Portfolio Theory Basics

Markowitz Portfolio Theory & Efficient Frontier
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Capital Market Theory & Capital Market Line
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Capital Asset Pricing Model & Security Market Line

INTRODUCTION

· Major aim of modern portfolio theory: to reduce risk without reducing returns.

· Risk is defined as the uncertainty associated with the outcome of an event.

· The variance (or standard deviation) measures the dispersion of returns around the expected return. The standard deviation is the square root of the variance. The idea is that the greater the dispersion of possible outcomes the greater the variance or standard deviation.

· Markowitz Model – indicates that the proper goal of portfolio construction should be to generate a portfolio that provides the highest return at a given level of risk. A portfolio having this characteristic is known as an efficient portfolio.

· Markowitz’s mean-variance frame work: the relevant information about securities can be summarized by 3 measures:

1. Mean return

2. Standard Deviation of the returns

3. Correlation with other assets’ returns

Covariance of Returns

· The covariance of returns indicates how the rates of return of two assets move together with one another relative to their means over a period of time. A positive covariance indicates that they move together in the same direction and a negative covariance indicates an opposite direction. A covariance of zero means there is no relationship between the two variables. 

· Although it indicates direction, it does not say much about the strength of the directional movement, since magnitude of covariance depends on the variances of the individual returns as well as on the relationship between the series.

· More information about the strength of the directional movement of the two series of returns can be obtained by standardizing the covariance by the individual standard deviations – yielding the correlation coefficient (rij).
· The correlation coefficient is the pure measure of co-movement between the returns of two assets. The correlation coefficient is unitless and bounded by +1 and -1. When rij is +1, the returns are perfectly correlated. They move together in the same direction. When rij is –1, the returns move perfectly in opposite directions. When rij is 0, the return are not correlated. The key component in any diversification strategy is the correlation of security returns. If correlations are high, then diversification benefits will be minimal. However, as the correlation between security returns falls, diversification benefits rise. The lower the correlation, the greater the diversification.
Markowitz Portfolio Theory & Efficient Frontier
· Fundamental Assumption – The fundamental assumption underlying the markowitz approach to portfolio analysis is that investors are basically risk-averse. This means simply that investors must be compensated with higher return in order to accept higher risk. Consequently, given a choice, for example, between 2 securities with equal rates of return, an investor will select the security with the lower level of risk, thereby rejecting the higher-risk security. In more technical terms, this assumption means that investors maximize expected utility rather than merely trying to maximize expected return. Utility, a measure of satisfaction, considers both risk and return.


· Markowitz’s Efficient frontier - is the graph of the risk return trade-off. Because of the less than perfect correlation that exists between stocks, the risk return trade-off bows backward toward the Y-axis. Portfolios on the efficient frontier are efficient in that there is no other combination of stocks that offer that high a return for the risk taken. That is, the efficient frontier represents the set of portfolios that will give the highest return at each level of risk.
· Combining the efficient frontier and an investor’s indifference curve map will indicate which efficient portfolio satisfies the investor’s risk return trade-off.


Capital Market Theory & Capital Market Line

· Transition from Markowitz’s Portfolio Theory: Markowitz’s efficient frontier did not consider the existence of a risk-free asset. Adding the risk-free asset to the Markowitz’s portfolio construction process allows portfolio theory to develop into capital market theory. The introduction of a risk-free asset changes the Markowitz efficient frontier into a straight line. This straight efficient frontier line is called the capital market line.
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· The Capital Market Line indicates that the expected return on a portfolio is equal to the risk free rate plus a risk premium, equal to the price of risk (as measured by the difference between the expected return on the market and the risk-free rate) times the quantity of market risk for the portfolio (as measured by the standard deviation of the portfolio).
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E(Rp) = Rf + Market Price of Risk x Quantity of Market Risk

· 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 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.

· Slope of the CML: 

. 

The numerator is the expected return of the market beyond the risk-free return. It is a measure of the risk premium, or the reward for holding the risky market portfolio rather tan the risk-free asset. The denominator is the risk of the market portfolio. Thus, the slope of the capital market line measures the reward per unit of market risk. 

