BUSINESS FINANCE 
WEEK 11: RISK AND RETURN 

Instructor: Dr. Charity Njoka (PhD)


At the end of this lecture, you should be able to:

1. Define risk and return
2. Calculate risk and return of a single asset.
3. Calculate risk and return of a portfolio
4. Discuss the different types of investor attitudes toward risk.

1.0 Introduction
Organizations must recognize that risk must be considered in determining value and making investment choices. Valuation and an understanding of the trade-off between risk and return form the foundation for maximizing shareholder wealth. The risk associated with a project may be defined as the variability that is likely to occur in the future returns from the project. Harry Markowitz, derived the expected rate of return for a portfolio of assets and an expected risk measure.  Under the Markowitz 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

2.0 The concept of Risk and Return 

The concept of risk and return in finance is an analysis of the likelihood of challenges involved in investing while measuring the returns from the same investment.  The underlying principle is that high-risk investments give better returns to investors and vice-versa. Hence, the price of the risk is reflected in the returns. Nevertheless, high-risk investments don not always generate higher revenue. That is precisely the ‘high risk’ involved in investing. It is a coin-tossing situation, and the investor should be prepared for both scenarios – profit and loss. Hence the consideration of probability of occurrence of events/ cash-flows or returns in investments under consideration.



2.1 Probability

Probability is a measure about the chances that an event will occur. When an event is certain to occur, probability will be 1 (100%) and when there is no chance of happening an event probability will be 0 (0 %)

Illustration 
Cash flows for project BEE are expected as follows,
	Assumption 
	 Cash Flows ($) 
	Probability

	Best
	300,000
	0.3

	High
	200,000
	0.6

	Low
	120,000
	0.1



In the above example chances that cash flow will be 300,000, 200,000 and 120,000 are
30%, 60% and 10% respectively.

Expected Return/Net Cash Flows
Expected Cash flows are calculated as the sum of the likely Cash flows of the Project multiplied by the probability of cash flows. Expected Cash flows are calculated as below:


Where, 
E(R)/ENCF = Expect Return/ Expected Net Cashflows
Pi = Probability of Cash flow
Ri = Cashflows

Illustration 
From our illustration of Project BEE above calculate the expected cashflows. 




Solution
	Assumption(1)
	 Cash Flows ($) (2)
	Probability(3)
	Expected Cashflow($) (2x3)

	Best
	300,000
	0.3
	300,000 × 0.3= 90,000

	High
	200,000
	0.6
	200,000 ×0 .6=120,000

	Low
	120,000
	0.1
	1,20000 × 0.1=12,000

	Expected Net cash flow (ENCF)                                                                         232,000




2.2 Attitudes towards Risk
	Three possible attitudes towards risk can be identified.  These are:
	(a)	Risk aversion
	(b)	Desire for Risk
 	(c)	Indifference to Risk

	A Risk averter (Risk averse person) is an individual who prefers less risky investment.  Given two projects with different risks, a risk averter will chose the one with lower risk. The basic assumption in financial theory is that most investors and managers are risk averse.

	Risk seekers (Risk lovers) on the other hand are individuals who prefer risk.  Given a choice between more and less risky investments with identical expected monetary returns, they would prefer the riskier investment.

	Risk Neutral: The person who is indifferent to risk would not care which investment he or she received. He can chose any investment.
          
	Illustration 
	To illustrate the attitudes towards risk assume two projects are available.  The cashflows are not certain but we can assign probabilities to likely cashflows as follows,

	States of nature             Project A's	   Project B's	Probability
	                                        Cashflow	Cashflow
	Optimistic prediction      $ 900,000	600,000            0.2
	Moderate prediction          600,000	600,000            0.6
	Pessimistic prediction       300,000	600,000            0.2

	Required: a) Calculate the expected cashflows
                          b) Which project appeals to 	i) Risk averter and  	ii) Risk seeker investor?
 Solution
a) The expected cashflow would be computed as follows:

	Project A
	Expected cashflow	= 900,000 (0.2) + 600,000 (0.6) + 300,000 (0.2)
				=	$ 600,000

	Project B
	Expected cashflow	= 600,000 (0.2) + 600,000 (0.6) + 600,000 (0.2)
				=	$ 600,000

Therefore, the two projects have the same expected cashflows ($ 600,000). 

