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CAPITAL MARKETS THEORY (CMT)
The capital market theory is an upgrade of the MPT of determining the value of investments in terms of expected rate of return. It uses the Markowitz Efficient Frontier to build and extend it to a model that can be used to price all risky assets. 

Under the CMT theory it’s assumed that the market is in equilibrium, and this provides the cardinal assumption behind determining the value of stock’s or shares.
It specifically assumes the following;
· All investors are Markowitz efficient
· Capital markets are in equilibrium
· Investors only base on risk and return relationships to make their investment decisions.
· Investors can borrow or lend any amount of money at the risk free rate of return.
· All investors have the same time horizon
· All investments are infinitely divisible.
· There are no taxes or transaction costs.
· There is no inflation or change in interest rates if there is then it is fully anticipated.

The major factor that drove the emergence of the Capital Market Theory is the concept of the risk-free asset i.e. one with zero variance of returns. Such an asset would have zero correlation with all other risky assets and would provide the Risk Free Rate.  It would lie on the vertical axis of a portfolio graph.  This allows us to derive a generalized theory of capital asset pricing under conditions of uncertainty from the Markowitz portfolio theory.   




The Risk-Return Combination of a Riskless – Risky Portfolio
 Because both the expected return and the standard deviation of return for such a portfolio are linear, a graph of possible portfolio returns and risks looks like a straight line between the two assets.
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A, B and C are alternate risky assets. You can attain any point along say RFR-A by investing some portion of your portfolio in the risk-free asset WRF and the remainder (1-WRF) in the risky asset portfolio A.
We can combine this with the efficient frontier thus 
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Now the set of the portfolio possibilities RFR-A dominates all the risky asset portfolios on the efficient frontier below point A, because some portfolio along line RFR-A has equal variance with a higher rate of return than the portfolio on the original efficient frontier. Likewise, the potential combinations on line RFR-B dominate all portfolio possibilities on the original efficient frontier below point B, including line RFR- A. You can draw further lines from RFR to the efficient frontier at higher and higher points each dominating the one below it, until you reach the point that is the tangent to the frontier which occurs at point M. The portfolio possibilities along line RFR-M dominates all portfolios below point M

If the investor wants to attain a higher expected return than is available at point M in exchange for higher risk there are 2 alternatives

1. Invest in an asset portfolio on the efficient frontier above point M such as portfolio D
2. Borrow money at the risk-free rate and invest the proceeds in the risky asset portfolio at point M. 


Therefore, both return and risk increases in a linear fashion along the original line RFR-M and this extension dominates everything below the line on the original efficient frontier.
Thus, you have a new efficient frontier - the straight line from the RFR tangent to point M. This line is referred to as the Capital Market Line (CML).

Recall from portfolio theory that when two assets are perfectly correlated the set of portfolio possibilities falls along a straight line. Because the CML is a straight line, all the portfolios on the CML are perfectly positively correlated.
All the variability comes from the risky asset, M portfolio. The only difference between the alternative portfolios on the CML is the magnitude of the variability caused by the proportion of the risky asset portfolio in the total portfolio.

The Market Portfolio

Because portfolio M lies at the point of tangency, it has the highest portfolio possibility line and everybody will want to invest in it and to borrow or to lend to be somewhere along the CML. This portfolio must therefore include all risky assets. This is referred to as the market portfolio. Because it contains all risky assets, it is a completely diversified portfolio. All the risk unique to individual assets in the portfolio is diversified away.
This unique risk is also referred to as unsystematic risk.  This means that only systematic risk, which is defined as the variability in all risky assets caused by macro-economic variables, remains in the market portfolio. This risk can change with time if the macro economic variables that affect valuation of risky assets changes.

All portfolios on the CML are perfectly positively correlated, which means that all portfolios on the CML are perfectly correlated with the completely diversified market portfolio.  This implies a measure of complete diversification.  Specifically a correlation of +1 indicates a completely diversified portfolio.
The CML and the Separation Theorem

The CML leads all investors to invest in the same risky asset portfolio M. Where investors are on the CML depends on their individual risk preferences. In turn, how they get to a point on the CML is based on their financing decisions.
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A risk-averse investor might invest in portfolio combination A while one who prefers more risk might choose the portfolio at point B. The financing decision provides more risk but greater returns than the market portfolio.
The division of the investment decision from the financing decision is called the Separation Theorem. Specifically, to be somewhere on the CML efficient frontier, you initially decide to invest in the market portfolio, M.  This is your investment decision. Subsequently, based on your risk preferences, you make a separate financing decision either to borrow or to lend to attain your preferred point on the CML. The CML now becomes the EF.

