
 
 

 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

� INTRODUCTION 

Welcome to Topic 3. After we have studied the basics of risk and return as well 
as correlation and covariance, we will now expand these ideas to better 
understand portfolio theory. This topic introduces students to the fundamental 
concepts and terminologies that are used in portfolio theory. These concepts are 
important for understanding portfolio construction and management.  
 
In this topic, we will begin by learning the underlying concept of portfolio 
formation and the idea of diversification. We will also see the importance of 
correlation and covariance in portfolio diversification. Here, the differences 
between systematic risk and non-systematic risk are also explained. Figure 3.1 
explaining Modern Portfolio Theory of MPT.   
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LEARNING OUTCOMES 
By the end of this topic, you should be able to: 

1. Explain the concept of portfolio formation; 

2. Discuss the idea of diversification; 

3. Calculate and formulate portfolio return and portfolio risk; 

4. Explain the importance of correlation and covariance in portfolio 
diversification; 

5. Analyse the concept of minimum variance portfolio; and 

6. Distinguish the differences between diversifiable risk and non-
diversifiable risk. 
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Modern Portfolio Theory (MPT) 

 

A theory on how risk averse investors can construct portfolios to 
optimise or maximise expected return based on a given level of 
market risk, emphasising that risk is an inherent part of higher 
reward. 
 
Also called "portfolio theory" or "portfolio management theory."  

 

According to the theory, it's possible to construct an "efficient 
frontier" of optimal portfolios offering the maximum possible 
expected return for a given level of risk. This theory was 
pioneered by Harry Markowitz in his paper "Portfolio 
Selection," published in 1952 by the Journal of Finance.  
 
There are four basic steps involved in portfolio construction: 

(a) Security valuation 

(b) Asset allocation 

(c) Portfolio optimisation 

(d) Performance measurement 

Figure 3.1: Modern portfolio theory 
Source :http://www.investopedia.com/terms/m/modernportfoliotheory.asp   

 INTRODUCTION TO PORTFOLIO THEORY 

In this topic, we would like to discuss the concepts related to portfolio theory. In 
simple terms, a portfolio is made from a combination of securities.  We can 
combine different stocks to make a portfolio, or we can combine stocks and 
bonds to make a portfolio. In other words, we can combine different asset classes 
(as introduced in topic 1) to make a portfolio. 
 
Having said that, we need to consider the effects of risk and return when 
combining different securities. Why we are interested in forming a portfolio? 
This is because combining these asset classes into a portfolio may be a good idea 
in reducing risk.  
 
Recall the mmean-variance analysis we have discussed in sub topic 2.6, for each 
security, investors compare the expected return from a range of probable 
outcomes with the risk of security. Hence, investors need only to consider 
expected returns and standard deviations when choosing securities for their 
investment portfolios. There are two possible choices:  

3.1 
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(i) Investors can either choose securities that offer highest return given level of 
risk; or 

(ii) They can choose the lowest risk for a given level of returns. 

 DIVERSIFICATION 

Whether the combination of different asset classes into a portfolio will reduce the 
risk or not is a question that needs to be answered.  Generally, when we combine 
different stocks into a portfolio, we are likely to reduce the combined risk or 
portfolio risk. The risk of a portfolio is measured by its standard deviation.  
 
How can we explain this matter? For example, letÊs say a person invests his 
monies in two stocks, one in a plantation sector and another one in construction 
sector for a two-year period. How can the concept of diversification work in 
portfolio investment?  In a hypothetical case, letÊs say, in that period, the 
plantation sector is performing extremely well because palm oil is found to be 
useful as bio-fuel. At the same time during that period, as construction material 
is getting expensive, and in the environment of high interest rates, construction 
activities are slow. Hence, the good returns from the investment in the plantation 
sector will be able to offset the not-so-good returns from construction sector. So 
the investor ends up with a fair return as he diversifies his investment in two 
sectors.  
 
