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Abstract

There is consensus that diversification results in risk reduction. However there is no consensus on the number of
securities required for maximum risk diversification. Studies done on different capital markets have yielded
differing results. This study aimed at determining the optimal portfolio size for investors on the Nairobi
Securities Exchange in Kenya. The study used mean variance optimization model and secondary data consisting
of monthly security returns over a five year period from January 2009 to December 2013. Forty three of the sixty
listed firms had complete information on monthly security returns and were used in the study. Portfolios of
different sizes were formed by random selection of securities and the portfolio risk was computed. The study
found that portfolio risk reduced as the number of securities in the portfolio increased but beyond the optimal
portfolio size the risk started rising again. The optimal portfolio size in the Nairobi Securities Exchange was
found to lie between 18 and 22 securities.

1. Introduction

1.1 Background to the Study

Financial theory assumes utility maximization. Investors endeavor to maximize their expected utility. Return
from a portfolio of financial assets is of utmost importance to all investors (Elton, Gruber, Brown & Goetzmann,
2010). Equally important is the number of securities to invest in and their combination. Asset allocation is the
first step in portfolio management. Strategic asset allocation is an important determinant of investment returns
and success. It identifies the best allocation of investment funds among various categories of securities for an
investor whose saving and consumption pattern is predictable over a given investment period such as pension
and insurance funds (Brennan, Schwartz & Lagnado, 1997). But how many securities are optimal?

Markowitz (1952) developed the basic portfolio model that incorporated diversification benefits into portfolio
asset allocation. However his model was limited to one holding period. Merton (1971) considered the multi-
period holding portfolio strategy which is more realistic in practice. Sharpe (1985) simplified the methodology.
Modern portfolio theory is based on portfolio mean-variance optimization model, where the complete investment
opportunity set (all assets) is considered simultaneously. This differs from practice where investors consider the
asset classes separately in their allocation models (Reilley & Brown, 2012).

Investors continually deal with the trade-off between risk and return. They strive to maximize their growth
potential with the minimum possible risk. The conflicting objectives of maximizing expected return and
minimizing uncertainty or risk must be balanced against each other. Markowitz (1952) suggested that there is a
portfolio which will give the investor maximum expected return and minimum variance. He called this the
optimal portfolio (Elton et al, 2010). This study used the mean-variance analysis Model to determine the optimal
portfolio size in the Nairobi Securities Exchange.

1.1.1  Financial Assets Return and Risk

Financial asset return refers to earnings generated from invested capital (assets). Financial asset returns are
related to future economic activity. Investors spend money at present with the expectation of earning more
money in the future, the utility maximization assumption. Financial asset returns come in two forms: dividend or
interest payments and capital gains. The total return is given by the ratio of the sum of capital gain and dividend
or interest payments to the initial investment. The concept of return provides an investor with a convenient way
of expressing the financial performance of an investment. The value of a financial asset is the value of all
expected future cash flows discounted to the present (Elton et al, 2010).

The expected return of a portfolio is represented by the mean of the expected returns of the constituent assets. It

is represented as

E(R,)=YLew E(R;) (1)
Where R, is the return on the portfolio, R; is the return on asset i and w7 is the proportion of asset i in the
portfolio.-
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Risk refers to the chance of unfavorable events. Investors normally buy stocks in anticipation of a particular
return but fluctuations in stock prices result in fluctuating returns. Finance theory defines risk as the probability
that the actual returns will deviate from the expected returns. There are two types of risks namely unsystematic
and systematic risk. Unsystematic risk is also referred as diversifiable, is the risk that can be diversified away by
holding the investment in a suitably wide portfolio. This type of risk is usually firm specific. Systematic (non-
diversifiable) risk is the risk inherent in the market as a whole and is attributable to market wide factors. This
risk is not diversifiable and must be accepted by investor who chooses to hold the asset (Elton et al, 2010).