A Risk Measure for the CML
From the discussion of the Markowitz portfolio model it was concluded that the relevant risk to consider for a security being added to a portfolio is its average covariance with all other assets in the portfolio. Further, we have shown with the discussion on the CML that the only relevant portfolio is the M portfolio. Together the two findings mean that the only important consideration for any individual risky asset is its covariance with the market portfolio (M).
Because all individual risky assets are a part of the M portfolio, one can describe their rates of return in relation to the returns for the M portfolio using a linear model

                    Rit=ai+biRmt+E 
Where        Rit=return for asset i during period t
                   ai=constant term for asset i
                   bi=slope coefficient for asset i
                   Rmt=return for the M portfolio during period t
                   E=random error term
                   Y=a+bX
This theory came up with two models used to determine the value of either a single share or a portfolio. The Capital Asset Pricing Model (CAPM) and Arbitrage Pricing Theory (APT).
CAPITAL ASSETS PRICING MODEL (CAPM)
The CAPM is a model which was advanced by W Sharp and John Litner as a way of overcoming the weaknesses of the MPT by Markowitz. This model is a general equilibrium model which describes the relationship between the asset’s expected return and risk when all markets are in equilibrium.  What this means is that each investor holds an optimal portfolio and the aggregate portfolio of all investors is the market portfolio.

Under CAPM there are no under-priced or overpriced assets. All assets are efficiently priced. Meaning they all lie on the Security Market Line (SML). However in the real world we can compare an asset’s given price or return relative to what it should be according to the CAPM. This brings in the concept of mispricing i.e over pricing and under-pricing of securities.
· Assets above the SML are under-priced relative to the CAPM. Because the asset’s too high return means that their price is too low compared to the fair CAPM price. These stocks have positive NPV hence good for buying.
· Assets below the SML are overpriced relative to the CAPM. This is because the asset’s too low expected return means their price is too high compared to the fair CAPM value. These stocks have negative NPV.
· Since all appropriately priced assets lie on the SML so must the Market portfolio. In equilibrium therefore the return to any asset must satisfy the same reward to risk ratio as that of the market portfolio.

The SML is applicable to any security or portfolio which contains both components of the risk unlike the CML. The implication of the above assumptions is that if investors want to hold risky assets, the only asset they will hold is the market portfolio (assumed to be the only tradable public security). If also borrowing and lending are allowed at the same rate, then the efficient set extends beyond the point of tangency. 

While determining an appropriate expected rate of return on a risky asset we use the knowledge from the above explanations. We know that the relevant risk measure for an individual risky asset is its covariance with the market portfolio (Cov im). Thus we can draw the risk-return relationship as: 
THE SECURITY MARKET LINE
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The equation for the line is 

Defining Covim/2M as beta(i), this equation becomes 

E(Ri)=RFR+i (RM-RFR)

Beta is simply some standardized measure of systematic risk. The market portfolio has a beta of 1, since 
CovMM=2Mand so 2M =1
                              2M

If the i for an asset is above 1.0, the asset has higher systematic risk than the market and vice versa.



Given this standardized measure of systematic risk, the SML graph can be expressed as
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The basic CAPM makes use of standard notations which are used in the process of determining the value of either a single share or portfolio and they include;

E(rm) – Expected rate of return of the market portfolio
Rf – Risk free rate of return
Bi  - Systematic risk of that share of stock.

Therefore, from the above, the CAPM gives the relationship between the systematic risk of a share (Bi) and the expected rate of Return E(ri) of the same security.
	E(ri) = rf _ (Risk Premium) β (i)
But Risk Premium = (E(rm)-rf)   (2)
Substituting 2 in i
Therefore E(ri) = rf + (E(rm)-rf) β2 ------ CAPM

The β value measures the systematic risk and it is in relative terms i.e it measures how much systematic risk a company’s share is having; relative to the average level of systematic risk on the stock market or stock exchange.
As a result β values can fall into 3 categories.
	β > 1 -  shares have more systematic risk and then market portfolio.
	β = 1 -  shares have the same systematic risk with the market portfolio.
	β < 1 -  The share/security; it’s systematic risk is less than the market portfolio.
	β  can also be 0 – Risk Free Asset.