From economics, we know that there is such thing as a business cycle (refer to 
Topic 9) in an economy. There are certain years where the economy is 
performing reasonably well and there are certain years where the economy is 
performing not so well. And then, there are certain industries that perform well, 
and there are also certain industries that are not performing so well due to 
internal or external factors, or some macroeconomic factors.  
 
An example is the Asian financial crisis in 1997 where the economy was not 
doing well. The principles of diversification also work in such a scenario, if one 
person invests his monies in a developed country like Japan, as well as in a 
developing country like Malaysia during the Asian financial crisis. This investor 
will end up with a fair return if he diversifies his investment in two countries. 
 
We will soon learn that diversification plays an important role in designing 
efficient portfolios. We will explain the concept of diversification in a more 
rigorous manner using a mathematical approach. We will use the concept of 
correlation we have learned in Topic 2 to do so. This will be explained in  
subtopic 3.5. 
 

3.2 
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Before that, we will learn how to calculate portfolio return and portfolio risk in 
subtopic 3.3 and 3.4 respectively. 
 

 

 PORTFOLIO RETURN 

The expected return of a portfolio is given by the wweighted average of the 
expected returns obtained from the individual stocks (held in the portfolio) 
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Where ww is the weight that each stock has in the portfolio, with the total weight 
being equal to 1. 
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In the case of a two-asset portfolio:    
 
 � � � � � � � �1 1 1 21PE R w E R w E R� � �  (3-3) 
 
where 

)( pRE  = Expected return of the portfolio 

)( 1RE  = Expected return of stock 1 

)( 2RE  = Expected return of stock 2 

1w  = Weight of Investment in stock 1 

11 w�  = Weight of Investment in stock 2 two 

3.3 

We also practice the concept of diversification in our day-to-day 
activities? Remember the old adage „do not put all your eggs in one 
basket?‰ Think of one or two examples that apply this idea.  

ACTIVITY 3.1 
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3.3.1 Example 

LetÊs consider two securities for investment.  Aman Berhad and Sentosa Berhad 
 
From the historical record, we know that 
 
Security E[R] SD[R] 
Aman 15% 18.6% 
Sentosa 21% 28.0% 
 
If you have decided to invest 60 percent of your portfolio in Aman and 40 
percent in Sentosa Berhad, then what is the portfolio return? 
 
The answer is 
 

� � � � � �0.60 15 0.40 21 17.40%pE R � � � � �  
 
Recall that from Topic 2, the expected return of a portfolio equals to the weighted 
average of the individual securityÊs returns. 

 PORTFOLIO RISK 

The risk of a portfolio is measured by its standard deviation or the variance. 
 
LetÊs say we have a portfolio with two stocks, the variance of portfolio is  
 

 2 2 2 2 2( ) 21 1 2 2 1 2 12VAR R w w w wp p	 	 	 	� � � �  (3-4) 

Where 
1w  = Weight of Investment in stock 1 

2w  = Weight of Investment in stock 2 
2
1	  = Variance of Investment in stock 1 
2
2	  = Variance of Investment in stock 

12	  = Covariance between stock 1 and 2 
 
We can also express the above using the correlation coefficient, 
1,2 , between the 
two stocks: 
 
Remember the formula ((2-12) from topic 2,  
 

 2 2 2 2 2( ) 21 1 2 2 1 2 12 1 2Var R w w w wp p	 	 	 
 	 	� � � �  (3-5) 

3.4 
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 CORRELATION AND RETURN: TWO ASSET 
CASE 

Following our earlier discussion from Topic 2 on the concept of correlation, we 
extend the idea to two assets. As shown in Figure 3.2, 3.3 and 3.4.   
 
In Figure 3.2, it can be observed that if stock A and B are perfectly and positively 
correlated, then the returns of A and B are positively and linearly related.   
 
In Figure 3.3, if stock A and B are perfectly and negatively correlated, then 
returns of A and B are inversely related.   
 
If stock A and B are uncorrelated, then we can observe that there is no clear 
pattern of relationships between A and B as shown in Figure 3.4. 

