically, an investment is the current commitment of dollars for a period of time in order to derive future payments that will compensate the investor for 

(1) the time the funds are committed, 

(2) the expected rate of inflation, and 

(3) the uncertainty of the future payments. 

The “investor” can be an individual, a government, a pension fund, or a corporation. Similarly, this definition includes all types of investments, including investments by corporations in plant and equipment and investments by individuals in stocks, bonds, commodities, or real estate. The investor is trading a known dollar amount today for some expected future stream of payments that will be greater than the current outlay.

Why people invest and what they want from their investments. They invest to earn a return from savings due to their deferred consumption. They want a rate of return that compensates them for the time, the expected rate of inflation, and the uncertainty of the return. This return, the investor’s required rate of return, is discussed throughout this course. A central question of this course is how investors select investments that will give them their required rates of return.

MEASURES OF RETURN AND RISK
Holding Period Return:

If you commit $200 to an investment at the beginning of the year and you get back $220 at the end of the year, what is your return for the period? The period during which you own an investment is called its holding period, and the return for that period is the holding period return (HPR).

In this example, the HPR is 1.10, calculated as follows:

[image: image1.emf]
This value will always be zero or greater—that is, it can never be a negative value. A value greater than 1.0 reflects an increase in your wealth, which means that you received a positive rate of return during the period. A value less than 1.0 means that you suffered a decline in wealth, which indicates that you had a negative return during the period. An HPR of zero indicates that you lost all your money.

Although HPR helps us express the change in value of an investment, investors generally evaluate returns in percentage terms on an annual basis. This conversion to annual percentage rates makes it easier to directly compare alternative investments that have markedly different characteristics. The first step in converting an HPR to an annual percentage rate is to derive a percentage return, referred to as the holding period yield (HPY). The HPY is equal to the HPR minus 1.
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To derive an annual HPY, you compute an annual HPR and subtract 1. Annual HPR is found by:
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Computing Mean Historical Returns

Single Investment Given a set of annual rates of return (HPYs) for an individual investment, there are two summary measures of return performance. The first is the arithmetic mean return, the second the geometric mean return. To find the arithmetic mean (AM), the sum  of annual HPYs is divided by the number of years (n) as follows:
[image: image8.emf]
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An alternative computation, the geometric mean (GM), is the nth root of the product of the HPRs for n years.
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Investors are typically concerned with long-term performance when comparing alternative investments. GM is considered a superior measure of the long-term mean rate of return because it indicates the compound annual rate of return based on the ending value of the investment versus its beginning value. Specifically, using the prior example, if we compounded 3.353 percent for three years, (1.03353), we would get an ending wealth value of 1.104.

Although the arithmetic average provides a good indication of the expected rate of return for an investment during a future individual year, it is biased upward if you are attempting to measure an asset’s long-term performance. This is obvious for a volatile security. Consider, for example, a security that increases in price from $50 to $100 during year 1 and drops back to $50 during year 2. The annual HPYs would be:

[image: image13.emf]
This would give an AM rate of return of:

[image: image14.emf]
This investment brought no change in wealth and therefore no return, yet the AM rate of return is computed to be 25 percent.

The GM rate of return would be:

[image: image15.emf]
This answer of a 0 percent rate of return accurately measures the fact that there was no change in wealth from this investment over the two-year period. When rates of return are the same for all years, the GM will be equal to the AM. If the rates of return vary over the years, the GM will always be lower than the AM. The difference between the two mean values will depend on the year-to-year changes in the rates of return. Larger annual changes in the rates of return—that is, more volatility—will result in a greater difference between the alternative mean values.

An awareness of both methods of computing mean rates of return is important because published accounts of investment performance or descriptions of financial research will use both the AM and the GM as measures of average historical returns.

A Portfolio of Investments The mean historical rate of return (HPY) for a portfolio of investments is measured as the weighted average of the HPYs for the individual investments in the portfolio, or the overall change in value of the original portfolio. The weights used in computing the averages are the relative beginning market values for each investment; this is referred to as dollar-weighted or value-weighted mean rate of return. This technique is demonstrated by the examples in Exhibit. As shown, the HPY is the same (9.5 percent) whether you compute the weighted average return using the beginning market value weights or if you compute the overall change in the total value of the portfolio.
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Risk Premium
A risk-free investment was defined as one for which the investor is certain of the amount and timing of the expected returns. The returns from most investments do not fit this pattern. An investor typically is not completely certain of the income to be received or when it will be received. Investments can range in uncertainty from basically risk-free securities, such as T-bills, to highly speculative investments, such as the common stock of small companies engaged in

high-risk enterprises.

Most investors require higher rates of return on investments if they perceive that there is any uncertainty about the expected rate of return. This increase in the required rate of return over the NRFR (Nominal Risk Free Rate) is the risk premium (RP). Although the required risk premium represents a composite of all uncertainty, it is possible to consider several fundamental sources of uncertainty.

Major Sources of Uncertainty:

(1) business risk,

(2) financial risk (leverage), 

(3)  liquidity risk, 

(4) exchange rate risk, and

(5) country (political) risk.

Business risk is the uncertainty of income flows caused by the nature of a firm’s business. The less certain the income flows of the firm, the less certain the income flows to the investor. Therefore, the investor will demand a risk premium that is based on the uncertainty caused by the basic business of the firm. As an example, a retail food company would typically experience stable sales and earnings growth over time and would have low business risk compared to a firm

in the auto industry, where sales and earnings fluctuate substantially over the business cycle, implying high business risk.

Financial risk is the uncertainty introduced by the method by which the firm finances its investments. If a firm uses only common stock to finance investments, it incurs only business risk. If a firm borrows money to finance investments, it must pay fixed financing charges (in the form of interest to creditors) prior to providing income to the common stockholders, so the uncertainty of returns to the equity investor increases. This increase in uncertainty because of fixed-cost financing is called financial risk or financial leverage and causes an increase in the stock’s risk premium.
Liquidity risk is the uncertainty introduced by the secondary market for an investment. When an investor acquires an asset, he or she expects that the investment will mature (as with a bond) or that it will be salable to someone else. In either case, the investor expects to be able to convert the security into cash and use the proceeds for current consumption or other investments. The more difficult it is to make this conversion, the greater the liquidity risk. An investor must

consider two questions when assessing the liquidity risk of an investment: (1) How long will it take to convert the investment into cash? (2) How certain is the price to be received? Similar uncertainty faces an investor who wants to acquire an asset: How long will it take to acquire the asset? How uncertain is the price to be paid?

Uncertainty regarding how fast an investment can be bought or sold, or the existence of uncertainty about its price, increases liquidity risk. A U.S. government Treasury bill has almost no liquidity risk because it can be bought or sold in minutes at a price almost identical to the quoted price. In contrast, examples of illiquid investments include a work of art, an antique, or a parcel of real estate in a remote area. For such investments, it may require a long time to find a buyer

and the selling prices could vary substantially from expectations. Investors will increase their required rates of return to compensate for liquidity risk. Liquidity risk can be a significant consideration when investing in foreign securities depending on the country and the liquidity of its stock and bond markets.

Exchange rate risk is the uncertainty of returns to an investor who acquires securities denominated in a currency different from his or her own. The likelihood of incurring this risk is becoming greater as investors buy and sell assets around the world, as opposed to only assets within their own countries. A U.S. investor who buys Japanese stock denominated in yen must consider not only the uncertainty of the return in yen but also any change in the exchange value

of the yen relative to the U.S. dollar. That is, in addition to the foreign firm’s business and financial risk and the security’s liquidity risk, the investor must consider the additional uncertainty of the return on this Japanese stock when it is converted from yen to U.S. dollars.

The more volatile the exchange rate between two countries, the less certain you would be regarding the exchange rate, the greater the exchange rate risk, and the larger the exchange rate risk premium you would require.

There can also be exchange rate risk for a U.S. firm that is extensively multinational in terms of sales and components (costs). In this case, the firm’s foreign earnings can be affected by changes in the exchange rate.

