Chapter 10
Capital Markets and the Pricing of Risk

Common Measures of Risk and Return (Based on Probabilities)

Probability Distributions

Different securities have different prices, dividend amounts, etc. To make them more comparable, we express their performance in terms of their return. A riskier investment has more possible returns. Each return has a likelihood of occurring. Each return, R, has a certain probability, PR, of occurring, which is summarized in a probability distribution. For example, the following stock costing $100 has a 25% chance of being priced at $140, 50% at $110, and a 25% at $80 one year from now.

	Current Price
	Price in One Year
	Return, R
	Probability, PR

	$100
	$140
	40%
	0.25

	$100
	$110
	10%
	0.50

	$100
	$80
	-20%
	0.25




Expected Return

Given the probabilities of returns the expected return (mean), or the weighted average of the possible returns, can be calculated:

E[R] =  SUM(PR * R)

With the above example, the expected return is as follows:

E[R] = (0.25)(0.4) + (0.5)(0.1) + (0.25)(-0.2) = 0.1

Therefore, the expected return of the investment is 10%.


Variance and Standard Deviation (Based on Probabilities)

Two measures of the risk of a probability distribution are its variance and standard deviation. 

[bookmark: _GoBack]Var(R) = SUM ( PR * (R – E[R])2 )
**E[R] = Expected Return
SD(R) = √Var(R)

In example 1, the variance would thus be:

Var(R) = (0.25)(0.4 – 0.1)2 + (0.5)(0.1 – 0.1)2 + (0.25)(-0.2 – 0.1)2 = 0.045
SD(R) = √0.045 = 0.212 = 21.2%

If finance, the standard deviation is known also as volatility. While both measures are a means to gauge the variability, the SD is easier to interpret because it is in the same units as return. Therefore, if two securities are analyzed, the one with a lower SD is less volatile. For instance, assume BlackBerry is equally like to return +45% or -25%. The expected return would be 10%. The SD would be 35%. This makes BlackBerry relatively more volatile compared to example 1. Of course, not all probability distributions are know; a popular approach then lies in extrapolating from historical data, which is a sensible strategy if we believe the economic environment to remain stable.



Historical Returns of Stocks and Bonds (Based on Actual Data)

Computing Historical Returns

The realized return is the return that actually occurs over a particular time period. The realized return is thus the profit (or loss) made from the sale of the stock, and any dividends gained during ownership of the stock.

Rt + 1 =  ( Divt+1 + Pt+1   /   Pt) – 1 = Dividend Yield + Capital Gain Rate

If stocks are held beyond the first dividend payment, we will assume that dividend payments are reinvested into the company. For instance, if each dividend is returned per quarter, then the annual return is calculated as (aka geometric return, vs arithmetic return which would simply be all returns added together):

RAnnual = (1 + RQ1) + (1 + RQ2) + (1 + RQ3) + (1 + RQ4) – 1

Example:

	Date
	Price of Share ($)
	Dividend ($)
	Return

	Q4 2007
	41.78
	
	

	Q1 2008
	40.35
	0.2042
	-2.93%*

	Q2 2008
	40.64
	0.2470
	1.33%

	Q3 2008
	44.71
	
	10.01%

	Annual Return
	
	
	8.21%**



*The return in the first quarter of 2008 is calculated as:
R = (0.2042+40.35/41.78) – 1 = -2.93%

**The annual return is calculated as follows:
R2008 = (1 – 0.0293)(1 + 0.0133)(1 + 0.1001) – 1 = 8.21%



Average Annual Returns

The average annual return is simply the average of the realized returns for each year. If the returns are from year 1 through year T, then the average annual return is:

R(bar) = (R1 + … + RT) / T

The historical average annual return can be used as a means of estimating the expected return.


The Variance and Volatility of Returns (Based on Realized/Actual Returns)

The variance/SD of a return can be calculated by using the average annual return instead of the mean as the expected return.

The variance of realized returns is different from the variance of probabilities:

Var(R) = SUM(RT – R(bar))2 / (T – 1)

Should we use the variance for realized returns (historical data) or the variance of probability?
Technical traders look only at historical data for patterns. Probabilities are hard to figure out.


Using Past Returns to Predict the Future: Estimation Errors

To estimate the cost of capital for an investment we need to determine the expected return an investor requires (to compensate for risk). One approach is to assume that return distributions of the past are similar to the return distributions in the future for similar investments.  Two problems with this approach:

1) We don’t know what investors expected in the past, we can only observe actual results.
2) The average return is just an estimate of the expected return.