 
Figure 3.2: Perfectly positively correlated securities 

 
Figure 3.3: Perfectly negatively correlated securities  

3.5 
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Figure 3.4: Uncorrelated securities  

 INVESTMENT OPPORTUNITIES SET FOR 
TWO SECURITIES 

In a simple case of two-asset portfolio, the expected return is a weighted average 
of the expected returns of each asset in the portfolio: 
 

E(rP) = w1E(r1) + (1 � w1)E(r2) 
 
where E(rP) is the expected return of the portfolio, and w1 and (1 � w1) = w2 are 
the percentage of portfolio value invested in each asset. E(r1) and E(r2) are the 
expected returns on asset 1 and asset 2, respectively.  
 
The variance of the portfolio can be written as: 
 

� �2 2 2 2 2
1 1 2 2 1 2 1 22 ,P w w w w Cov r r	 	 	� � �  

or  
 

2 2 2 2 2
1 1 2 2 1 2 1 2 1,22P w w w w	 	 	 	 	 
� � �  

where 2
P	 is the variance of the portfolio; 2

1	  and 2
2	  are the variance of returns of 

asset 1 and asset 2, respectively; Cov(r1,r2) is the covariance of returns between 
asset 1 and asset 2; 	1 and 	2 are the standard deviation of returns of assets 1 and 
2; and 
1,2 is the correlation of returns between asset 1 and asset 2.

� �1 2
1,2

1 2

Cov r r



	 	
�  

3.6 
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Now you can see that the riskiness of the portfolio depends on the following 
three factors: 

(a) The weighting of each asset in the portfolio (wi). 

(b) The riskiness of each individual asset in the portfolio (	i).

(c) The correlation of returns between assets in the portfolio (
i,j) for i � j.
 
Of course, when any of the weightings of assets in the portfolio changes, the 
corresponding variance of the portfolio will change accordingly. Holding other 
things constant, when the standard deviation of each asset in the portfolio varies, 
the variance of the portfolio will also change. Furthermore, the variance of the 
portfolio not only depends upon the weights and standard deviation of each 
individual asset in the portfolio, but also relies on the pair-wise correlation of 
returns between assets in the portfolio. For instance, if the correlation of returns 
between two assets is very high, then diversification will not lower the variance 
of the portfolio. On the other hand, if the correlation of returns between two 
assets is very low, then diversification will indeed lower the variance of the 
portfolio.  
 
If the correlation of returns between two assets is equal to one (i.e., 
i,j = 1), which 
means that asset iÊs return increases (decreases) by 10%, and asset jÊs return also 
increases (decreases) by 10%, then the correlation of returns between asset i and 
asset j are perfectly positively correlated. If the correlation of returns between 
two assets is equal to zero (i.e., 
i,j = 0), this means that the movement of asset iÊs 
returns has nothing to do with asset jÊs returns. If this is the case, then the 
correlation of returns between these two assets indicates that they are 
independent of each other. Finally, if the correlation of returns between two 
assets is equal to negative one (i.e., 
i,j = –1), this means that when asset iÊs return 
increases (decreases)  by 10%, the return of asset j will decrease (increase) by 10%. 
In this case the correlation of returns between asset i and asset j shows that they 
are perfectly negatively correlated.  
 
Let me show you an example based on actual data from the Hong Kong stock 
market. I have to use historical data (ex-post analysis) since I am not able to get 
the expected returns on Hong Kong stocks (ex-ante analysis). If I could get the 
expected returns data on the Hong Kong stock market, I probably could have 
retired by now!  
 
The following table comprises information on the stocks of the Hong Kong and 
Shanghai Banking Corporation (HSBC) Holdings and Swire Pacific A (Swire) 
during the period of January 2, 2002 to May 31, 2002. 
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Stock Daily average return (r) Standard deviation (	)

HSBC 0.041% 1.16% 

Swire 0.030% 2.09% 


HSBC,Swire = 0.38
 
Data source: Datastream 
 
For simplicityÊs sake, letÊs assume that there is an equally weighted portfolio  
(i.e., wHSBC = 0.5, and wSwire = 0.5). 
 