Country risk, also called political risk, is the uncertainty of returns caused by the possibility of a major change in the political or economic environment of a country. The United States is acknowledged to have the smallest country risk in the world because its political and economic systems are the most stable. Nations with high country risk include Russia, because of the several changes in the government hierarchy and its currency crises during 1998, and Indonesia, where there were student demonstrations, major riots, and fires prior to the resignation of President Suharto in May 1998. In both instances, the stock markets experienced significant declines surrounding these events.
Individuals who invest in countries that have unstable political-economic systems must add a country risk premium when determining their required rates of return.

This discussion of risk components can be considered a security’s fundamental risk because it deals with the intrinsic factors that should affect a security’s standard deviation of returns over time. The  standard deviation of returns is referred to as a measure of the security’s total risk, which considers the individual stock by itself—that is, it is not considered as part of a portfolio.
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Markowitz and Sharpe indicated that investors should use an external market measure of risk. Under a specified set of assumptions, all rational, profit maximizing investors want to hold a completely diversified market portfolio of risky assets, and they borrow or lend to arrive at a risk level that is consistent with their risk preferences. Under these conditions, the relevant risk measure for an individual asset is its co movement with the market portfolio. This co movement, which is measured by an asset’s covariance with the market portfolio, is referred to as an asset’s systematic risk, the portion of an individual asset’s total variance attributable to the variability of the total market portfolio. In addition, individual assets have variance that is unrelated to the market portfolio (that is, it is nonmarket variance) that is due to the asset’s unique features. This nonmarket variance is called unsystematic risk, and it is generally considered unimportant because it is eliminated in a large, diversified portfolio. Therefore, under these assumptions, the risk premium for an individual earning asset is a function of the asset’s systematic risk with the aggregate market portfolio of risky assets. The measure of an asset’s systematic risk is referred to as its beta:
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Fundamental Risk versus Systematic Risk

Some might expect a conflict between the market measure of risk (systematic risk) and the fundamental determinants of risk (business risk, and so on). A number of studies have examined the relationship between the market measure of risk (systematic risk) and accounting variables used to measure the fundamental risk factors, such as business risk, financial risk, and liquidity risk.

The authors of these studies have generally concluded that a significant relationship exists between the market measure of risk and the fundamental measures of risk. 

Therefore, the two measures of risk can be complementary. This consistency seems reasonable because, in a properly functioning capital market, the market measure of the risk should reflect the fundamental risk characteristics of the asset. As an example, you would expect a firm that has high business risk and financial risk to have an above average beta.
It is possible that a firm that has a high level of fundamental risk and a large standard deviation of return on stock can have a lower level of systematic risk because its variability of earnings and stock price is not related to the aggregate economy or the aggregate market. Therefore, one can specify the risk premium for an asset as:
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Summary:

[image: image20.png]Measures and Sources of Risk In this chapter. we have examined both measures and
sources of risk arising from an investment. The measures of risk for an investment are:

> Variance of rates of return
> Standard deviation of rates of return

> Coefficient of variation of rates of return (standard deviation/means)
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Movements along the SML
Investors place alternative investments somewhere along the SML based on their perceptions of the risk of the investment. Obviously, if an investment’s risk changes due to a change in one of its risk sources (business risk, and such), it will move along the SML. For example, if a firm increases its financial risk by selling a large bond issue that increases its financial leverage, investors will perceive its common stock as riskier and the stock will move up the SML to a higher risk position. Investors will then require a higher rate of return. As the common stock becomes riskier, it changes its position on the SML. Any change in an asset that affects its fundamental risk factors or its market risk (that is, its beta) will cause the asset to move along the SML as shown in Exhibit. Note that the SML does not change, only the position of assets on the SML.
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Changes in the Slope of the SML

The slope of the SML indicates the return per unit of risk required by all investors. Assuming a straight line, it is possible to select any point on the SML and compute a risk premium (RP) for an asset through the equation:
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If a point on the SML is identified as the portfolio that contains all the risky assets in the market (referred to as the market portfolio), it is possible to compute a market RP as follows:
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This market RP is not constant because the slope of the SML changes over time. Although we do not understand completely what causes these changes in the slope, we do know that there are changes in the yield differences between assets with different levels of risk even though the inherent risk differences are relatively constant.

These differences in yields are referred to as yield spreads, and these yield spreads change over time. As an example, if the yield on a portfolio of Aaa-rated bonds is 7.50 percent and the yield on a portfolio of Baa-rated bonds is 9.00 percent, we would say that the yield spread is 1.50 percent. This 1.50 percent is referred to as a credit risk premium because the Baa-rated bond is considered to have higher credit risk—that is, greater probability of default. This Baa–Aaa yield spread is not constant over time. For an example of changes in a yield spread, note the substantial changes in the yield spreads on Aaa-rated bonds and Baa-rated bonds shown in Exhibit
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Although the underlying risk factors for the portfolio of bonds in the Aaa-rated bond index and the Baa-rated bond index would probably not change dramatically over time, it is clear from the time-series plot in Exhibit that the difference in yields (i.e., the yield spread) has experienced changes of more than 100 basis points (1 percent) in a short period of time (for example, see the yield spread increase in 1974 to 1975 and the dramatic yield spread decline in 1983 to 1984). Such a significant change in the yield spread during a period where there is no major change in the risk characteristics of Baa bonds relative to Aaa bonds would imply a change in the market RP. Specifically, although the risk levels of the bonds remain relatively constant, investors have changed the yield spreads they demand to accept this relatively constant difference in risk.

This change in the RP implies a change in the slope of the SML. Such a change is shown in Exhibit. The exhibit assumes an increase in the market risk premium, which means an increase in the slope of the market line. Such a change in the slope of the SML (the risk premium) will affect the required rate of return for all risky assets. Irrespective of where an investment is on the original SML, its required rate of return will increase, although its individual risk characteristics remain unchanged.
Changes in Capital Market Conditions or Expected Inflation
The graph in Exhibit shows what happens to the SML when there are changes in one of the following factors: 

(1) expected real growth in the economy, 

(2) capital market conditions, or 

(3) the expected rate of inflation. 

For example, an increase in expected real growth, temporary tightness in the capital market, or an increase in the expected rate of inflation will cause the SML to experience a parallel shift upward. The parallel shift occurs because changes in expected real growth or in capital market conditions or a change in the expected rate of inflation affect all investments, no matter what their levels of risk are.
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Summary:

The relationship between risk and the required rate of return for an investment can change in three ways:

1. A movement along the SML demonstrates a change in the risk characteristics of a specific investment, such as a change in its business risk, its financial risk, or its systematic risk (its beta). This change affects only the individual investment.

2. A change in the slope of the SML occurs in response to a change in the attitudes of investors toward risk. Such a change demonstrates that investors want either higher or lower rates of return for the same risk. This is also described as a change in the market risk premium (Rm – NRFR). A change in the market risk premium will affect all risky investments.

3. A shift in the SML reflects a change in expected real growth, a change in market conditions (such as ease or tightness of money), or a change in the expected rate of inflation. Again, such a change will affect all investments.

Computation of Variance and Standard Deviation
Variance and standard deviation are measures of how actual values differ from the expected values (arithmetic mean) for a given series of values. In this case, we want to measure how rates of return differ from the arithmetic mean value of a series. There are other measures of dispersion, but variance and standard deviation are the best known because they are used in statistics and probability theory. Variance is defined as:
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Consider the following example,
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This gives an expected return [E(Ri)] of 7 percent. The dispersion of this distribution as measured by variance is:
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The variance (σ2) is equal to 0.0141. The standard deviation is equal to the square root of the variance:
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Consequently, the standard deviation for the preceding example would be:
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In this example, the standard deviation is approximately 11.87 percent. Therefore, you could describe this distribution as having an expected value of 7 percent and a standard deviation of 11.87 percent.