However, Project A is a riskier project since there is a chance that the cashflow might be $ 300,000. 
Project B on the other hand is a less risky project since we are sure that $ 600,000 will be received.

	b) A risk seeker would choose Project A 
              A risk averter would choose Project B.  
              A risk neutral decision maker would be indifferent between the two projects since the expected cashflows are equal.



3.0 Measurement of Risk- A Case of Single Asset 
	A number of basic statistical devices may be employed to measure the extent of risk inherent in any given situation.  
Three important measures are:
(a)  Variance /Standard Deviation 
b)  Coefficient of Variation 
c) Beta (ß) – This is widely used with portfolios-a group of assets/investments held together. This is measure of non- diversifiable risk.

 3.1 Variance / Standard Deviation
Variance is a measure is of degree of dispersion between numbers in a data set from its average. In simple terms, it is the measurement of the difference between the averages of the data set from every number of the data set.
It is calculated as follows 


   is the Variance 
NCFj- Net cash flows
ENCFj – Expected net cashflows
Pj- Probability

Variance measures the uncertainty of a value from its average. Variance of Zero indicates that cashfllows would be generated over the lifetime of the project would be the same.
A large variance indicates that there will be large variability between cashflows of different years
A small variance indicates that there will be cashflows will a somewhat stable throughout the life of the project.

Standard Deviation
 Standard deviation is the degree of variation of individual items of set of data from its average. The square root of variance is called standard deviation.  ie   

Standard deviation is used to calculate risk associated with the estimated cashflows from a project.

Illustration 
An investment with the following possible outcomes and probabilities of outcomes is as shown
Note: The outcome could either be cashflow or NPV.
	Assumptions (states of nature)			Outcome $`000'			Probability
		Pessimistic						300					0.2
		Moderately successful				600					0.6
		Optimistic						900					0.2

	Required: Calculate the standard deviation of the investment

Solution 
Step One: Calculate the expected cashflow
    
Expected value (ED)	=	ΣDP
            
          Where,  	
	D is the outcome
		P is the probability
	ED is the expected outcome

Step 2: Calculate the Variance then find the square root to get the standard deviation.
 Use the formula 

Solution 
The expected value which is a weighted average of the outcomes times their probabilities can be computed as follows:

	
	Possible outcomes	Probability    Expected outcomes
         $,000                                                            $,000
	300				0.2			 60 
	600				0.6			360
	900				0.2			180
							ΣDP	600

	The expected value is therefore $ 600,000.  

	Computation of standard deviation, 	Figures in their, 000
	Possible outcomes Prob.    Expected outcomes
                  
          		                       (D)          	P          (D)-600)        ((D)-600))2          Pi ((D-600))2   

		    300        0.2 	     -300	                90,000	            18,000
		600       0.6	0                  0		0
		900        0.2	       300	              90,000	               18,000
				                               		   Variance, $ 36,000

	The standard deviation of $ 6,000 (square root of the variance of $ 36,000,000) gives a rough average measure of how far each of the three outcomes falls away from the expected value.   	Generally, the larger the standard deviation, the greater the risk. However, to compare projects of unequal size, we need a different measure since standard deviation would not do.  








Illustration 

Projects A and B have the following possible cashflows. Their probabilities are given as follows
	Project  A
	Project B

	Year 
	Cashflows 
$
	Probability 
	Cashflows 
$
	Probability

	1
	8,000
	0.1
	24,000
	0.1

	2
	10,000
	0.2
	20,000
	0.15

	3
	12,000
	0.4
	16,000
	0.50

	4
	14,000
	0.2
	12,000
	0.15

	5
	16,000
	0.1
	8,000
	0.1



Required: 
Calculate the variance and standard deviation of each project

Solutions:

	Project A
	Project B

	Year
	Cashflows 
$
	Probability 
	Expected cashflows 
	Cashflows 
$
	Probability
	Expected cashflows