The return of the portfolio: 

 � � � �Pr 0.5 0.041 0.5 0.030 0.036%� � �  

The variance of the portfolio: 

�
� � � � � � � � � �� �� �� �� �2 2 2 22

p

2
p

0.5 1.16  0.5 2.09   2 0.5 0.5 1.16 2.09 0.38

0.3364 1.0920 0.4606 1.889

	

	

� � �

� � � �

The standard deviation of the portfolio: 

 1.889 1.374P	 � �  

Now we can obtain the return on the equally weighted portfolio (00.036%) as well 
as the standard deviation of the portfolio (11.374%). You should be aware that if 
the weights of both stocks are changed, then the portfolioÊs return and variance 
will also change accordingly.  
 
As I showed you earlier, the riskiness of the portfolio depends on three factors. 
Suppose we keep the first two factors constant (i.e., wi and 	i) and assume that 
the correlation of returns between HSBC and Swire (
HSBC,Swire) varies. 
 
Case 1:  

If 
HSBC,Swire = 1 (i.e., perfectly positively correlated)

 	2
p = (0.5)2(1.16)2 + (0.5)2(2.09)2 + 2(0.5)(0.5)(1.16)(2.09)(1)

 	2
p = 0.3364 + 1.0920 + 1.2122 = 2.641 

 
This result shows that the portfolio variance is much higher than the previous 
one when the actual HSBC,Swire = 0.38. Thus diversification does not reduce the 
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portfolio variance relative to a portfolio that is completely invested in one asset in 
this case. 
 
Case 2: 

If 
HSBC,Swire =  0 (i.e., no correlation)

 	2
p = (0.5)2(1.16)2 + (0.5)2(2.09)2 + 2(0.5)(0.5)(1.16)(2.09)(0) 

 	2
p = 0.3364 + 1.0920 = 11.428

 
This result illustrates that the portfolio variance is almost reduced by half as 
compared to the case when HSBC,Swire = 1. In other words, if we combine stocks 
with returns that are less than perfectly positively correlated in the portfolio, then 
the portfolioÊs variance will be reduced significantly. This illustrates the concept 
of diversification. 
 
Case 3: 

If 
HSBC,Swire = -1 (i.e., perfectly negatively correlated)

 	2
p = (0.5)2(1.16)2 + (0.5)2(2.09)2 + 2(0.5)(0.5)(1.16)(2.09)(-1)  

 	2
p = 0.3364 + 1.0920 � 1.2122 = 00.216

 
When the two assets are perfectly negatively correlated, the variance of the 
portfolio is reduced significantly and approaches zero. If, say, we suppose 
	2HSBC = 	2Swire = 	2, then

 	2
p = 0.52	2 + 0.52	2 + [2(0.5)(0.5) 	2 (�1)]

 	2
p = 0.25	2 + 0.25	2 + (�0.5	2) = 0

 
These two assets create a perfect hedge. This demonstrates that diversification 
can be thought of as a hedge of risks. 

 MINIMUM VARIANCE PORTFOLIOS 

In the numerical example stated in the previous section, the question we would 
like to address is how low can portfolio variance be? The answer is quite simple 
as long as the lowest possible value of correlation coefficient is �1 (
1,2 = �1), 
representing the case of perfectly negatively correlated assets.  
 
