RISK AND RETURN



1. In this unit we cover the following
	Concept of risk and return, measure of risk and return, expected rate of return and risk of portfolio, effect of correlation/ covariance on portfolio risk and return



2. By studying this unit, you will be able to:
· Understand various concepts of return and risk
· Measure return and risk of an asset
· Measure risk and return in portfolio context
· Understand the concept of covariance and correlation and measure them 
· Appreciate the impact of correlation in risk and return of the portfolio.  

3. These are the resources and sources for this unit
	Resources 
	Sources 
	Remarks 

	Learning about return and risk 
	BKMM, chapter 5, pp. 127-44
	

	Introduction to Risk and Return
	PBGR , Chapter 5, pp. 173-87
	

	
	
	

	
	
	



BKMM – Bodie, Z., Kane, A., Marcus, A. J. & Mohanty, P. (2009). Investments (8th ed). New Delhi: Tata McGraw Hill Education.
PBGR – Paudel, R. B., Baral, K. J., Gautam, R. R. & Rana, S. B. (2013). Financial management. Kathmandu: Asmita Books Publishers & Distributors.




Presentation note
Return 
· Return is the difference between amount received and amount invested
· Investors always prefer higher return to the lower one as it increases their wealth
Return Concepts
Rupee return or absolute return - the total of capital gain and cash receipts
                                      Return (Rs) = Pt+1 – Pt + Ct+1                                             (1)
Where	Pt+1 = ending price or selling price
		Pt 	= beginning price or purchase price
		Ct+1 = cash receipts during the period
Does not relate return to investment
Not very important concept for investment decision making

Percentage Return - the percentage of absolute rupee return on the initial investment 
Rj = 	     			 (2)

Relates return to initial investment
Makes investment alternatives comparable
Average Return
Arithmetic average return – the sum of the returns over the periods divided by the number of periods
Rj 	=  =  				(3)
Where	j 	= average return of asset j
	Rjt 	= periodic return of asset j
	n 	= number of periods 

Geometric average return – the rate of return that would make the initial investment equal to the ending investment value
 j (geometric) = [(1 + R1) (1 + R2) + . . . + (1 + Rn)]1/n – 1 		 (4)
Expected Rate of Return - the rate that we expect from the investment in the future. It depends on the state of economic conditions and the probability distribution of state of economic conditions. 
E(Rj) =  Pi Rji                                               (5)	
Where	E(Rj) 	= the expected rate of return on asset j
			Pi  	= probability of occurring ith economic condition
			Rji 	 = rate of return of jth asset in ith state
Very useful concept for decision making

Required Rate of Return - the minimum rate of return the investor wants to earn from an asset.
Expected rate of return is compared with the required rate of return
There are various methods to determine it; one of the popular method is the Capital Assets Pricing Model (CAPM) which we study in another session.
Investment made only when expected return is greater than required return

Nominal Return- measure rupee amounts or changes in assets value but ignore the purchasing power of these rupees

Real Return- inflation-adjusted return

RR =  – 1 						(6)
Where, 
	RR = real rate of return
	R   = nominal rate of return
	IR = rate of inflation

Expected return of a portfolio - a weighted average of expected returns of securities making up that portfolio
E(RP) =  E(Rj) wj                                        (7)		
Where, 	
	E(RP) = the expected rate of return on the portfolio
	E(Rj) 	= the expected rate of return on the jth security
	wj 	= the proportion of total funds invested in security j
	 n		= total number of securities in the portfolio 