	1
	8,000
	0.1
	800
	24,000
	0.1
	2,400

	2
	10,000
	0.2
	2,000
	20,000
	0.15
	3,000

	3
	12,000
	0.4
	4,800
	16,000
	0.50
	8,000

	4
	14,000
	0.2
	2,800
	12,000
	0.15
	1,800

	5
	16,000
	0.1
	1,600
	8,000
	0.1
	800

	ENCF
	
	
	12,000
	
	
	16,000



Project A:  


Variance = (8,000 – 12,000)2 (0.1) + (10,000 -12,000)2 (0.2) + (12,000 – 12000)2 (0.4)

+ (14,000 – 12,000)2 (0.2) + (16000 – 12,000)2 (0.1) = 4,800,000

Standard Deviation(s) =  = 2190.90


Project B :   

Variance = (24,000 – 16,000)2 (0.1) + (20,000 – 16,000)2 (0.15) + (16,000 – 16,000)2

(0.5) + (12,000 – 16,000)2 (0.15) + (8,000 – 16,000)2 (0.1) = 17,600,000

Standard Deviation(s) = 17,600,000 = 4195.23

 3.2 Coefficient of Variation
The standard deviation is a useful measure of calculating the risk associated with the estimated cash inflows from an Investment. However in Capital Budgeting decisions, the management in several times is faced with option of choosing between many investments avenues. Under such situations, it becomes difficult for the management to compare the risk associated with different projects using Standard Deviation as each project has different estimated cash flow values. 

The Coefficient of Variation enables the management to calculate the risk borne by the concern for every unit of estimated return from a particular investment. Simply put, the investment avenue which has a lower ratio of standard deviation to expected return will provide a better risk – return trade off. Thus, when a selection has to be made between two projects, the management would select a project which has a lower. 

In such cases, the Coefficient of Variation become useful. .It is calculated as:

 

Illustration 
	Consider, the following two projects with the following expected outcome and standard deviation.

	Project		Expected value		Standard deviation
	Y	    	$ 6,000		600
	Z	              	 $ 600		190

		On the basis of expected outcome, one would choose Project Y, since it has higher outcome. However on the basis of Risk- standard deviation, one would choose Project Z, since it has the lowest risk.
To decide which of the two projects, is a more risky project we need to compute the coefficient of variation (C.V).

Solution
For investments Projects Y and Z discussed earlier, the coefficient of variation can be computed as follows:-

	Project X

	CV	=	 600 	=	0.100
			6,000

	Project Z

	CV	=	190	=	0.317
			600

	Generally, the larger the coefficient of variation, the greater the risk.  
          Therefore, Project Z carries a greater risk than Project Y.

Illustration 
Calculate Coefficient of Variation based on the figures of Illustration of projects A and B on standard deviation 
Solution
	Projects
	Coefficient of
Variation

	A
	2190.90/12,000
=0 1826

	B
	4195 23/16, 000
=0 2622



	
4.0 Return Analysis

 Some investments such as bank deposits, bonds, etc. carry a predetermined fixed rate of return that is usually payable periodically, while some investments like ordinary shares, there is no assurance of periodical payments as dividends, but it often offers higher returns than the above-mentioned instruments. Investing in the shares of companies have higher risks than fixed income instruments. Return can be calculated based on historical basis and on future basis. We explore expected returns 

4.1 Expected Return- A case of Single Asset 

Suppose financial analysts believe that there are five likely states of the economy.

Illustration
Four assets have the following distribution of returns.

	Probability			Rate of return (%)
	Occurrence	A	B	C	D
	0.1	10.0%	6.0%	14.0%	2.0%
	0.2	10.0	8.0	12.0	6.0
	0.4	10.0	10.0	10.0	9.0
	0.2	10.0	12.0	8.0	15.0
	0.1	10.0	14.0	6.0	20.0

REQUIRED:

a) Compute the expected return 
b) Standard deviation of each asset.

