INTRODUCTION TO INVESTMENTS 

AND 

THE MEASUREMENT OF INVESTMENT RETURNS AND RISK 

Objectives 

The first objective of this module is to gain a broad understanding of the nature and meaning of investments. 

The second objective is to understand how to measure outcomes when investing in a single asset. That is the measurement of investment returns and risk.

Return and risk measurement is considered in a variety of different situations and contexts. These include the following: The computation of returns and risks in the historical (ex-post) investment setting and in the future (ex-ante) setting. Computing discrete rates of returns versus continuously compounded returns. The computation of returns over a single investing period versus computing returns over multiple investing periods. 

At the end of this module students should be able to compute returns and risks in the context of investing in a single asset in a variety of contexts. 

Prescribed reading:


1.
Bodie, Kane & Marcus (BKM)- 





Chapter 24 section 1




Chapter 5 

Chapter 1





Appendix A (quantitative review) section 1

2. Article: "Return&Risk.pdf"

Please download this from the Blackboard ‘Article Folder’




The plan of topics that will be discussed


1.  
Introduction to 'Investments'.


2.  
Measurement of ex-post investment returns



Single period returns



Discrete versus continuously compounded returns



Multiple period returns


3.  
Measurement of ex-post investment risk


4.  
Measurement of ex-ante investment returns


5.  
Measurement of ex-ante investment risk


6. 
The relationship between risk and returns 



1. 
The meaning of 'Investments' and the investment process 

*
We assume that all individuals seek to maximise their wealth. i.e. satisfaction (utility) is a positive function of wealth.

*
Individuals seek to increase their wealth by making investments that are expected to yield a positive rate of return. 

If investment opportunities provide a rate of return that is higher than market lending rates, investors may well borrow and invest money in order to increase their wealth.

*
Investment and uncertainty

Investments are usually associated with risk and uncertainty. We assume that all investors are averse to risk. Therefore, investors would demand a higher return for undertaking more risky investments.

*
Real assets vs. financial assets

Investments can be made in a variety of assets, consisting of real assets such as property and antiques or financial assets such as stocks and bonds. In this course, we confine our interest to investments in financial assets. This includes all types of securities such as stocks, bonds, options and futures.

*
Investment, speculation and gambling 

In this course investments are distinguished from speculation and gambling activities. Speculation and gambling are usually associated with high levels of  uncertainty and often, negative rates of returns. We do not include them in our definition of 'investments'.

*
The investment process

There are several steps investors typically follow in the investment process

(1) Set investment goals. That is, the investor must have some idea of the amount to be invested, the investment horizon and the degree 
of risk willing to be undertaken. 

(2) Asset selection and portfolio formation. 

(3) Ongoing review and revision of portfolio.

(4) Evaluate portfolio performance at periodical intervals.

2. The measurement of investment returns and risk

Ex-post versus Ex-ante measures of returns and risk

We first take up the measurement of returns and risk on past or historical (Ex post) investments and then consider the measurement of returns and risk on future (Ex ante) investments.

The measurement of ex post, single period, discrete rate of return 

Consider the investment made in a dividend paying stock. The single period, discrete rate of return from this investment is:

Value of stock at beginning of year        
    
=   Vt-1
Value at end of year                           

=   Vt

Dividends received during the year                 
=   Dt                

(assume its received at the end of the period)

Rate of return in holding stock over the year        Rt  = 
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Example

Assume the value of ABC stock at beginning of year is $ 37 and the value at end of year is $ 40 and dividends received during the year is $ 1.85.                

Dollar return from the stock
 

=  40 + 1.85 - 37 = $ 4.85

Rate of return from holding stock over the year R=   
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  =  13.11%
Decomposing  returns to dividend yield and capital gain components 

Income component of dollar return 

=  $ 1.85

Capital gain component of dollar return 

=  $ 40 - 37  = $ 3

Dividend yield (income component) of  rate of return      =   
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 = 5%
Capital gain component of rate of return = 
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 = 8.11%
Total rate of return



=   8.11% +5% = 13.11%

Measuring multi-period returns

Suppose an investment over yearly periods t1, t2 and t3 yields returns of R1, R2  and  R3. What is the total return over the three years. 
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The total return over the three years, RT with annual reinvesting (compounding) is given by