Risk Concepts and Their Measurement
Risk – variability in returns; higher the variability higher the risk
Investors try to avoid risk unless compensated satisfactorily by return
Important basis of decision making
Risk Types
Stand-alone risk – risk of an asset in isolation
Portfolio risk – risk of more than one asset taken together
Systematic risk – risk that cannot be diversified away such as the risk of inflation; also known as market risk, undiversifiable risk
Unsystematic risk – the risk that can be diversified such as the risk of fire, also known as company specific risk or diversifiable risk
Measures of Risk
Range - the difference between the highest and lowest observed values
Range = Value of highest observation – Value of lowest observation 	(8)
Simple but crude measure of risk
Variance - average of the mean squared error terms
Var (R) (or σ2) =   [Ri - E(R)]2 Pi  					(9)
Standard and useful measure of risk
Widely used measure
Standard deviation – an absolute measure of risk and is calculated as the square root of variance
Standard deviation, (σ) =  =  					(10)
Standard and useful measure of risk
Wider application than variance
Coefficient of variation - a relative measure of risk; measures risk per unit of return
Coefficient of variation (CV) =  						(11)
Beta – a measure of systematic risk
· a measure of systematic risk
· The market has a beta of 1
· Allows to compare individual assets with market
Assets with higher beta than 1 are considered riskier than the market risk
Variance of portfolio – a measure of the risk of the portfolio of assets
Var(RP) = wA2 Var(RA) + 2wAwB Cov (RA,RB) + wB2 Var(RB) 		(12)
Where,	
Var(RP) 	= variance of the return of the portfolio
	wA 	= proportion of the investment in the first asset, A
	wB 	= proportion of the investment in the second asset, B
	Var(RA) 	= variance of the return of asset A
	Var(RB) 	= variance of the return of asset B
	Cov(RA,RB) = covariance between the return of asset A and return of asset B (Note that, Cov(RA, RB) may also be expressed as AB)

Standard deviation – an absolute measure of risk and is calculated as the square root of the variance

In general, the standard deviation of a probability distribution of possible portfolio returns is 
	P =   							(13)
Where,  
m is the total number of assets in the portfolio, 
wj is the proportion of the total funds invested in asset j, 
wk is the proportion invested in asset k, and 
σjk is the covariance between possible returns for assets j and k. 


Covariance 
The covariance of the possible returns of two assets is a measure of the extent to which they are expected to vary together rather than independently of each other. 
Cov(RA,RB) = Pi[RA – E(RA)] [RB – E(RB)] 					(14)
Correlation
The correlation, which measures the degree of relationship between two variables 
                    AB =                                                                                                             (15)
Where,
              AB = correlation coefficient between the return of A and return of B
Correlation and Risk
If the returns of assets are perfectly correlated, portfolio of such assets cannot diversify risk
If the returns of assets are perfectly negatively correlated, particular portfolio of such assets will completely eliminate risk
If the returns of assets are partially correlated or if there is no correlation, portfolio of such assets will reduce risk but cannot eliminate risk
Correlation between returns of assets does not have any impact on the return of the portfolio



Illustrations

Illustration 1: Stock A and Stock B have following probability distribution of returns: 
	State
	Probability
	Return on Stock A
	Return on Stock B

	1
	0.2
	5%
	50%

	2
	0.5
	10
	30

	3
	0.3
	15
	10


Required:
a. 	Expected rate of return on Stock A and Stock B.
b. 	Variance and standard deviation on Returns from Stock A and Stock B.
c. 	Coefficient of variation of returns Stock A and Stock B.
d. 	Which stock has relatively higher risk? Why?  
Solution
Calculation of expected return and standard deviation
	State
	Pi
	RA
	RB
	Pi x RA
	Pi x RB
	RA-E(RA)
	RB-E(RB)
	Pi[RA- E(RA)]2
	Pi[RB- E(RB) ]2

	1
	0.2
	5%
	50%
	1.0
	10
	-5.5
	22
	6.050
	96.8

	2
	0.5
	10
	30
	5.0
	15
	-0.5
	2
	0.125
	2.0

	3
	0.3
	15
	10
	4.5
	3
	4.5
	-18
	6.075
	97.2

	Total
	
	E(RA) = 10.5%
	E(RB) = 28%
	
	Var (RA) = 12.25
	Var (RB) = 196.0


Now we have,
a.	Expected return of Stock A, E(RA) = 10.5%
	Expected return on Stock B, E(RB) = 28%
b.	Variance of return of Stock A, Var(RA) = 12.25
Standard deviation of return from Stock A, (A)  =  = 3.5%
Variance of return of Stock B, Var(RB) = 196
Standard deviation of return from Stock B, (B) =   = 14%
c. 	Coefficient of variation of Stock A (CVA) = =  = 0.33
	Coefficient of variation of Stock B (CVB) ==  = 0.5
d.   Stock B has relatively higher risk because its coefficient of variation is higher   than that of Stock A