In many instances, you might want to compute the variance or standard deviation for a historical series in order to evaluate the past performance of the investment. Assume that you are given the following information on annual rates of return (HPY) for common stocks listed on the New York Stock Exchange (NYSE):
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In this case, we are not examining expected rates of return but actual returns. Therefore, we assume equal probabilities, and the expected value (in this case the mean value, R) of the series is the sum of the individual observations in the series divided by the number of observations, or 0.04 (0.20/5). The variances and standard deviations are:
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We can interpret the performance of NYSE common stocks during this period of time by saying that the average rate of return was 4 percent and the standard deviation of annual rates of return was 7.56 percent.
Coefficient of Variation
The variance and standard deviation are absolute measures of dispersion. That is, they can be influenced by the magnitude of the original numbers. To compare series with greatly different values, you need a relative measure of dispersion. A measure of relative dispersion is the coefficient of variation, which is defined as:
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A larger value indicates greater dispersion relative to the arithmetic mean of the series. For the previous example, the CV would be:
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It is possible to compare this value to a similar figure having a markedly different distribution. As an example, assume you wanted to compare this investment to another investment that had an average rate of return of 10 percent and a standard deviation of 9 percent. The standard deviations alone tell you that the second series has greater dispersion (9 percent versus 7.56 percent) and might be considered to have higher risk. In fact, the relative dispersion for this second investment is much less.
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Considering the relative dispersion and the total distribution, most investors would probably prefer the second investment.
Important Websites for Learning:
http://www.finpipe.com
http://www.investorguide.com
http://finance.yahoo.com
http://www.finweb.com
http://fisher.osu.edu/fin
http://www.aaii.com
http://www.wsj.com The Wall Street Journal

http://www.ft.com Financial Times

http://www.economist.com The Economist magazine

http://www.fortune.com Fortune magazine

http://www.money.cnn.com Money magazine

http://www.forbes.com Forbes magazine

http://www.worth.com Worth magazine

http://www.smartmoney.com SmartMoney magazine

http://www.barrons.com Barron’s newspaper

Questions:
1. Discuss the overall purpose people have for investing. Define investment.

2. As a student, are you saving or borrowing? Why?

3. Divide a person’s life from ages 20 to 70 into 10-year segments and discuss the likely saving or borrowing patterns during each period.

4. Discuss why you would expect the saving-borrowing pattern to differ by occupation (for example, for a doctor versus a plumber).
5. Discuss the two major factors that determine the market nominal risk-free rate (NRFR). Explain which of these factors would be more volatile over the business cycle.

6. Briefly discuss the five fundamental factors that influence the risk premium of an investment.

7. You own stock in the Gentry Company, and you read in the financial press that a recent bond offering has raised the firm’s debt/equity ratio from 35 percent to 55 percent. Discuss the effect of this change on the variability of the firm’s net income stream, other factors being constant. Discuss how this change would affect your required rate of return on the common stock of the Gentry Company.

8. Draw a properly labeled graph of the security market line (SML) and indicate where you would expect the following investments to fall along that line. Discuss your reasoning.

a. Common stock of large firms

b. U.S. government bonds

c. U.K. government bonds

d. Low-grade corporate bonds

e. Common stock of a Japanese firm

9. You see in The Wall Street Journal that the yield spread between Baa corporate bonds and Aaa corporate bonds has gone from 350 basis points (3.5 percent) to 200 basis points (2 percent). Show graphically the effect of this change in yield spread on the SML and discuss its effect on the required rate of return for common stocks.

10. On February 1, you bought 100 shares of a stock for $34 a share and a year later you sold it for $39 a share. During the year, you received a cash dividend of $1.50 a share. Compute your HPR and HPY on this stock investment.

11. On August 15, you purchased 100 shares of a stock at $65 a share and a year later you sold it for $61 a share. During the year, you received dividends of $3 a share. Compute your HPR and HPY on this investment.
12. At the beginning of last year, you invested $4,000 in 80 shares of the Chang Corporation. During the year, Chang paid dividends of $5 per share. At the end of the year, you sold the 80 shares for $59 a share. Compute your total HPY on these shares and indicate how much was due to the price change and how much was due to the dividend income.

13. The rates of return computed in Problems 10, 11 and 12 are nominal rates of return. Assuming that the rate of inflation during the year was 4 percent, compute the real rates of return on these investments. Compute the real rates of return if the rate of inflation were 8 percent.
14. During the past five years, you owned two stocks that had the following annual rates of return:
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a. Compute the arithmetic mean annual rate of return for each stock. Which stock is most desirable by this measure?

b. Compute the standard deviation of the annual rate of return for each stock. By this measure, which is the preferable stock?

c. Compute the coefficient of variation for each stock. By this relative measure of risk, which stock is preferable?

d. Compute the geometric mean rate of return for each stock. Discuss the difference between the arithmetic mean return and the geometric mean return for each stock. Relate the differences in the mean returns to the standard deviation of the return for each stock.

15. Your rate of return expectations for the common stock of Gray Disc Company during the next year are:
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a. Compute the expected return [E(Ri)] on this investment, the variance of this return , and its standard deviation.

b. Under what conditions can the standard deviation be used to measure the relative risk of two investments?

c. Under what conditions must the coefficient of variation be used to measure the relative risk of two investments?

16. Your rate of return expectations for the stock of Kayleigh Computer Company during the next year are:
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a. Compute the expected return [E(Ri)] on this stock, the variance of this return, and its standard deviation.

b. On the basis of expected return [E(Ri)] alone, discuss whether Gray Disc or Kayleigh Computer is preferable.

c. On the basis of standard deviation  alone, discuss whether Gray Disc or Kayleigh Computer is preferable.

d. Compute the coefficients of variation (CVs) for Gray Disc and Kayleigh Computer and discuss which stock return series has the greater relative dispersion.

17. The following are annual rates of return for U.S. government T-bills and U.K. common stocks
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a. Compute the arithmetic mean rate of return and standard deviation of rates of return for the two series.

b. Discuss these two alternative investments in terms of their arithmetic average rates of return, their absolute risk, and their relative risk.

c. Compute the geometric mean rate of return for each of these investments. Compare the arithmetic mean return and geometric mean return for each investment and discuss this difference between mean returns as related to the standard deviation of each series.

Risk Aversion

Portfolio theory also assumes that investors are basically risk averse, meaning that, given a choice between two assets with equal rates of return, they will select the asset with the lower level of risk. Evidence that most investors are risk averse is that they purchase various types of insurance, including life insurance, car insurance, and health insurance. Buying insurance basically involves an outlay of a given amount to guard against an uncertain, possibly larger outlay

in the future. When you buy insurance, this implies that you are willing to pay the current known cost of the insurance policy to avoid the uncertainty of a potentially large future cost related to a car accident or a major illness. Further evidence of risk aversion is the difference in promised yield (the required rate of return) for different grades of bonds that supposedly have different degrees of credit risk. Specifically, the promised yield on bonds increases as you go from AAA (the lowest-risk class) to AA to A, and so on—that is, investors require a higher rate of return to accept higher risk.

This does not imply that everybody is risk averse or that investors are completely risk averse regarding all financial commitments. The fact is, not everybody buys insurance for everything. Some people have no insurance against anything, either by choice or because they cannot afford it. In addition, some individuals buy insurance related to some risks such as auto accidents or illness, but they also buy lottery tickets and gamble at race tracks or in casinos, where it is known that the expected returns are negative, which means that participants are willing to pay for the excitement of the risk involved. This combination of risk preference and risk aversion can be explained by an attitude toward risk that depends on the amount of money involved. Friedman and Savage speculate that this is the case for people who like to gamble for small amounts (in lotteries or slot machines) but buy insurance to protect themselves against large potential losses, such as fire or accidents.

While recognizing this diversity of attitudes, our basic assumption is that most investors committing large sums of money to developing an investment portfolio are risk averse. Therefore, we expect a positive relationship between expected return and expected risk. Notably, this is also what we generally find in terms of long-run historical results—that is, there is generally a positive relationship between the rates of return on various assets and their measures of risk.