 

RT = (1+R1)(1+R2)(1+R3) - 1

Example
Suppose the calculated rate of return on investing in ABC stock is 11% in year 1, -5% in year 2 and 9% in year 3. The total return over the 3–year period is:



RT = (1+.11)(1-.05)(1+.09) – 1 =   .1494 = 14.94%

Measuring the average rate of return from a multi-period investment

Two alternative ways of measuring the average return over the entire period are

(i)  The arithmetic mean rate of return 


RA
=  ( R1 +  R2  +  R3)/3

This is a measure that best describes the return in any one single year. It assumes that the return earned in each period is withdrawn by the investor, and so the principal invested in each succeeding period is unchanged.  

Example
Suppose the calculated rate of return on investing in ABC stock  is 11% in year 1,  -5% in year 2 and 9% in year 3. The average return over the three periods is.


RA
= ( .11 - .05  + .09 )/3   =  .05  = 5%

(ii)  The geometric mean rate of return

     (or mean holding period return)


RG
=  [(1+R1)(1+R2)(1+R3)]1/3 -1

This is a measure that describes the average return earned over the period when the principal invested at the beginning is left to grow over the entire investing period.

In the ABC stock example, R1=11% R2 =-5% and R3= 9%


RG
=  [(1+.11)(1-.05)(1+.09))]1/3 -1   =  .0475  =  4.75%

Exercise

If the initial investment in ABC stock is $100, calculate the value of the investment at the end of each year assuming compound growth.

V1 =
      

V2 =


V3 =
Verify that $100 growing at the rate of 4.75% per year for three years will equal V3
Which is the better measure of investment,  RA or RG ?

Consider the price of stock A which is $40, $60 and $40 at time t0, t1 and  t2 .

The returns in periods 1 and 2 would then be R1=50% and R2=-33.33%. 

The arithmetic mean return is RA = (R1+R2)/2  = 8.35%. 
The geometric mean return is RG  =  [(1+R1)(1+R2)]1/2 -1  






     = [(1.5)(.67)]1/2 -1 = 0

Which number makes more sense? Comment.

Calculating the mean rate of return when there are capital withdrawals and/or contributions over the life of the investment - the Internal Rate of Return or the dollar weighted rate of return

Soppose the initial investment in ABC is V0 and a further share purchase of C1 was made in year 1 and shares to the value of C2 were sold in year 2 and the stock value in year 3 is V3
The internal rate of return RI is given by
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Exercise 

If the initial investment in ABC stock is $100, and a further capital contribution of $10 was made at the end of year 1, and $20 dividends received was withdrawn at the end of year 2, what is the internal rate of return if the value of the investment at the end of year 3 is $120? 
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by trial and error  RI =  9%  approx

Measuring returns with continuous compounding (log returns)

When rates of return are calculated for theoretical purposes we often assume that the growth in the stock value is continuous or in other words, we assume continuous compounding.

Value of stock at beginning of year        
=   Vt-1
Value at end of year                           

=   Vt

If the annual c.c. growth rate is Rc, then
Vt
=  
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Rc
= 
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Example:

Value of ABC stock at beginning of year       =   $ 37

Value at end of year                           
         
=   $ 40
Continuously compounded return

=   Ln (40/37)  =  7.8%

The relationship between discrete and continuously compounded returns
If the discrete return of ABC stock is  R, its continuously compounded return Rc is given by the following 





Rc  = Ln (1+ R)

Proof:

We know that 
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Rc  = 
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(2)
by substituting  for  
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 in equation (2)

we get



Rc  = Ln (1+ R)

or
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Measuring multi period returns when returns are continuously compounded

Continuously compounded returns are additive.

If the continuously compounded returns for periods 1 and 2 are R1 and R2 respectively, the total return for periods 1 and 2 are R1 + R2.

