Chapter 9 and Chapter 10 pp. 229 - 251

Measuring the return of an asset or portfolio by its expected return and the risk by its variance (or standard deviation) of returns

9.1 Returns

Returns on an investment are a result of:

1. Dividends

2. Capital gain (or loss)

regardless if you hold or sell the stock.

Total Return = Dividend Income + Capital Gain/Loss

Percentage Return on an investment = 

Dividend Yield + Capital Gain (%) 

where

Div Yield = Divt+1/Pt
Cap Gain (%) = (Pt+1 – Pt)/Pt
or  Percentage Return on an investment = 

 (PV of dividends over period + Change in Market Value)/Beginning Market Value

9.2 Holding-Period Returns

The book looks at rates of returns for common stocks, small-capitalization stocks, long-term corporate bonds, long-term govt bonds, US treasury bills.

If Rt is the return in year t, the total return from year 1 to year T is the product of the returns in each of the years, or the T-year holding-period return is given by:

T-year holding-period return = (1 + R1) * (1 + R2) * … * (1 + Rt) * … * (1+ RT)

9.3 Return Statistics

Given a frequency distribution of returns, the average return over a time period T is given by: 

Average return = (R1 + … + RT) / T

9.4 Average Stock Returns and Risk-Free Returns

Risk-free return is given by the return on government Treasury bills (or T-bills), auctioned off once a week by the government, typically a pure discount bond that matures in a year or less.  Called so as it is virtually free of risk of default.

Risk premium, or excess return, is given by the additional return of an investment over the risk-free return of a T-bill.  The book highlights the long-run excess of the stock return over the risk-free return, and introduces the concept of variance in returns, or risk.

9.5 Risk Statistics

There is no universally agreed-upon definition of risk.  The book measures it by variance and standard deviation. 

Variance of returns over a time period T = 

1/(T-1) * [(R1 – Average R)^2 + (R2 – Average R)^2 + … + (RT – Average R)^2]

Standard deviation = square root of the variance, the standard statistical measure of the spread of a sample

Stock returns roughly have a normal distribution, a bell-shaped curves symmetric about a mean.  In statistics, this means that the probability of having a return above or below the mean is dependent on the standard deviation (1SD = 68% probability, 2 SD = 95% probability).  

Note that sampling error exists in any individual sample: the distribution of the sample only approximates the true distribution of the parent population.

10.1 and 10.2 Individual Securities, Expected Return, Variance and Covariance

Expected return: The return an individual expects a stock to earn over the next period.

Expected return = sum of (probability of a return*predicted return)

Variance/standard deviation: Measure of the deviations of a security’s return from its expected return.  Indication of volatility.

Variance = expected value of (return – expected return)^2

Standard deviation = square root of the variance

Covariance and correlation: Measure of the interrelationship between two securities.  >0 if there is a positive relationship between the two securities (when one goes up, the other tends to go up); <0 if there is a negative relationship (when one goes up, the other tends to go down); 0 if there is no relationship

Covariance of two securities A and B = 

expected value of [(returnA – expected returnA) * (returnB – expected returnB)]

Correlation = CovarianceAB/(SDA * SDB)

Correlation is always between +1 and –1.

10.3 The Return and Risk for Portfolios
Investors seek the best combination of securities, or portfolio, by seeking high expected returns and low standard deviations of risk.

Expected return of a portfolio = weighted average of the expected returns of the individual securities = 

XA * expected return of A + XB * expected return of B

Variance of a portfolio of two assets, A and B = 

XA^2 * SDA^2 + XB^2 * SDB^2 + XA * XB * covAB
where XA and XB are the proportions of the total portfolio in the assets A and B

The diversification effect illustrates the fact that the standard deviation of a portfolio is less than a weighted average of the standard deviations of the individual securities, as long as there is less than perfect correlation (correlation<1).

10.4 and 10.5 The Efficient Set for Two Assets and Many Securities

Opportunity set/feasible set of a portfolio is all the possible combinations of assets in a given portfolio.

Minimum variance portfolio is a portfolio with the combination of assets resulting in the lowest possible variance, or smallest SD.

Efficient set/efficient frontier: optimal set of combinations

For two asset portfolios, total opportunity set less portfolios with returns less than the minimum variance portfolio.  For many securities portfolios, set of combinations representing highest return for any given level of risk above the minimum variance portfolio.

Two asset portfolios can be represented by curves illustrating the combinations of expected returns and standard deviations given different combinations of assets.  A backward-bending curve indicates diversification effects are present. (See figures 10.3 and 10.4 on pages 241 and 243 for graphical representations)

The variance of the return on a portfolio with many securities is more dependent on the covariances between the individual securities than on the variances of the individual securities.

10.6 Diversification: An example

(Calculates variance of a multi securities portfolio, pages 248 – 250)

Because the variance of a portfolio asymptomatically approaches covariances, each additional security reduces risk.  If there were neither commissions/other transactions costs, it could be argued that one can never achieve too much diversification.

Total risk of an individual security = portfolio risk + unsystematic/diversifiable risk

Total risk  = risk one bears by holding onto one security (var)

Portfolio risk  (aka systematic or market risk) = risk ones still bears after achieving full diversification (related to covariances)

Unsystematic risk (aka diversifiable or unique risk) = risk that can be diversified away in a large portfolio