Assumptions Underlying MARKOWITZ PORTFOLIO THEORY

1. Investors consider each investment alternative as being represented by a probability distribution of expected returns over some holding period.

2. Investors maximize one-period expected utility, and their utility curves demonstrate diminishing marginal utility of wealth.

3. Investors estimate the risk of the portfolio on the basis of the variability of expected returns.

4. Investors base decisions solely on expected return and risk, so their utility curves are a function of expected return and the expected variance (or standard deviation) of returns only.

5. For a given risk level, investors prefer higher returns to lower returns. Similarly, for a given level of expected return, investors prefer less risk to more risk.

Under these assumptions, a single asset or portfolio of assets is considered to be efficient if no other asset or portfolio of assets offers higher expected return with the same (or lower) risk, or lower risk with the same (or higher) expected return.
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COMPUTATION OF THE VARIANCE OF THE EXPECTED RATE OF RETURN FOR AN INDIVIDUAL RISKY ASSET
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COMPUTATION OF MONTHLY RATES OF RETURN: 2001
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COMPUTATION OF COVARIANCE OF RETURNS FOR COCA-COLA AND HOME DEPOT: 2001
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COMPUTATION OF STANDARD DEVIATION OF RETURNS FOR COCA-COLA AND HOME DEPOT: 2001
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Portfolio Standard Deviation Formula
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The Efficient Frontier
The envelope curve that contains the best of all these possible combinations is referred to as the efficient frontier. Specifically, the efficient frontier represents that set of portfolios that has the maximum rate of return for every given level of risk, or the minimum risk for every level of return.
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Portfolio A in Exhibit dominates Portfolio C because it has an equal rate of return but substantially less risk. Similarly, Portfolio B dominates Portfolio C because it has equal risk but a higher expected rate of return. Because of the benefits of diversification among imperfectly correlated assets, we would expect the efficient frontier to be made up of portfolios of investments rather than individual securities. Two possible exceptions arise at the end points, which represent the asset with the highest return and that asset with the lowest risk.

As an investor, you will target a point along the efficient frontier based on your utility function and your attitude toward risk. No portfolio on the efficient frontier can dominate any other portfolio on the efficient frontier. All of these portfolios have different return and risk measures, with expected rates of return that increase with higher risk.
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An individual investor’s utility curves specify the trade-offs he or she is willing to make between expected return and risk. In conjunction with the efficient frontier, these utility curves determine which particular portfolio on the efficient frontier best suits an individual investor. Two investors will choose the same portfolio from the efficient set only if their utility curves are identical.
The optimal portfolio is the portfolio on the efficient frontier that has the highest utility for a given investor. It lies at the point of tangency between the efficient frontier and the curve with the highest possible utility. A conservative investor’s highest utility is at point X in Exhibit, where the curve U2 just touches the efficient frontier. A less-risk-averse investor’s highest utility occurs at point Y, which represents a portfolio with a higher expected return and higher risk than

the portfolio at X.

Questions:
18. Why do most investors hold diversified portfolios?

19. What is covariance, and why is it important in portfolio theory?

20. Why do most assets of the same type show positive covariances of returns with each other? Would you expect positive covariances of returns between different types of assets such as returns on Treasury bills, General Electric common stock, and commercial real estate? Why or why not?

21. Explain how a given investor chooses an optimal portfolio. Will this choice always be a diversified portfolio, or could it be a single asset? Explain your answer.
22. Stocks K, L, and M each have the same expected return and standard deviation. The correlation coefficients between each pair of these stocks are:

K and L correlation coefficient = +0.8

K and M correlation coefficient = +0.2

L and M correlation coefficient = –0.4

Given these correlations, a portfolio constructed of which pair of stocks will have the lowest standard deviation? Explain.

23. Given the following market values of stocks in your portfolio and their expected rates of return, what is the expected rate of return for your common stock portfolio?
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24. Given: 


E(R1) = .10
E(R2) = .15
σ1 = .03
σ2 = .05

Calculate the expected returns and expected standard deviations of a two-stock portfolio in which

Stock 1 has a weight of 60 percent under the following conditions:

a. r1,2 = 1.00

b. r1,2 = 0.75

c. r1,2 = 0.25

d. r1,2 = 0.00

e. r1,2 = –0.25

f. r1,2 = –0.75

g. r1,2 = –1.00

Calculate the expected returns and expected standard deviations of a two-stock portfolio having a

correlation coefficient of 0.70 under the following conditions:

a. w1 = 1.00

b. w1 = 0.75

c. w1 = 0.50

d. w1 = 0.25
e. w1 = 0.05
25. The following are monthly percentage price changes for four market indexes:
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Compute the following:

a. Expected monthly rate of return for each series.

b. Standard deviation for each series.

c. Covariance between the rates of return for the following indexes:


DJIA—S&P 500


S&P 500—Russell 2000


S&P 500—NIKKEI


Russell 2000—NIKKEI

d. The correlation coefficients for the same four combinations.

e. Using the answers from Parts a, b, and d, calculate the expected return and standard deviation of a

portfolio consisting of equal parts of 


(1) the S&P and the Russell 2000 and 


(2) the S&P and the NIKKEI. Discuss the two portfolios.
26. Given two assets with the following characteristics:


E(R1) = .12 σ1 = .04


E(R2) = .16 σ2 = .06

Assume that r1,2 = –1.00. What is the weight that would yield a zero variance for the portfolio?
Background for Capital Market Theory
Assumptions of Capital Market Theory 

Because capital market theory builds on the Markowitz portfolio model, it requires the same assumptions, along with some additional ones:

1. All investors are Markowitz efficient investors who want to target points on the efficient frontier. The exact location on the efficient frontier and, therefore, the specific portfolio selected will depend on the individual investor’s risk-return utility function.

2. Investors can borrow or lend any amount of money at the risk-free rate of return (RFR). Clearly, it is always possible to lend money at the nominal risk-free rate by buying riskfree securities such as government T-bills. It is not always possible to borrow at this riskfree rate, but we will see that assuming a higher borrowing rate does not change the general

results.

3. All investors have homogeneous expectations; that is, they estimate identical probability distributions for future rates of return. Again, this assumption can be relaxed. As long as the differences in expectations are not vast, their effects are minor.

4. All investors have the same one-period time horizon such as one month, six months, or one year. The model will be developed for a single hypothetical period, and its results could be affected by a different assumption. A difference in the time horizon would require investors to derive risk measures and risk-free assets that are consistent with their investment horizons.

5. All investments are infinitely divisible, which means that it is possible to buy or sell fractional shares of any asset or portfolio. This assumption allows us to discuss investment alternatives as continuous curves. Changing it would have little impact on the theory.

6. There are no taxes or transaction costs involved in buying or selling assets. This is a reasonable assumption in many instances. Neither pension funds nor religious groups have to pay taxes, and the transaction costs for most financial institutions are less than 1 percent on most financial instruments. Again, relaxing this assumption modifies the results, but it does not change the basic thrust.

7. There is no inflation or any change in interest rates, or inflation is fully anticipated. This is a reasonable initial assumption, and it can be modified.

8. Capital markets are in equilibrium. This means that we begin with all investments properly priced in line with their risk levels.

Development of Capital Market Theory 

The major factor that allowed portfolio theory to develop into capital market theory is the concept of a risk-free asset. Following the development of the Markowitz portfolio model, several authors considered the implications of assuming the existence of a risk-free asset, that is, an asset with zero variance. Such an asset would have zero correlation with all other risky assets and would provide the risk-free rate of return (RFR). It would lie on the vertical axis of a portfolio graph.

This assumption allows us to derive a generalized theory of capital asset pricing under conditions of uncertainty from the Markowitz portfolio theory. This achievement is generally attributed to William Sharpe, for which he received the Nobel Prize, but Lintner and Mossin derived similar theories independently. Consequently, you may see references to the Sharpe-Lintner- Mossin (SLM) capital asset pricing model.