Consider the probability distribution of alternative rates of return associated with Stock P and Stock Q given in the following table.
	State of Economy
	Probability
	Return on Stock P
	Return on Stock Q

	1
2
3
4
	0.1
0.3
0.3
0.3
	0.15
0.17
0.08
-0.02
	-0.10
0.15
0.22
-0.03


a.	Calculate the expected return and standard deviation of Stock P and Stock Q.
b.	What are the covariance and correlation coefficient between Stock P and Stock Q?
c.	If you form a portfolio of Stock P and Stock Q comprising 80 percent wealth in P and the rest in Q, calculate the return and risk (standard deviation) of your portfolio.
d.	Which investment would you prefer? Stock P or Q or the portfolio? Why?
Solution
Calculation of expected returns and standard deviationFor Stock P
	State of Economy
	Prob. (P)
	Rp
	P  Rp
	[Rp  E (Rp)]
	P[Rp  E(Rp)]2

	1
2
3
4
	0.10
0.30
0.30
0.30
	0.15
0.17
0.08
-0.02
	0.015
0.051
0.024
-0.006
	0.066
0.086
-0.004
-0.104
	0.0004356
0.0022188
0.0000048
0.0032448

	
	
	
	E (Rp) = 0.084
	
	Var (Rp) = 0.005904


For Stock Q
	State of Economy
	Prob. (P)
	RQ
	P  RQ
	[RQ  E(RQ)]
	P[RQ  E(RQ)]2

	1
2
3
4
	0.10
0.30
0.30
0.30
	-0.10
0.15
0.22
-0.03
	-0.010
0.045
0.066
-0.009
	-0.192
0.058
0.128
-0.122
	0.0036864
0.0010092
0.0049152
0.0044652

	
	
	
	E(RQ) = 0.092
	
	Var (RQ)= 0.014076


a.	Expected rate of return of the Stock P, E (Rp) =  0.084 or 8.4%
	Expected rate of return of the Stock Q, E (RQ) = 0.092 or 9.2%
	Standard deviation of returns for the Stock P, (p)	= = 0.0768 or 7.68%
	Standard deviation of returns for Stock Q, (Q) 	=  = 0.1186 or 11.86%


b. 	Calculation of covariance and correlation coefficient between Stock P and Stock Q
	State of economy
	Prob. (P)
	[Rp  E (Rp)]
	[RQ  E(RQ)]
	P[Rp  E (Rp)] [RQ  E (RQ)]

	1
2
3
4
	0.10
0.30
0.30
0.30
	0.066
0.086
-0.004
-0.104
	-0.192
0.058
0.128
-0.122
	-0.0012672
0.0014964
-0.0001536
0.0038064

	
	
	
	
	Cov (Rp,RQ) = 0.003882


	Covariance of return between Stock P and Stock Q, Cov (Rp,RQ) = 0.003882
	Correlation coefficient between returns from Stock P and Q
	pQ 	=  =  = 0.0.4262

c. 	Calculation of expected return and standard deviation of a portfolio comprising 80 percent wealth in Stock P (wp = 0.8) and 20 percent in Stock Q (wQ = 0.2).
	Expected return on the portfolio
	E(RP) = wp E(Rp) + wQ E(RQ) 	
		= 0.8 × 0.084 + 0.2 × 0.092 = 0.0672 + 0.0184 = 0.0856 or 8.56%
	Standard deviation of the portfolio
	p	= 
		= 
		= 
		= = 0.0747 or 7.47%
d.	Calculation of coefficient of variation for return 
	For Stock P
		CVp =   = = 0.9143
	For Stock Q
		CVQ = = = 1.2891
	For the Portfolio
		CVP = = = 0.8727
We would prefer the investment in portfolio comprising 80 percent wealth in Stock P and the rest in Stock Q because the relative level of risk per unit of return as indicated by coefficient of variation for the portfolio is the lowest among all.

Risk and Return – Rajan B. Paudel	Page 1