The variance of the portfolio: 

 	2
p = w2

1	2
1 + w2

2	2
2 + 2w1w2	1	2
1,2

 
 

3.7 
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can be simplified to 
 	2

p = (w1	1 � w2	2)2

 
and the portfolio standard deviation is  

 	P = Absolute value (w1	1 � w2	2)2

 
When 
1,2 = –1, a perfectly hedged position can be obtained by selecting the 
portfolio weightings to solve the following equation:

 w1	1 � w2	2 = 0

The solution of the above equation is 

 
� �1 1 1 2 2 1

2
1

1 2

1 0 set 1w w w w

w

	 	

	
	 	

� � � � �

�
�

 

 
Example: 
LetÊs think back to the numerical example of HSBC and Swire that I presented 
earlier. We can calculate the proportions of HSBC and Swire in order to obtain a 
zero variance portfolio. Let 1 be HSBC and 2 be Swire: 

 HSBC

SWIRE

2.09 0.643
1.16 2.09
1 0.643 0.357

w

w

� �
�

� � �
 

 
Now we know the exact proportions of wHSBC and wSwire in a perfect hedge 
portfolio if and only if 
HSBC,Swire = –1 (i.e., perfectly negatively correlated).

 	2
p = (0.643)2(1.16)2 + (0.357)2(2.09)2 + 2(0.643)(0.357)(1.16)(2.09)(-1)

 	2
p = 0.556 + 0.557 � 1.113 = 0

 
The minimum variance portfolio provides us with an idea about the maximum 
diversification benefit we can achieve by combining two different assets. In other 
words, we can obtain a zero variance (risk-free) portfolio, provided that the 
correlation of returns between two assets is -1 (i.e., they are perfectly negatively 
correlated). However, you might obtain a positive return portfolio with a zero 
variance portfolio. Therefore, it is important to calculate the pair-wise correlation 
of returns together with the appropriate weights of each asset in order to obtain a 
zero variance portfolio. Practically speaking, if you want to create a zero variance 
portfolio, you need to identify the assets with a correlation of returns equal to -1, 
and then calculate the appropriate weights of each asset employing the following 
formula:  
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 2
1

1 2

w 	
	 	

�
�

 

and  

 2 11w w� �  
 
If you can gain access to databases of stock prices or foreign exchange rates, then 
it would be interesting to create a zero variance portfolio by using you yourself 
as an activity.  
 
Look at Figure 3.5, by combining both assets 1 and 2, we can create a new 
portfolio with minimum variance relative to asset 1 and 2. 
 
Now, letÊs expand the idea of 2 assets in 30 assets.  If we have invested in 30 
assets, the combination of different assets in different portfolios will give us a 
new frontier known as mminimum variance frontier as shown in Figure 3.6.  The 
frontier looks like a belt. The point where it is nearer to y-axis is the mminimum 
variance portfolio as shown in the figure. 

 
Figure 3.5:  Minimum variance portfolio 
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Figure 3.6:   Minimum variance frontier 

 

 

 DIVERSIFIABLE AND NON-DIVERSIFIABLE 
RISK 

The total risk of a portfolio (	2
p) consists of two components, namely, 

diversifiable risk and non-diversifiable risk. The following readings provide a 
very clear picture of the concepts of diversifiable and non-diversifiable risks.  
 
In summary, diversifiable risk is a firm-specific risk. For instance, if you know 
that a firm will encounter serious financial problems shortly, you as an investor 
will definitely sell the stock of that firm in order to minimise the risk. 
Diversifiable risk is unique to a specific firm, so it is also called uunique risk, ffirm-
specific risk or nnon-systematic risk. The central idea is that we can avoid this 
unique risk by means of diversification. If you hold a well-diversified portfolio, 
you will probably only be faced with non-diversifiable risk. As its name implies, 

3.8 

Learn to sketch the above diagram. Point to where exactly is:  

(a) Minimum variance portfolio,  

(b) Minimum variance frontier,  

(c) Risk-free asset,  

(d) Efficient frontier, 

(e) The area of preference by investors.  

SELF CHECK 3.1 
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non-diversifiable risk is that the risk cannot be diversified or avoided by means 
of diversification.  
 
Thus non-diversifiable risk is also known as mmarket risk or ssystematic risk. No 
single investor can avoid market risk; the same is also true for fund managers or 
institutional investors. Recent studies have shown that if you hold a portfolio 
that consists of 20 stocks (across different industries), then your portfolio will be 
considered a well-diversified portfolio. In other words, all you then need to care 
about is the non-diversifiable or market risk. 