Exercise 

Show that if XY stock was selling at $100 in January and its price was $90 in June and $95 in December, its annual log return is the sum of the half yearly log returns.  
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R1 = Ln (90/100) = -.1054




R2 = Ln (95/90) = .0541



R1 + R2 = -.0513



RT = Ln (95/100) = -.0513




3. MEASUREMENT OF RISK

Measuring the ex-post risk of an investment

Risk is viewed as the variation of returns from an expected or mean value, or in other words its volatility. Suppose an investment made in a stock for several months and rates of returns are measured at monthly intervals. The monthly rates of returns will usually vary from month to month. Volatility of the returns is measured as the dispersion of the distribution of returns around the mean monthly return. 

Example:

Given monthly return data over some period for ABC and XYZ a frequency distribution of rates of returns can be plotted as follows.
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Although the mean return of ABC = mean return of XYZ,  XYZ is riskier because its distribution is wider and  is more likely to give low returns such as 2%.

The most common method of measuring the dispersion of the distribution is by the variance or standard deviation. 

Calculating the variance and standard deviation of returns

Suppose you have n monthly returns r1,r2,.........rn and the arithmetic mean return is R

Variance of returns     (2 =  
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Note that when we deal with a sample of observations instead of the entire population of observations, the divisor in the formula is taken as n-1 rather than as n in calculating the variance.

Standard Deviation   =  (Variance)1/2  =  (
Example

Calculate the variance and standard deviation of monthly returns given the following monthly returns realised by investing in ABC stock: 11% in month 1, -5% in month 2 and 9% in month 3. 

Mean return =  5%

Variance of returns
=  [(.11- .05)2 + (-.05-.05)2 + (.09- .05)2]/3




= .0017

Standard deviation
=  .0416

Annualising variance and standard deviation

Variance increases linearly with time. For example, if quarterly variance is 
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Exercise

1. Given that the monthly standard deviation of ABC stock returns is .0416, calculate its annualised variance and standard deviation. 

The distribution of stock returns
The methods of investment analysis used in Finance assume that the distribution of returns is normally distributed or bell shaped. When return distributions are normal, the mean and the variance (or standard deviation) of the distribution can fully describe all the characteristics of the investment outcomes. This is why investment analysis is also referred to as mean-variance investment analysis. The normality assumption underlies most finance theories in use today. 

In actual fact however, return distributions do exhibit some deviations from normality. For example, some distributions can exhibit asymmetry, where tail of the distribution is longer than the other. This is called a skewed distribution. Other distributions can have fat tails, referred to as kurtosis.  

But finance practitioners assume that these deviations from normality are not serious enough to invalidate the theories of finance that rely on the normality assumption. 


4. From the Past to the Future: Calculating Ex-ante Rates of Returns 

Due to future uncertainties, the future return from investing in a stock is a random variable. The future return can take a range of values depending on the state of the world realised in the future. The probability distribution of these values is assumed to be normally distributed.

Calculating the expected rate of return

In order to calculate the expected returns, the probable future states of the world over the investing period, the probabilities of these states occurring and the conditional return given the occurrence of each state must be estimated.



state

probability

conditional return
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The expected return is calculated as
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where

Pi  =  probability of state i occurring




n    =  total number of possible states 




ri  =  conditional rate of return given state i occurs

5. The Ex-ante Risk measure: Variance of Ex-ante Conditional Returns

The variance of conditional returns is 
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Example

Suppose that we expect economic conditions next year to be one of possible three: boom, slow growth or recession. The probabilities of these states occurring are estimated as .3, .4 and .3. The conditional yearly returns from ABC stock, given the occurrence of each state are 30%, 10% and -10%

Calculate the expected return of ABC and the variance of its returns 

E(r)  =  .30(.3)  + 10(.4)  -  10(.3)  =  .10

Return variance  = (.30-.10)2(.3) + (.10-.10)2(.4) +(-.10-.10)2(.3) = .0240

 Std. deviation =  (Variance)1/2  =  .1549

6. The Risk Return Trade-off

The historical record

The historical evidence shows that there has been a positive relation between risks and returns of assets. That is, investments with higher risk have on average provided higher returns. 

Table 5.2 in BKM illustrates the relation between the level of risk and the average return earned by several asset categories; large stocks, small stocks Treasury bonds and Treasury bills etc. in the US between 1926 and 2002. One can see that the asset categories, whose standard deviation of returns has been high has earned a higher average return. 
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