Solution

a.	E(RA)	=	10(0.1)  +  10(0.2)  +  10(0.4)  +  10(0.2)  +  10(0.1)	=	10%

	E(RB)	=	6(0.1)  +  8(0.2)  +  10(0.4)  +  12(0.2)  +  14(0.1)	=	10%

	E(RC)	=	14(0.1)  +  12(0.2)  +  10(0.4)  +  8(0.2)  +  6(0.1)	=	10%

	E(RD)	=	2(0.1)  +  6(0.2)  +  9(0.4)  +  15(0.2)  +  20(0.1)		=	10%


	
18
	= 0 since, (RAi  -  E(R)A)  =  0%



   
19
		=	4.8		=	2.2%

	     δC  =  2.2%
   	    δD  =  5.0%


5.0 Risk and Return of a Portfolio- A case of Two Assets
A portfolio is a combination of assets held by the investor for investment purposes.  Portfolio theory therefore attempts to show an investor how to combine a set of assets to maximise the assets' returns as well as minimise the assets' risk (Risk Diversification).   Diversification is defined as combining assets whose returns are not perfectly positively correlated to reduce the aggregate risk of the total asset holdings (or the portfolio).

5.1 Expected Return of a Portfolio
A portfolio’s expected return (sometimes referred to as the portfolio mean) is the weighted average of the expected return of each asset held in isolation. This is given by:

	E(RP)  =  E(αXA + ßXB) ... (.a)
	Where	(E(RP) is the expected portfolio return
		α	is the investment in asset A
		ß	is the investment in asset B
		XA	is the expected return of asset A
		XB	is the expected return of asset B

Formula (a) can be simplified as follows:

	E(RP)  =  αEXA + ßEXB ... (b)

Note also that α + ß = 1.  This is because all the investor's wealth is invested in either asset A or asset B.

Illustration 
Consider two investments, A and B each having the following investment characteristics;

	Investment		Expected Return (%)	  Proportion
	 A			10				2/3
	 B			20			            1/3

REQUIRED:
Compute the expected return of a portfolio of the two assets.

Solution
Using formula (.b)		

Note	α = 2/3	ß = 1/3
	EXA = 10	EXB = 20

	E(RP)	=	 2  (10%)  +	 1  (20%)
			3		 3

		=	13.3%

Note that the expected return is a weighted average of the expected return of assets held in isolation.

5.2 	Portfolios’ Standard Deviation
The portfolio standard deviation is not a weighted average of standard deviations of assets held in isolation.  This is because of the inter-relatedness of the assets, which reduces the risk when assets are held together.  This relationship is measured by the correlation co-efficient (τ). A correlation coefficient is a statistical measure of the degree to which changes to the value of one variable predict change to the value of another. In positively correlated variables, the value increases or decreases in tandem.
The coefficient of correlation (τ) lies between -1 and +1.  Therefore -1  τ +1.

If τAB = +1, this means that A and B are perfectly positively correlated and therefore the outcomes of A and B move in the same direction at the same time.

If τAB = -1, then A and B are perfectly negatively correlated and their results are inversely related.  That is they move in opposite directions simultaneously.

If we consider the two asset case, then the portfolio standard deviation  can be given by the following formula.


		
	Where	a is the weight of/amount invested in asset A
			b is the weight of/amount invested in asset B
			δA is the standard deviation of A
			δB is the standard deviation of B
			τAB is the correlation coefficient of asset A and B

Illustration
Consider two investments A and B each having the following characteristics:

		Investment		Expected Return (%)		  Proportion
		  A					20						2/3
		  B					40						1/3

Required:
Compute the portfolio standard deviation if the correlation coefficient between the assets is
a.	 1
b.	 0
c.	-1

Solution

	







Note that the standard deviation depends on the correlation coefficient if the proportion of investment is fixed.  Therefore if 

a.	rAB  =  1

	δA+B =  (0.036 + 0.036)	=	26.8%

b.	If rAB  =  0 then

	δA+B	=	(0.036)	=	18.7%

c.	If rAB  =  -1

	δA+B	=	(0.036 - 0.036)	=	0	=	0

	There is no risk at all.

Note:  If assets are perfectly negatively correlated then holding them in a portfolio greatly reduces their risk.

5.3   Covariance and the Correlation Coefficient

We have already introduced the correlation coefficient.  We shall consider the Covariance and its relationship with the correlation coefficient.

The covariance is a measure which reflects both the variance of an asset's returns and the tendency of those returns to move up and down at the same time other assets move up or down.  The covariance between two asset's return can be given by the following formula:


Where	Cov (AB)	is the covariance between And B
		RAi		is the return on asset A under the Ith state.
		E(RA)		is the expected return of A
		RBi		is the return on asset B under the ith state
		E(RB)		is the expected return of B
		Pi		is the probability of the ith state.