Standard Error
The standard error is the standard deviation of the estimated value of the mean of the actual distribution. It is the deviation of the average return. It provides an idea how far the sample average might deviate from the expected return.



The 95% confidence interval for the expected return is defined as:

Historical Average Return +- (2 * SD)


	Limitations
Individual stocks may have existed only for a short period of time, providing little or inaccurate data. The average return investors earned in the past is not a reliable estimate of a security’s expected return.


Common vs. Independent Risk

Why is the risk of individual security different form the risk of a portfolio composed of similar securities?

Individual securities may have a 5% probability of a decrease in price (lose value). A portfolio of securities is thus quite predictable if all the securities are equally priced. Around 5% will lose value. Because this is quite predictable (and no surprise) there is almost no risk. In turn, a single large security will either be all or nothing, a much higher risk.

When risk is perfectly correlated amongst several securities this is known as common risk. If the risk is independent (uncorrelated) from one security to another then it is an independent risk. The averaging out of independent risks in larger portfolios is known as diversification.


Diversification in Stock Portfolios

Firm Specific vs. Systematic Risk

Stock (and dividend) prices fluctuate due to two type of risks:
1. Firm-specific risk – good or bad news about the company itself.
2. Market-wide (systematic) risk – news about the economy as a whole, which affects all firms.

Firm-specific risks are independent risk and are also known as idiosyncratic, unique, or diversifiable risk.
Fluctuations due to market-wide risks are also known as systematic, or undiversifiable risk.

A portfolio that contains stocks that only experience systematic risk are not diversified because the portfolio will always return the same as the economy. Stocks that only experience market-risk and not firm-specific risk are known as Type S.
Type I firms are those that only have firm-specific risk. Therefore, the more firms this portfolio has, the more diversified it will be. For instance, if each share has an equal chance of gaining 35% or losing 25% then the overall/average return will be (0.5)(0.35) + (0.5)(0.25) = 5%.
A portfolio consistent of Type S and Type I stocks will provide a return that is in between the returns of a portfolio made solely out of Type S and Type I stocks.

Suppose the expected return of Type I firms exceeds the risk-free rate; investors could diversify the firm-specific risk by holding a large portfolio, which could earn a return higher than the risk-free rate. This is similar to an arbitrage opportunity.
Measuring Systematic (Market) Risk

As mentioned, investors can reduce firm risk through diversification. Systematic or market risk can’t be reduced through diversification. In exchange for bearing systematic risk, investors want to be compensated with a higher expected return. In order to calculate the expected return we must first calculate the systematic risk.

An Investment’s Sensitivity to Systematic Risk

If we want to observe how sensitive a stock is to systematic risk we can look at the average change in the return for the stock for each 1% change in the return of a portfolio that fluctuates solely due to systematic/market risk.

The key step is finding a portfolio that contains only systematic risk. Changes in price of this portfolio will correspond to the systematic changes in the economy. This is known as the efficient portfolio. An efficient portfolio cannot be diversified any further to reduce risk.

The best way to identify an efficient portfolio is a key question in finance. Because diversification improves with the number of stocks held, an efficient portfolio should be a large portfolio containing many different stocks, a natural candidate is the market portfolio. This is a portfolio that contains all the stocks in the market. Because it is difficult to find information on many small stocks, it is common practice to use large market index portfolios as an approximation for the market portfolio, such as the S&P 500. Some argue that country specific indices are not diversified enough and a world index should be used instead.

Beta and Systematic Risk

If we assume that the market portfolio is efficient then changes in the market portfolio’s return can be measured through beta, ß. The beta is the expected percentage change in the excess return of a security for every 1% change in the excess return of the market portfolio.



Beta and the Cost of Capital

The market risk premium reflects investors’ risk tolerance and determined the market price of risk in the economy. The market risk premium is calculated:

Market Risk Premium =   E[RMkt] - rf

The Market risk premium is the reward investors expect to earn for holding a portfolio with a beta of 1 – the market portfolio. An investment opportunity with a beta of 2 implies that the investment carries twice as much systematic risk and an investment in the market portfolio. That is, for each dollar we invest in the investment opportunity, we could invest twice as much in the market portfolio at the same risk. So, to invest in the opportunity (where ß = 2) the risk premium will have to be twice as much.
In summary, the beta of an investment can be used to determine the scale of the investment in the market portfolio that has an equivalent systematic risk.

Estimating a Traded Security’s Expected Return from Its Beta:

E[Ri] = rf + ß*(E[RMkt] – rf)

Note:

Volatility and beta are not the same. Volatility measure overall (market, and firm specific) risk, whereas beta measures the sensitivity to systematic risk. 
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