Risk-Free Asset
We have defined a risky asset as one from which future returns are uncertain, and we have measured this uncertainty by the variance, or standard deviation, of expected returns. Because the expected return on a risk-free asset is entirely certain, the standard deviation of its expected return is zero (σRF = 0). The rate of return earned on such an asset should  be the risk-free rate of return (RFR) should equal the expected long-run growth rate of the economy with an adjustment for short-run liquidity.

The covariance of the risk-free asset with any risky asset or portfolio of assets will always equal zero. Similarly, the correlation between any risky asset i, and the risk-free asset, RF, would be zero.

Combining a Risk-Free Asset with a Risky Portfolio 

What happens to the average rate of return and the standard deviation of returns when you combine a risk-free asset with a portfolio of risky assets such as those that exist on the Markowtz efficient frontier?
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Substituting the risk-free asset for Security 1, and the risky asset portfolio for Security 2, this formula would become
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We know that the variance of the risk-free asset is zero, that is, σ2 RF 0. Because the correlation between the risk-free asset and any risky asset, i, is also zero, the factor rRF,i in the preceding equation also equals zero. Therefore, any component of the variance formula that has either of these terms will equal zero. When you make these adjustments, the formula becomes
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Therefore, the standard deviation of a portfolio that combines the risk-free asset with risky assets is the linear proportion of the standard deviation of the risky asset portfolio.
The Risk-Return Combination Because both the expected return and the standard deviation of return for such a portfolio are linear combinations, a graph of possible portfolio returns and risks looks like a straight line between the two assets. (see Exhibit below)
You can attain any point along the straight line RFR-A by investing some portion of your portfolio in the risk-free asset wRF and the remainder (1 – wRF) in the risky asset portfolio at Point A on the efficient frontier. This set of portfolio possibilities dominates all the risky asset portfolios on the efficient frontier below Point A because some portfolio along Line RFR-A has equal variance with a higher rate of return than the portfolio on the original efficient frontier.

Likewise, you can attain any point along the Line RFR-B by investing in some combination of the risk-free asset and the risky asset portfolio at Point B. Again, these potential combinations dominate all portfolio possibilities on the original efficient frontier below Point B (including Line RFR-A).
You can draw further lines from the RFR to the efficient frontier at higher and higher points until you reach the point where the line is tangent to the frontier, which occurs in Exhibit at Point M. The set of portfolio possibilities along Line RFR-M dominates all portfolios below Point M. For example, you could attain a risk and return combination between the RFR and Point M (Point C) by investing one-half of your portfolio in the risk-free asset (that is, lending money at the RFR) and the other half in the risky portfolio at Point M.
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Risk-Return Possibilities with Leverage An investor may want to attain a higher expected return than is available at Point M in exchange for accepting higher risk. One alternative would be to invest in one of the risky asset portfolios on the efficient frontier beyond Point M such as the portfolio at Point D. A second alternative is to add leverage to the portfolio by borrowing money at the risk-free rate and investing the proceeds in the risky asset portfolio at Point M. What effect would this have on the return and risk for your portfolio?

If you borrow an amount equal to 50 percent of your original wealth at the risk-free rate, wRF will not be a positive fraction but, rather, a negative 50 percent (wRF –0.50). The effect on the expected return for your portfolio is:
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The return will increase in a linear fashion along the Line RFR-M because the gross return increases by 50 percent, but you must pay interest at the RFR on the money borrowed. For example, assume that E(RFR) .06 and E(RM) .12. The return on your leveraged portfolio would be:
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The effect on the standard deviation of the leveraged portfolio is similar.
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Therefore, both return and risk increase in a linear fashion along the original Line RFR-M, and this extension dominates everything below the line on the original efficient frontier. Thus, you have a new efficient frontier: the straight line from the RFR tangent to Point M. This line is referred to as the capital market line (CML)

Our discussion of portfolio theory stated that, when two assets are perfectly correlated, the set of portfolio possibilities falls along a straight line. Therefore, because the CML is a straight line, it implies that all the portfolios on the CML are perfectly positively correlated. This positive correlation appeals to our intuition because all these portfolios on the CML combine the risky asset Portfolio M and the risk-free asset. You either invest part of your portfolio in the risk-free asset

(i.e., you lend at the RFR) and the rest in the risky asset Portfolio M, or you borrow at the riskfree rate and invest these funds in the risky asset portfolio. In either case, all the variability comes from the risky asset M portfolio. The only difference between the alternative portfolios on the CML is the magnitude of the variability, which is caused by the proportion of the risky asset portfolio in the total portfolio.
The Market Portfolio

Because Portfolio M lies at the point of tangency, it has the highest portfolio possibility line, and everybody will want to invest in Portfolio M and borrow or lend to be somewhere on the CML. This portfolio must, therefore, include all risky assets. If a risky asset were not in this portfolio in which everyone wants to invest, there would be no demand for it and therefore it would have no value.

Because the market is in equilibrium, it is also necessary that all assets are included in this portfolio in proportion to their market value. If, for example, an asset accounts for a higher proportion of the M portfolio than its market value justifies, excess demand for this asset will increase its price until its relative market value becomes consistent with its proportion in the M portfolio.

This portfolio that includes all risky assets is referred to as the market portfolio. It includes not only U.S. common stocks but all risky assets, such as non-U.S. stocks, U.S. and non-U.S. bonds, options, real estate, coins, stamps, art, or antiques. Because the market portfolio contains all risky assets, it is a completely diversified portfolio, which means that all the risk unique to individual assets in the portfolio is diversified away. Specifically, the unique risk of any single asset is offset by the unique variability of all the other assets in the portfolio. 

This unique (diversifiable) risk is also referred to as unsystematic risk. This implies that only systematic risk, which is defined as the variability in all risky assets caused by macroeconomic variables, remains in the market portfolio. This systematic risk, measured by the standard deviation of returns of the market portfolio, can change over time if and when there are changes in the macroeconomic variables that affect the valuation of all risky assets. Examples of such macroeconomic variables would be variability of growth in the money supply, interest rate volatility, and variability in such factors as industrial production, corporate earnings, and corporate cash flow.

How to Measure Diversification 

As noted earlier, all portfolios on the CML are perfectly positively correlated, which means that all portfolios on the CML are perfectly correlated with the completely diversified market Portfolio M. This implies a measure of complete diversification. Specifically, a completely diversified portfolio would have a correlation with the market portfolio of 1.00. This is logical because complete diversification means the elimination of all the unsystematic or unique risk. Once you have eliminated all unsystematic risk, only systematic risk is left, which cannot be diversified away. Therefore, completely diversified portfolios would correlate perfectly with the market portfolio because it has only systematic risk.
An important point to remember is that, by adding stocks to the portfolio that are not perfectly correlated with stocks in the portfolio, you can reduce the overall standard deviation of the portfolio but you cannot eliminate variability. The standard deviation of your portfolio will eventually reach the level of the market portfolio, where you will have diversified away all unsystematic risk, but you still have market or systematic risk. You cannot eliminate the variability and uncertainty of macroeconomic factors that affect all risky assets.

[image: image75.png]NUMBER OF STOCKS IN A PORTFOLIO AND THE STANDARD DEVIATION
OF PORTFOLIO RETURN

‘Standard Deviation of Return

Unsystematic
(Diversifiable)
Risk

Total
Risk Standard Deviation of
the Market Portfolio
L} (Systematic Risk)
Systematic
Risk
¥

Number of Stocks in the Portfolio




The CML and the Separation Theorem 

The CML leads all investors to invest in the  same risky asset portfolio, the M portfolio. Individual investors should only differ regarding their position on the CML, which depends on their risk preferences.