 
Figure 3.7: Diversifiable and non-diversifiable risks 

 
In short, unique risks are many of the risks faced by an individual company are 
peculiar to its activity, its management, etc.  Take for example, company winning 
an overseas contract, there are complaints filed on the products produced by the 
company and there is pending governmental investigation. This risk can be 
eliminated by diversification as shown in Figure 3.8. 
 
On the other hand, businesses face economy-wide risks or market risks! These 
risks will threaten each company. Example, there is sudden increase in the 
exchange rate of US dollar against local currency,  there is hike in the lending rate 
in the economy due to policy of the central bank to fight inflation, etc.  This risk 
cannot be avoided, regardless of the amount of diversification.   
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Figure 3.8: Unique risk and market risk 

 

 

 
 We have discussed the importance and benefits of diversification from the 

perspective of portfolio investment. 
 
 We have also learned how to calculate portfolio return and portfolio risk. 
 
 The correlation between two assets influences the portfolio risk. Hence, the 

first step before forming a portfolio is to find out the correlation between the 
two assets. 

 
 Diversification depends on correlation between stocks. 
 
 We have defined what is a minimum variance portfolio and its implication to 

investors. 
 

SELF CHECK 3.2 

1. Why is it called unique risk?

2. Why it is said that market risk cannot be diversified away? 
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 Diversifiable risk is known unique risk, firm-specific risk or non-systematic 
risk. 

 
 Non-diversifiable risk is known market risk or systematic risk. 
 
 Diversification has limits � it cannot eliminate market risk. 
 

 
Correlation 
Covariance 
Diversification 
Firm-specific risk  
Minimum variance frontier 
Minimum variance portfolio 

Non-systematic risk 
Portfolio return 
Portfolio risk  
Portfolio theory  
Systematic risk 
Unique risk  

 

1. Disucss the importance of an efficient portfolio from the perspective of 
investing. 

 
2. Elaborate the way how to calculate return and standard deviation of a 

portfolio. How is it different from a single asset? 
 
3. Discuss the importance of correlation with respect to asset returns. Provide 

three scenarios where two asets are postively correlated, negative 
correlated and uncorrelated. 

 
4. Discuss the effect of diversification of risk on the risk of portfolio as 

compared to the risk of individual assets inside the portfolio. 
 
5. Discuss the concept of diversifiable risk with respect to porfolio investment. 
 
6. Discuss the concept of nondiversifiable risk with respect to porfolio 

investment. 
 
7. Discuss the benefits of international diversification from the perspective of 

individual investor who like to increase the return and reduce the risk of 
his portfolio.  
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8. Discuss how diversification can be achieved by investing abroad and 
investing domestically. 

 

Given the monthly rates of return for ABC Berhad and XYZ Berhad for Question 
1 to 5. 

Month ABC Berhad XYZ Berhad 

1 -0.04 0.07 

2 0.06 -0.02 

3 -0.07 -0.10 

4 0.12 0.15 

5 -0.02 -0.06 

6 0.05 0.02 

1. Calculate the average monthly rate of return iR , for each stock. 
 
2. Calculate the standard deviation of returns for each stock. 
 
3. Calculate the covariance between the rates of return. 
 
4. Calculate the correlation coefficient between the rates of return. 
 
5. Based on the correlation coefficient of ABC and XYZ, can these two stocks 

offer diversification effect if we put them in our portfolio? 

 Given two assets with the following information for Question 6 to 8: 
15.0)( 1 �RE  E ( )1	  =0.10 5.01 �w   

20.0)( 2 �RE  E( )2	  =0.20 5.01 �w    
 
6.  Calculate the mean and standard deviation of the portfolio if 2,1r =0.40 

 
7.  Calculate the mean and standard deviation of the portfolio if  2,1r = - 0.60 

 
8.  Plot the two portfolios on a risk-return graph and discuss the results. 
 
 