· Sharpe Ratio – A relative measure of a portfolio’s benefit-to-risk ratio, calculated as its average return in excess of the risk-free rate divided by its standard deviation; i.e. indicates the risk premium return earned per unit of total risk.

· Alpha (Jansen Measure) – The expected risk-return relationship of individual securities may deviate from that suggested by SML and CAPM and that difference is called the asset’s alpha. That is, alpha is the difference between the fair and actually expected rates of return on a stock. Alpha is computed as the asset’s expected return less the sum of the risk free return plus the product of the asset’s risk premium and its beta.
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· Separation Theorem – The proposition that the investment decision, which involves investing in the market portfolio on the capital market line, is separate from the financing decision, which targets a specific point on the CML based on the investor’s risk preference.

Capital Asset Pricing Model & Security Market Line

· The Capital Asset Pricing Model (CAPM) allows us to find the returns required for a given level of risk

· When return is plotted against systematic risk (beta) rather than total risk ((), you get the security market line (SML). The equation of the SML is:

ERstock = Rf + Beta stock (ERM-Rf)

· The equation is called the capital asset pricing model (CAPM). The CAPM is a single risk factor (beta) model explaining security return.

· Security Market Line (SML): is the relationship between risk, as measured by the risky asst’s covariance with the market, and its required return.

· The systematic risk for any asset is measured by its Beta which is calculated as the periodic covariance between the security’s return and the market’s return, expressed as a proportion of the variance of the market index. 
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· Beta measures how volatile the asset has been, compared with the market average. The risk premium can be estimated from the Beta, in proportion to the market risk premium.





Rx = Rf + Beta ( Rm – Rf)

· Further Explanations: The term beta, is the slope of the market model for the assets, and measures the degree to which the historical returns on the asset change systematically with changes in the market portfolio’s return. Hence, beta is referred to as an index of that systematic risk due to general market conditions that cannot be diversified away. In other words, the Beta of a risky asset captures the volatility of the risky asset relative to that of the market portfolio.

· Beta=0, means the security is risk-free (systematic risk only).

Beta=0.8, means the security is 20% less volatile than the market portfolio.

Beta=1, means the security is as volatile as the market.

Beta=1.3, means the security is 30% more volatile than the market.

· Systematic Risk – refers to fluctuations in asset prices caused by macroeconomic factors that

· are common to all risky assets and 

· cannot be diversified away; hence systematic risk is often referred to as market risk.

· Examples of systematic risk factors include the business cycle, inflation, monetary policy and technological changes.

· Firm-Specfic Risk – refers to fluctuations in asset prices caused by factors that are independent of the market such as industry characteristics or firm characteristics. Examples of firm-specific risk factors include litigation, patents, management, and financial leverage. 

· Impact on Portfolio Risk as the no. of securities in a portfolio is increased
· The systematic risk depends on the sensitivity of the individual assets to market movements as measured by beta. Assuming the portfolio is well-diversified, the number of assets will not affect the systematic risk component of portfolio variance. The portfolio beta depends on the individual security betas and the portfolio weights of those securities.

· On the other hand, the components of firm-specific risk are not perfectly positively correlated with each other and as more assets are added to the portfolio those additional assets tend to reduce portfolio risk. Hence, increasing the number of securities in a portfolio reduces firm-specific risk. For example, a patent expiration for one company would not affect the other securities in the portfolio. An increase in oil prices might hurt an airline stock but aid an energy stock. As the number of randomly selected securities increases, the total risk (variance) of the portfolio approaches its systematic variance.