Calculation of Beta
There are two possible approaches depending on the value of β.

(i)	βi   = Ri x Pim
		 Rm
	
	where ri – Risk of asset i=eg 10%
		p – Correlation of asset i and m=eg 0.4 
		rm – Risk of market portfolio =eg 16%
	
Weighted Average Beta
It is important to compute the weighted Beta especially if you intend to invest in more than one asset.  Therefore the weighted Beta is the value of a combination of Assets whose individual Betas have been weighted.  This gives rise to a portfolio Beta.  If you have Assets A and B







Example 1
Given the following set of data and you want to build a portfolio comprising shares of Companies A & B: the β of Company A share was 1.25 and β of Company B shares is 0.65. Assuming the risk free rate of return is 5% and the return on the market portfolio is 12% and we have 10,000 pounds to invest.  We decide to Invest 3,000 pounds in Company A  and the balance invested in Company B. 
Required:
Determine the expected rate of return for the portfolio using the Capital Asset pricing model.


APPLICATIONS OF CAPM IN INVESTMENT DECISION MAKING

1. Valuing securities using CAPM (Single Asset)
In valuing a single security, CAPM uses a security market line to determining the expected rate of return of a single asset within a portfolio.
After applying the security market line equation as a way of determining the value of a single security there are three possible comments that you can make as regards the pricing of that Asset:-
1. Properly priced/valued
2. Overpriced/valued
3. Underpriced/valued.

2. Valuing a portfolio using CAPM
In this case, CAPM uses the capital market line (CML to determine the value/expected rate of return of a group of Assets (a portfolio)
A capital market line is the combination of both the security market line and the efficient frontier.

3. Using the CAPM model in decision making
 The CAPM is used to generate a decision making criteria of either a stock exchange investment decision or for capital budgeting decision made by companies.  In other words CAPM indicates what is the minimum rate of return required on the shares of a particular company in order to make it an acceptable investment or may seek to establish the minimum rate of return required to make a project an acceptable investment of a given company.

4. CAPM and investment decisions or capital budgeting

In a similar way, the capital pricing model can be used to generate Net Present Value (NPV) or internal rate of return for capital investment appraisal.  This is because CAPM is used as a method to the Weighted Average Cost of Capital (WACC).


Example
Suppose that a company is considering undertaking a 10 million pound project to manufacture hotdogs and sausages and wishes to identify what discount rate to use in discounting cash flows arising from this project.  You have been availed with the following data.
1. That the yield on government bonds is 5% while the market portfolio yields a return of 12%
2. It has also been estimated that the systematic yield on this project is 16.55 from CAPM.
Therefore; 16.55% should be used as the discount rate (RRR) to upraise the sausages and hot dogs project.  Either using the NPV or the internal rate of return technique.

Hence a positive NPV when discounted at this rate would suggest that the project produces a return in excess of 16.55%, which is the minimum RRR, this makes the project acceptable and viable and vise versa when the NPV is negative.

NB:  The only problem with applying CAPM in this way is the identification of the suitable B value for your project. The simpler way of overcoming this problem is to take the β value that is representative of the industry where you intend to invest. However, in reality the situation is more complex especially in developing countries where such information is not available.

LIMITATIONS OF THE CAPM MODEL
Many researchers have tried to taste the CAPM and they have found that it works.  However it should be used with care and caution.  This is mainly because of the number of problems that have been found in the model.

1. CAPM assumes that the alpha value should average out at zero overtime i.e giving rise to properly priced shares/securities or efficient portfolios are persistently positive (particularly where the β value of the shares are low or persistently negative (a case where there are higher values of the B).
2. The CAPM is quite a good predictor of the return on many shares from varying industries; however it’s a poor predicator for returns on the shares of oil and gas and mining companies.
3. The CAPM is a single factor model i.e this means that CAPM assumes that there’s only one valuable (β or systematic risk) which assumes a special rate of return of a particular company hence the model fails to capture all the determinants of the return.
4. There are significant data input problems in using CAPM which may impact adversely the model’s value in developing countries.
5. We can only identify the risk free rate of the return in monetary terms; meaning that the risk free rate of return is uncertain because of inflation which will continuously affect this return. However, CAPM ignores this reality by assuming that the risk rate of return is constant.
6. The risk premium is also variable not as CAPM assumes.
7. Where β values are estimated; it is done on the basis of past relationship yet it is only in rare circumstances that the past has been able to predict the future.