In turn, how they get to a point on the CML is based on their financing decisions. If you are relatively risk averse, you will lend some part of your portfolio at the RFR by buying some riskfree securities and investing the remainder in the market portfolio of risky assets. For example, you might invest in the portfolio combination at Point A in Exhibit below. In contrast, if you prefer more risk, you might borrow funds at the RFR and invest everything (all of your capital plus what you borrowed) in the market portfolio, building the portfolio at Point B. This financing decision provides more risk but greater returns than the market portfolio. As discussed earlier, because portfolios on the CML dominate other portfolio possibilities, the CML becomes the efficient frontier of portfolios, and investors decide where they want to be along this efficient frontier. Tobin called this division of the investment decision from the financing decision the separation theorem. 

Specifically, to be somewhere on the CML efficient frontier, you initially decide to invest in the market Portfolio M, which means that you will be on the CML. This is your investment decision. Subsequently, based on your risk preferences, you make a separate financing decision either to borrow or to lend to attain your preferred risk position on the CML.
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THE CAPITAL ASSET PRICING MODEL: EXPECTED RETURN AND RISK

Up to this point, we have considered how investors make their portfolio decisions, including the significant effects of a risk-free asset. The existence of this risk-free asset resulted in the derivation of a capital market line (CML) that became the relevant efficient frontier. Because all investors want to be on the CML, an asset’s covariance with the market portfolio of risky assets emerged as the relevant risk measure.

Now that we understand this relevant measure of risk, we can proceed to use it to determine an appropriate expected rate of return on a risky asset. This step takes us into the capital asset pricing model (CAPM), which is a model that indicates what should be the expected or required rates of return on risky assets. This transition is important because it helps you to value an asset by providing an appropriate discount rate to use in any valuation model. Alternatively, if you

have already estimated the rate of return that you think you will earn on an investment, you can compare this estimated rate of return to the required rate of return implied by the CAPM and determine whether the asset is undervalued, overvalued, or properly valued.

To accomplish the foregoing, we demonstrate the creation of a security market line (SML) that visually represents the relationship between risk and the expected or the required rate of return on an asset. The equation of this SML, together with estimates for the return on a risk-free asset and on the market portfolio, can generate expected or required rates of return for any asset based on its systematic risk. You compare this required rate of return to the rate of return that you estimate that you will earn on the investment to determine if the investment is undervalued or overvalued. After demonstrating this procedure, we finish the section with a demonstration of how to calculate the systematic risk variable for a risky asset.
The Security Market Line (SML)

We know that the relevant risk measure for an individual risky asset is its covariance with the market portfolio (Covi,M). Therefore, we can draw the risk-return relationship as shown in Exhibit below with the systematic covariance variable (Covi,M) as the risk measure.
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The return for the market portfolio (RM) should be consistent with its own risk, which is the covariance of the market with itself. If you recall the formula for covariance, you will see that the covariance of any asset with itself is its variance, Covi,i σ2i. In turn, the covariance of the market with itself is the variance of the market rate of return CovM,M σ2 M. Therefore, the equation for the risk-return line in Exhibit is:
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Defining Covi ,M / σ2 M (Covariance between security and market returns divided by variance of market returns) as beta, (βi), this equation can be stated:
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Beta can be viewed as a standardized measure of systematic risk. Specifically, we already know that the covariance of any asset i with the market portfolio (CoviM) is the relevant risk measure. Beta is a standardized measure of risk because it relates this covariance to the variance of the market portfolio. As a result, the market portfolio has a beta of 1. Therefore, if the βi for an asset is above 1.0, the asset has higher normalized systematic risk than the market, which means that it is more volatile than the overall market portfolio.

Given this standardized measure of systematic risk, the SML graph can be expressed as shown in Exhibit below. This is the same graph as in Exhibit above, except there is a different measure of risk. Specifically, the graph in Exhibit below replaces the covariance of an asset’s returns with the market portfolio as the risk measure with the standardized measure of systematic risk (beta), which is the covariance of an asset with the market portfolio divided by the variance of the market portfolio.
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Determining the Expected Rate of Return for a Risky Asset

The last equation and the graph in Exhibit above tell us that the expected (required) rate of return for a risky asset is determined by the RFR plus a risk premium for the individual asset. In turn, the risk premium is deter- mined by the systematic risk of the asset (βi), and the prevailing market risk premium (RM – RFR). To demonstrate how you would compute the expected or required rates of return, consider the following example stocks assuming you have already computed betas:
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Assume that we expect the economy’s RFR to be 6 percent (0.06) and the return on the market portfolio (RM) to be 12 percent (0.12). This implies a market risk premium of 6 percent (0.06). With these inputs, the SML equation would yield the following expected (required) rates of return for these five stocks:
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As stated, these are the expected (required) rates of return that these stocks should provide based on their systematic risks and the prevailing SML. 

Stock A has lower risk than the aggregate market, so you should not expect (require) its return to be as high as the return on the market portfolio of risky assets. You should expect (require) Stock A to return 10.2 percent. Stock B has systematic risk equal to the market’s (beta 1.00), so its required rate of return should likewise be equal to the expected market return (12 percent). Stocks C and D have systematic risk greater than the market’s, so they should provide returns

consistent with their risk. Finally, Stock E has a negative beta (which is quite rare in practice), so its required rate of return, if such a stock could be found, would be below the RFR.

In equilibrium, all assets and all portfolios of assets should plot on the SML. That is, all assets should be priced so that their estimated rates of return, which are the actual holding period rates of return that you anticipate, are consistent with their levels of systematic risk. Any security with an estimated rate of return that plots above the SML would be considered underpriced because it implies that you estimated you would receive a rate of return on the security that is

above its required rate of return based on its systematic risk. In contrast, assets with estimated rates of return that plot below the SML would be considered overpriced. This position relative to the SML implies that your estimated rate of return is below what you should require based on the asset’s systematic risk.

In an efficient market in equilibrium, you would not expect any assets to plot off the SML because, in equilibrium, all stocks should provide holding period returns that are equal to their required rates of return. Alternatively, a market that is “fairly efficient” but not completely efficient may misprice certain assets because not everyone will be aware of all the relevant information for an asset.
A superior investor has the ability to derive value estimates for assets that are consistently superior to the consensus market evaluation. As a result, such an investor will earn better rates of return than the average investor on a risk-adjusted basis.

Identifying Undervalued and Overvalued Assets 

Now that we understand how to compute the rate of return one should expect or require for a specific risky asset using the SML, we can compare this required rate of return to the asset’s estimated rate of return over a specific investment horizon to determine whether it would be an appropriate investment. To make this comparison, you need an independent estimate of the return outlook for the security based on either fundamental or technical analysis techniques.
Let us continue the example for the five assets discussed in the previous section. Assume that analysts in a major trust department have been following these five stocks. Based on extensive fundamental analysis, the analysts provide the expected price and dividend estimates contained in Exhibit below. Given these projections, you can compute the estimated rates of return the analysts would anticipate during this holding period.
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This difference between estimated return and expected (required) return is sometimes referred to as a stock’s alpha or its excess return. This alpha can be positive (the stock is undervalued) or negative (the stock is overvalued). If the alpha is zero, the stock is on the SML and is properly valued in line with its systematic risk.
Assuming that you trusted your analyst to forecast estimated returns, you would take no action regarding Stock A, but you would buy Stocks C and E and sell Stocks B and D. You might even sell Stocks B and D short if you favored such aggressive tactics.
Calculating Systematic Risk: The Characteristic Line 