The correlation coefficient can be given by the following formula.

Illustration 
Four assets have the following distribution of returns.

	Probability			Rate of return (%)
	Occurrence	A	B	C	D
	0.1	10.0%	6.0%	14.0%	2.0%
	0.2	10.0	8.0	12.0	6.0
	0.4	10.0	10.0	10.0	9.0
	0.2	10.0	12.0	8.0	15.0
	0.1	10.0	14.0	6.0	20.0

Required:
a.	Compute the expected return and standard deviation of each asset.

b.	Compute the covariance of asset
	i.	A and B
	ii.	B and C
	iii.	B and D

c.	Compute the correlation coefficient of the combination of assets in b above.

Solution

a.	E(RA)	=	10(0.1)  +  10(0.2)  +  10(0.4)  +  10(0.2)  +  10(0.1)	=  10%

	E(RB)	=	6(0.1)  +  8(0.2)  +  10(0.4)  +  12(0.2)  +  14(0.1)	=  10%

	E(RC)	=	14(0.1)  +  12(0.2)  +  10(0.4)  +  8(0.2)  +  6(0.1)	=   10%

	E(RD)	=	2(0.1)  +  6(0.2)  +  9(0.4)  +  15(0.2)  +  20(0.1)   =10%


	
18
	= 0  since (RAi  -  E(R)A)  =  0%


	
19
		=	4.8		=	2.2%

	Likewise δC  =  2.2% and	δD  =  5.0%

b.	i.

	
20
		Note that since (RAi - ERA)	=	0
		Cov(AB)  =  0		

	ii	Cov(BC)	=	(6-10)(14-10)(0.1) + (8-10)(12-10)0.2 + (10-10)(10-10)0.4
					+ (12-10)(8-10)0.2 + (14-10)(6-10)0.1

				=	-4.8

	iii	Cov(BD)	=	(6-10)(2-10)(0.1) + (8-10)(6-10)0.2 + (10-10)(9-10)0.4 + 
					(12-10)(15-10)0.2 + (14-10)(20-10)0.1

				=	10.8

	Assets B and C tend to move in opposite directions and therefore their covariance is negative while Assets B and D tend to move in the same directions and therefore their covariance is positive.

	Returns of A has no correlation with the returns of other assets and therefore the covariance between A and any other asset is zero.

c.	Correlation coefficient

	i.	τAB	=	Cov(AB)	=	    0    	=	0
				 δAδB			(0)(2.2)

	ii.	τBC	=	Cov(BC)	=	    -4.8     	=	-1.0
				 δBδC			(2.2)(2.2)

	i.	τBD	=	Cov(BD)	=	  10.8    	=	0.98
				 δBδD			(2.2)(5.0)

	Therefore Assets B and C are perfectly negatively correlated while B and D have a strong positive correlation.

6.0   Efficient Portfolio and the Efficient Frontier

Efficient portfolios can be defined as those portfolio which provide the highest expected return for any degree of risk, or the lowest degree of risk for any expected return. The investor should ensure that he holds those assets which will minimise his risk.  

The risk can be divided into two:
a.	The diversifiable (unsystematic) risk;
b	The non-diversifiable (systematic) risk.

The diversifiable risk is that risk which the investor can be able to eliminate if he held an efficient portfolio.	The non-diversifiable risk can also be referred to as the market risk.

The non-diversifiable risk on the other hand is those risks that still exist in all well diversified efficient portfolios.

The investor therefore seeks to eliminate the diversifiable risk.  This can be shown below:

[image: ]
From the graph shown above as the number of assets increases, the portfolio risk reduces up to the lowest  point,  a point where adding more assets to the portfolio will not reduce the portfolio risk. An efficient portfolio therefore is well diversified portfolio.

7.0 Summary
Risk comes in two types:
[bookmark: _GoBack]• Diversifiable (non-systematic)
• Non-diversifiable (systematic)
2. Diversification reduces (diversifiable) risk.
3. Risk of a portfolio is influenced by
-Weight of individual assets
-Correlation coefficients
-Risk of individual assets
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