The Capital Asset Pricing Model (CAPM) has some assumptions upon which it is built. Here are the five most influential assumptions of CAPM −
The investors are risk-averse
CAPM deals with risk-averse investors who do not want to take the risk, yet want to earn the most from their portfolios. Diversification is needed to provide these investors more returns.
Choice on the basis of risks and returns
CAPM states that Investors make investment decisions based on risk and return. The return and risk are calculated by the variance and the mean of the portfolio. CAPM reinstates that rational investors discard their diversifiable risks or unsystematic risks. Only the systematic that varies with the Beta of the security remains.
There are differences among investors regarding the use of Beta. Some investors use Beta only to measure the risk while others use both beta and variance of returns. CAPM provides a series of efficient frontlines because individuals have different perceptions towards risk and reward.

Similar expectations of risk and return
The expectations of risk and return of all investors are the same. In other words, all investors’ anticipation of risk and returns are the same. When the expectations differ, the anticipated mean and variance forecasts differ significantly.
Due to this, innumerable efficient frontiers are possible. Moreover, the efficient portfolio of each asset will be different from others. Varying preferences also mean that the price of an asset will be different for different investors.
Free access to all available information
One of the important assumptions is that all investors have free access to all the required and available information free of cost. If some investors alone are able to have access to special information, that is limited to only some investors, then the markets are regarded inefficient. In other words, it is difficult to draw a common efficient frontier line if the available information is not accessible to all.



There is a risk-free asset and there is no restriction on borrowing and lending at the risk-free rate
CAPM assumes the availability of risk-free assets to simplify the complex and paired covariance of Markowitz’s theory. The risk-free asset leads to the curved efficient frontier of MPT and makes the linear efficient frontier of the CAPM simple.
As a result, the investors would not concentrate on the qualities of individual assets. By adding a portion of risk-free assets and borrowing the additional investments needed at a risk-free rate, the risk can be either decreased or increased.


Portfolio Performance Evaluation Measures

There are various ways to assess portfolio performance, especially when just knowing the return may not tell us much about the true performance of a manager. The measures below are four commonly used methods to evaluate portfolio performance.
· Sharpe Ratio = (Rp – Rf)/σp
The Sharpe Ratio is a measure of risk premium gained per unit of risk in the portfolio. The goal is to have a good risk to reward return on the portfolio.
· Treynor Ratio = (Rp – Rf)/ßp
A limitation of the Sharpe ratio is that it uses a measure of total risk instead of allowing us to measure return per unit of systematic risk. This is a limitation because under the CAPM, we assume that the non-systematic risk has been diversified away. The Treynor ratio overcomes this risk by using the beta of the portfolio as the standard unit of risk instead of the standard deviation of the portfolio.
· Jensen’s Alpha = Rp – [Rf + ßp(Rm – Rf)]
· M-Squared= (Rₚ - Rf)⸹ₘ - (Rₘ- Rf)                                                         (01 Mark)
·                                       ⸹ₚ
· 
Like the Treynor ratio, Jensen’s Alpha also only models the return compared to systematic risk only. Like the M-squared value, this is done by comparing our return to the market return, this time using the CAPM equation as the market portfolio.


Limitations of the above performance measures
· It uses total risk as a measure of risk when only systematic risk is priced
· The ratio is not informative
· [bookmark: _Hlk114426907]It doesn’t give any information about the economic significance of differences in performance
Example
Given the following information, it to answer questions that follows;
Security              probability         Return A              Return B     Beta
Recession                0.3                      10                         15            1.1
Stable                       0.25                    15                         25           1.5
Boom                        0.4                     20                         19           1.7
Calculate;
1.portfolio Beta
2.Expected return
Example 2;
The information in the table below relates to three portfolio managers. Study it carefully and answer the questions that follow.
Portfolio manager       Std       Expected return     Beta    weight
PR                                19             17                       1.4        0.4
ST                                 15            14                       1.35       0.4
WX                               22             19                       1,2        0.4
Consider a market return of 11.5%, market risk of 19% and coupon rate of 10% on treasury bond.
Required ;
Using the CAPM model and the key portfolio performance metrics, evaluate the performance  of each manager  and advice on the best performing manager.  
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