The systematic risk input for an individual asset is derived from a regression model, referred to as the asset’s characteristic line (or Security Characteristic Line) with the market portfolio:
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The characteristic line is the regression line of best fit through a scatter plot of rates of return for the individual risky asset and for the market portfolio of risky assets over some designated past period, as shown in Exhibit
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The Impact of the Time Interval In practice, the number of observations and the time interval used in the regression vary. Value Line Investment Services derives characteristic lines for common stocks using weekly rates of return for the most recent five years (260 weekly observations). Merrill Lynch, Pierce, Fenner & Smith uses monthly rates of return for the most recent five years (60 monthly observations). Because there is no theoretically correct time interval for analysis, we must make a trade-off between enough observations to eliminate the impact of random rates of return and an excessive length of time, such as 15 or 20 years, over which the subject company may have changed dramatically. Remember that what you really want is the expected systematic risk for the potential investment. In this analysis, you are analyzing historical data to help you derive a reasonable estimate of the asset’s expected systematic risk. Also, the interval effect depended on the sizes of the firms. The shorter weekly interval caused a larger beta for large firms and a smaller beta for small firms.
The Effect of the Market Proxy Another significant decision when computing an asset’s characteristic line is which indicator series to use as a proxy for the market portfolio of all risky assets. Most investigators use the Standard & Poor’s 500 Composite Index as a proxy for the market portfolio, because the stocks in this index encompass a large proportion of the total market value of U.S. stocks and it is a value-weighted series, which is consistent with the theoretical market series. Still, this series contains only U.S. stocks, most of them listed on the NYSE. Previously, it was noted that the market portfolio of all risky assets should include U.S. stocks and bonds, non-U.S. stocks and bonds, real estate, coins, stamps, art, antiques, and any other marketable risky asset from around the world
Example Computations of a Characteristic Line 

The following examples show how you would compute characteristic lines for Coca-Cola based on the monthly rates of return during 2001. Twelve is not enough observations for statistical purposes, but it provides a good example. We demonstrate the computations using two different proxies for the market portfolio.

First, we use the standard S&P 500 as the market proxy. Second, we use the Morgan Stanley (M-S) World Equity Index as the market proxy. This analysis demonstrates the effect of using a complete global proxy of stocks. The monthly price changes are computed using the closing prices for the last day of each month. These data for Coca-Cola, the S&P 500, and the M-S World Index are contained in Exhibit. Next Exhibit contains the scatter plot of the percentage price changes for Coca-Cola and the S&P 500. During this 12-month period, except for August, Coca-Cola had returns that varied positively when compared to the aggregate market returns as proxied by the S&P 500. Still, as a result of the negative August effect, the covariance between Coca-Cola and the S&P 500 series was a fairly small positive value (10.57). The covariance divided by the variance of the S&P 500 market portfolio (30.10) indicates that Coca-Cola’s beta relative to the S&P 500 was equal to a relatively low 0.35. This analysis indicates that during this limited time period Coca-Cola was clearly less risky than the aggregate market proxied by the S&P 500. When we draw the computed characteristic line on Exhibit, the scatter plots are reasonably close to the characteristic line except for two observations, which is consistent with the correlation coefficient of 0.33.
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Effect of Book-to- Market Value: The Fama-French Study

(Fama-French Three Factor Model)

A study by Fama and French attempted to evaluate the joint roles of market beta, size, E/P, financial leverage, and the book-to-market equity ratio in the cross section of average returns on the NYSE, AMEX, and Nasdaq stocks. While some earlier studies found a significant positive relationship between returns and beta, this study finds that the relationship between beta and the average rate of return disappears during the recent period 1963 to 1990, even when beta is used alone to explain average returns. In contrast, univariate tests between average returns and size, leverage, E/P, and book-to-market equity (BE/ME) indicate that all of these variables are significant and have the expected sign.
In the multivariate tests, the results show that the negative relationship between size [ME)] and average returns is robust to the inclusion of other variables. Further, the positive relation between BE/ME and average returns also persists when the other variables are included. Interestingly, when both of these variables are included, the book-to-market value ratio (BE/ME) has the consistently stronger role in explaining average returns. The joint effect of size and BE/ME confirms the positive relationship between return versus the book-to-market ratio—that is, as the book-to-market ratio increases, the returns go from 0.64 to 1.63. Also the analysis shows the negative relationship between return and size—that is, as the size declines, the returns increase from 0.89 to 1.47.

Even within a size class, the returns increase with the BE/ME ratio. Similarly, within a BE/ME deciles, there is generally a negative relationship for size. Hence, it is not surprising that the single highest average return is 1.92, which is the portfolio with the smallest size and highest BE/ME stocks.

The authors conclude that between 1963 and 1990, size and book-to-market equity capture the cross-sectional variation in average stock returns associated with size, E/P, book-to-market equity, and leverage. Moreover, of the two variables, the book-to-market equity ratio appears to subsume E/P and leverage. Following these results, Fama-French suggested the use of a three factor CAPM model and used this model in a subsequent study to explain a number of the anomalies from prior studies.
Questions:

27. Explain why the set of points between the risk-free asset and a portfolio on the Markowitz efficient frontier is a straight line.

28. Draw a graph that shows what happens to the Markowitz efficient frontier when you combine a riskfree asset with alternative risky asset portfolios on the Markowitz efficient frontier. Explain this graph.

29. Discuss what risky assets are in Portfolio M and why they are in it.
30. Discuss leverage and its effect on the CML. 
31. The capital asset pricing model (CAPM) contends that there is systematic and unsystematic risk for an individual security. Which is the relevant risk variable and why is it relevant? Why is the other risk variable not relevant?

32. How does the SML differ from the CML?
33. Briefly explain whether investors should expect a higher return from holding Portfolio A versus Portfolio B under capital asset pricing theory (CAPM). Assume that both portfolios are fully diversified.
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34. Assume that you expect the economy’s rate of inflation to be 3 percent, giving an RFR of 6 percent and a market return (RM) of 12 percent. 


a. Draw the SML under these assumptions.


b. Subsequently, you expect the rate of inflation to increase from 3 percent to 6 percent. 
What effect would this have on the RFR and the RM? Draw another SML on the graph from 
Part a.


c. Draw an SML on the same graph to reflect an RFR of 9 percent and an RM of 17 percent. 
How does this SML differ from that derived in Part b? Explain what has transpired.
35. You expect an RFR of 10 percent and the market return (RM) of 14 percent. Compute the expected (required) return for the following stocks, and plot them on an SML graph.
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You ask a stockbroker what the firm’s research department expects for the above listed three stocks. The broker responds with the following information:
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Plot your estimated returns on the graph and indicate what actions you would take with regard to these stocks. Discuss your decisions.

36. Based on five years of monthly data, you derive the following information for the companies listed:
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a. Compute the beta coefficient for each stock.

b. Assuming a risk-free rate of 8 percent and an expected return for the market portfolio of 15 percent, compute the expected (required) return for all the stocks and plot them on the SML.

c. Plot the following estimated returns for the next year on the SML and indicate which stocks are undervalued or overvalued.


• Intel—20 percent


• Ford—15 perent


• Anheuser Busch—19 percent


• Merck—10 percent

37. The following are the historic returns for the Chelle Computer Company:
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Based on this information, compute the following:

a. The correlation coefficient between Chelle Computer and the General Index.

b. The standard deviation for the company and the index.

c. The beta for the Chelle Computer Company.

38. The following information describes the expected return and risk relationship for the stocks of two of WAH’s competitors.
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Using only the data shown in the preceding table:

a. Draw and label a graph showing the security market line and position stocks X and Y relative to it. 

b. Compute the alphas both for Stock X and for Stock Y. Show your work. 

c. Assume that the risk-free rate increases to 7 percent with the other data in the preceding matrix remaining unchanged. Select the stock providing the higher expected risk-adjusted return and justify your selection. Show your calculations. 

ARBITRAGE PRICING THEORY (APT)
Indeed, in many respects, the CAPM has been one of the most useful— and frequently used—financial economic theories ever developed. However, many of the empirical studies cited also point out some of the deficiencies in the model as an explanation of the link between risk and return. For example, tests of the CAPM indicated that the beta coefficients for individual securities were not stable but that portfolio betas generally were stable assuming long enough sample periods and adequate trading volume. There was mixed support for a positive linear relationship between rates of return and systematic risk for portfolios of stock, with some recent evidence indicating the need to consider additional risk variables or a need for different risk proxies. In addition, several papers criticized the tests of the model and the usefulness of the model in portfolio evaluation because of its dependence on a market portfolio of risky assets that is not currently available.