· Decomposing Total Risk using the Market Model
· The total risk of the return of asset i as measured by the variance of its returns can be expressed as:

    Var (Ri) = (I2 Var (Rm) + Var ((I)

· The equation says that the total risk as measured by Var(Ri) is equal to the sum of:
1. The market or systematic risk as measured by (I2 Var (Rm), and

2. The unique or unsystematic risk as measured by Var ((I).

· In well-diversified portfolio, the unique risk is eliminated. Consequently the above equation can be rewritten as:   


Var (Ri) = (I2 Var (Rm)

· Therefore,  (I = 


· If (I is substituted into the equation used in CML, we have the beta version of the SML or capital asset pricing model:

E(Ri) = Rf + (I [E(Rm - Rf)]

· SML:
1. Movement along the SML - due to a change in the asset’s fundamental risk or its systematic risk. 

2. Changes in the slope of the SML - due to a change in the attitudes of investor toward risk.

3. Parallel Shifts in SML – due to changes in capital market conditions, expected growth in economy or expected inflation.

· CML v. SML
· As opposed to the CML, which only prices the risk of an efficient portfolio of risky assets, the Security Market Line (SML) provides the exact pricing of the risk of an individual risky assets placed in a market portfolio. 

· The CML uses total risk on the X-axis. Hence, only the market portfolio will plot on the CML. On the other hand, the SML uses beta (systematic risk) on the X-axis. Thus, all properly priced security will plot along the SML.

Stock held in Isolation

· When a stock is held in isolation, standard deviation is the relevant risk measure. For assets held in isolation, beta as a measure of risk is irrelevant. Although holding a single asset in isolation is not typically a recommended investment strategy some investors may hold what is essentially a single-asset portfolio. For such investors, the relevance of standard deviation versus beta is an important issue. 
· In particulars, both standard deviations and Sharpe ratio are the relevant measures on picking one single asset.
Adding one single asset to a Well-diversified Portfolio

· Risk in a Portfolio Context – The riskiness of a portfolio will depend on how a security blends with the existing securities and contributes to the overall risk of a portfolio. The covariance is a statistical that measures the riskiness of a security relative to others in a portfolio of securities. In essence, the way securities vary with each other affects the overall variance, hence the risk, of the portfolio. 

· Looking for lower Beta stock. Only beta is the relevant risk instead of total risk.

· Correlation is another critical factor.

· Looking for higher alpha stock.

Undervalued and Overvalued Assets

· If an asset is undervalued, it offers returns in excess of what is required. Undervalued assets returns will plot above the SML line (Higher return ⇒ lower price). Overvalued assets will plot below the SML, and properly valued assets will plot on the SML.

More CFA info & materials can be retrieved from the followings:

For visitors from Hong Kong: http://normancafe.uhome.net/StudyRoom.htm
For visitors outside Hong Kong: http://www.angelfire.com/nc3/normancafe/StudyRoom.htm



� EMBED Equation.3  ���





											 CML


                                 Borrowing





     Lending


					 M





THE KEY CONCEPT


Markowitz Portfolio Theory - Portfolio risk can be reduced by combining assets with counterbalancing covariances or correlations, i.e. diversification. The theory itself is driven by the covariance term (rl,a (1(2) in the standard deviation equation: 


(2 stock portfolio = [W12 (12 + W22 (22 + 2W1W2 (1(2 rl,a]1/2


If the correlation coefficient is less than +1 there are benefits to diversification. For any given set of stocks the optimal level of diversification is determined by the proportion of funds invested in each stock (Wi). But the maximum amount of risk reduction is predetermined by the correlation coefficient. Thus, the correlation coefficient is the engine that drives the whole theory of portfolio diversification. In particulars, there is an inverse relationship between correlation and diversification. The lower the correlation, the greater the diversification. 


By combining securities that are not perfectly correlated, one is able to reduce risk (i.e., the standard deviation of returns) without sacrificing return. This possible because firm-specific, unique risks are diversifiable while the market risk is non-diversifiable. The market risk of a security or portfolio is referred to as beta. The beta of a portfolio is a weighted average of the betas of the individual stocks in the portfolio.








PAGE  
6
Norman Cheung

Portfolio Theory Basics

_1015769370.unknown

_1066819531.unknown

_1067196797.unknown

_1049500271.unknown

_1066763734.unknown

_1015771436.unknown

_1015768857