One especially compelling challenge to the efficacy of the CAPM was the set of results suggesting that it is possible to use knowledge of certain firm or security characteristics to develop profitable trading strategies, even after adjusting for investment risk as measured by beta. Typical of this work were the findings of Banz, who showed that portfolios of stocks with low market capitalizations (i.e., “small” stocks) outperformed “large” stock portfolios on a risk-adjusted basis, and Basu, who documented that stocks with low price-earnings (P-E) ratios similarly outperformed high P-E stocks. More recent work by Fama and French also demonstrates that “value” stocks (i.e., those with high book value-to-market price ratios) tend to produce larger risk-adjusted returns than “growth” stocks (i.e., those with low book-to-market ratios). Of course, in an efficient market, these return differentials should not occur, which in turn leads to one of two conclusions: 

(1) markets are not particularly efficient for extended periods of time (i.e., investors have been ignoring profitable investment opportunities for decades), or 

(2) market prices are efficient but there is something wrong with the way the single-factor models such as the CAPM measure risk.

Given the implausibility of the first possibility, in the early 1970s, financial economists began to consider in earnest the implications of the second. In particular, the academic community searched for an alternative asset pricing theory to the CAPM that was reasonably intuitive, required only limited assumptions, and allowed for multiple dimensions of investment risk. The result was the arbitrage pricing theory (APT), which was developed by Ross in the mid-1970s and has three major assumptions:

1. Capital markets are perfectly competitive.

2. Investors always prefer more wealth to less wealth with certainty.

3. The stochastic process generating asset returns can be expressed as a linear function of a set of K risk factors (or indexes).

Equally important, the following major assumptions—which were used in the development of the CAPM—are not required: 

(1) Investors possess quadratic utility functions, 

(2) normally distributed security returns, and 

(3) a market portfolio that contains all risky assets and is mean variance efficient. 

Obviously, if such a model is both simpler and can explain differential security prices, it will be considered a superior theory to the CAPM. Prior to discussing the empirical tests of the APT, we provide a brief review of the basics of the model. As noted, the theory assumes that the stochastic process generating asset returns can be represented as a K factor model of the form:
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Two terms require elaboration: δj and bij. As indicated, δ terms are the multiple risk factors expected to have an impact on the returns of all assets. Examples of these factors might include inflation, growth in gross domestic product (GDP), major political upheavals, or changes in interest rates. The APT contends that there are many such factors that affect returns, in contrast to the CAPM, where the only relevant risk to measure is the covariance of the asset with the market portfolio (i.e., the asset’s beta).

Given these common factors, the bij terms determine how each asset reacts to the jth particular common factor. To extend the earlier intuition, although all assets may be affected by growth in GDP, the impact (i.e., reaction) to a factor will differ. For example, stocks of cyclical firms will have larger bij terms for the “growth in GDP” factor than will noncyclical firms, such as grocery store chains. Likewise, you will hear discussions about interest-sensitive stocks. All stocks are affected by changes in interest rates; however, some experience larger impacts. For example, an interest-sensitive stock would have a bj interest of 2.0 or more, whereas a stock that is relatively insensitive to interest rates would have a bj of 0.5. Other examples of common factors include changes in unemployment rates, exchange rates, and yield curve shifts. It is important to note, however, that when we apply the theory, the factors are not identified. That is, when we discuss the empirical studies of the APT, the investigators will note that they found three, four, or five factors that affect security returns, but they will give no indication of what these factors represent.

Similar to the CAPM model, the APT assumes that the unique effects (εi) are independent and will be diversified away in a large portfolio. Specifically, the APT requires that in equilibrium the return on a zero-investment, zero-systematic-risk portfolio is zero when the unique effects are diversified away. This assumption (and some theoretical manipulation using linear algebra) implies that the expected return on any asset i (i.e., E(Ri)), can be expressed as:
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This equation represents the fundamental result of the APT. It is useful to compare the form of the APT’s specification of the expected return-risk relationship with that of the CAPM.
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From this summary, it should be clear that the ultimate difference between these two theories lies in the way systematic investment risk is defined: a single, market-wide risk factor for the CAPM versus a few (or several) factors in the APT that capture the salient nuances of that market-wide risk. It is important to recognize, though, that both theories specify linear models based on the common belief that investors are compensated for performing two functions: committing capital and bearing risk. Finally, notice that the equation for the APT suggests a relationship that is analogous to the security market line associated with the CAPM. However, instead of a line connecting risk and expected return, the APT implies a security market plane with (K 1) dimensions—K risk factors and one additional dimension for the security’s expected return.
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Security Valuation with the APT: An Example
Suppose that three stocks (A, B, and C) and two common systematic risk factors (1 and 2) have the following relationship (for simplicity, it is assumed that the zero-beta return (λ0) equals zero):
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E(Rp) =(-0.20) A, + (1.30) A,
E(Rc) = (1.80) A, + (0.50) A




If λ1 = 4% and λ2 = 5%, then the returns expected by the market over the next year can be expressed:

[image: image105.png]E(R,) = (0.80) (4%) + (0.90) (5%) = 7.7%
E(Rp) = (-0.20) (4%) + (1.30) (5%) = 5.7%
E(Rc) = (1.80) (4%) + (0.50) (5%) = 9.7%





which, assuming that all three stocks are currently priced at $35 and will not pay a dividend over the next year, implies the following expected prices a year from now:
[image: image106.png]E(P4) = $35 (1.077) = $37.70
E(Pg) = $35 (1.057) = $37.00
E(Pc) = $35 (1.097) = $38.40




Now, suppose you “know” that in one year the actual prices of stocks A, B, and C will be $37.20, $37.80, and $38.50. How can you best take advantage of what you consider to be a market mispricing?

The first thing to note is that, according to your forecasts of future prices, Stock A will not achieve a price level in one year consistent with investor return expectations. Accordingly, you conclude that at a current price of $35 a share, Stock A is overvalued. Similarly, Stock B is undervalued and Stock C is (slightly) undervalued. Consequently, any investment strategy designed to take advantage of these discrepancies will, at the very least, need to consider purchasing Stocks B and C while short selling Stock A.

The idea of riskless arbitrage is to assemble a portfolio that: (1) requires no net wealth invested initially and (2) will bear no systematic or unsystematic risk but (3) still earns a profit. Letting wi represent the percentage investment in security I the conditions that must be satisfied can be written formally as follows:
[image: image107.png]and w; is “small” for all i [i.e., unsystematic risk is fully diversified]

3. 3w Ri> 0 [ie.. the actual portfolio return s positive]




In this example, since Stock A is the only one that is overvalued, assume that it is the only one that actually is short sold. The proceeds from the short sale of Stock A can then be used to purchase the two undervalued securities, Stocks B and C. To illustrate this process, consider the following investment proportions:
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These investment weights imply the creation of a portfolio that is short two shares of Stock A for each one share of Stock B and one share of Stock C held long. Notice that this portfolio meets the net investment and risk mandates of an arbitrage-based trade:
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Assuming prices in one year actually rise to the levels that you initially “knew” they would, your net profit from covering the short position and liquidating the two long holdings will be:

Net Profit:

[image: image110.png][2(35) — 2(37.20)] + [37.80 — 35] + [38.50 — 35] = $1.90




Thus, from a portfolio in which you invested no net wealth and assumed no net risk, you have realized a positive profit. This is the essence of arbitrage investing and is an example of the “long-short” trading strategies often employed by hedge funds.

Finally, if everyone else in the market today begins to believe the way you do about the future price levels of A, B, and C—but do not revise their forecasts about the expected factor returns or factor betas for the individual stocks—then the current prices for the three stocks will be adjusted by the resulting volume of arbitrage trading to:

[image: image111.png]Py =($37.20) + (1.077) = $34.54
Py =($37.80) + (1.057) = $35.76
Pc=($38.50) + (1.097) = $35.10





Thus, the price of Stock A will be bid down while the prices of Stocks B and C will be bid up until arbitrage trading in the current market is no longer profitable.
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