The risk of a portfolio is represented by the variance of return and is expressed as

oy = Zi wi of + Li Tjei WiWioi 078 @

Where g; is the correlation coefficient between the returns on assets i and j (Reilley & Brown, 2012).The
volatility of portfolio return is the standard deviation of return, g,

7, = o} ’ 3)

1.1.2  Diversification and Optimal Portfolio size

Investors strive to maximize their expected return with the minimum possible risk. These are two conflicting
objectives that must be balanced against each other. Portfolios that satisfy this requirement are called efficient
portfolios. In constructing efficient portfolios investors are assumed to be risk averse and when presented with
two efficient portfolios with same expected return they will prefer the less risky one. The optimal portfolio is the
efficient portfolio which is most preferred by the investor. Modern portfolio theory postulates that as the number
of securities in a portfolio increases, the portfolio risk decreases (Elton et al, 2010). Markowitz (1952) suggested
that there is a portfolio which will give the investor maximum expected return with minimum variance and he
called this the optimal portfolio. Increasing the number of securities in a portfolio beyond this optimal size
depends on the marginal benefits of risk reduction derived from diversification against the marginal cost of
maintaining the portfolio in terms of operational costs (Evans & Archer, 1968). Beyond the optimal portfolio
risk reduction benefits becomes insignificant.

Investment managers use diversification as one of the main concepts to eliminate as much risk as possible from
their portfolios. Diversification eliminates or lessens firm- or company- specific risk factors. However
investment managers can do nothing to eliminate exposure to market-wide (systematic) risk factors. Generally a
diversified portfolio has the potential to earn much higher risk-adjusted return than undiversified one (Treynor &
Black, 1973). Incorporating different securities in a portfolio, the investment manager optimizes diversification,
earning a target return with the least risk. However too much diversification increases operating costs and
reduces the returns thus decreasing the portfolio efficiency. This is why it is essential to determine the optimal
portfolio. Investors reduce their risk by holding a combination of assets that are not perfectly positively
correlated i.e. correlation coefficient greater or equal to -1 but less than 1 (Reilley & Brown, 2012).

Figure 1: Risk Diversification
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1.1.3  The Kenyan Stock Market

The Kenyan capital markets are regulated and supervised by the Capital Markets Authority (CMA) through
legislative power of CMA Act of 1989. The act came into effect in 1990. The Authority supervises and regulates
the activities of market intermediaries including the stock exchange, central depository and settlement system
and all other persons licensed under Capital Markets Act. The capital market is part of the financial markets that
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provides funds for long-term development. It facilitates mobilization and allocation of capital resources to
finance long-term productive investments.

According to CMA (2013) the sector consisted of 5 approved institutions, 10 investment banks, 11 stock brokers,
21 fund managers, 17 investment advisors, 15 authorized depositories, 16 approved collective investment
schemes and 10 approved employee share ownership plans (ESOPS). The NSE is among the approved
institutions. Several funds are run under the collective investment schemes including money market fund, equity
fund, balanced fund and fixed income (bond) fund.

The Nairobi Securities Exchange was established in 1954. It has a computerized delivery and settlement system
and an Automated Trading System (ATS) which enables trading in equities and immobilized corporate and
treasury bonds. In 2007 the NSE established a Wide Area Network (WAN) platform to enable brokers conduct
trading from their offices. The NSE-20 share index acts as the gauge for market activity while the NASI acts as
an alternative index. There are 60 companies listed on the Main Investment Market Segment (MIMS) of the
NSE. Trading at the exchange is on the equities of these listed companies and immobilized corporate and
government bonds (NSE, 2014).

Thus financial instruments available for investment in the Kenyan capital markets include equities, bonds and
the collective investment schemes’ funds. This study utilized monthly returns of equities of listed firms to
determine the optimal portfolio size in the Nairobi Securities Exchange over a five year period from January
2009 to December 2013.

1.2 Research Problem

Investors make decisions to invest with expectation of a return for a given level of risk. Total risk of an
investment asset consists of non-systematic and systematic risks. Non-systematic risk is caused by firm specific
random factors and can be diversified away (eliminated) by holding investment in an optimal portfolio.
According to Modern Portfolio Theory portfolio risk is negatively related to portfolio size. Portfolio variance
decreases as the number of securities in the portfolio increases (Markowitz, 1952; Evans & Archer, 1968;
Reilley & Brown, 2012).

The Nairobi Securities Exchange has continued to develop over the last ten years. This has seen an increase in
available securities through more listing of firms at the NSE. Trading in the NSE has been automated and the
number of investors participating in the market has increased both individual/institutional and local/foreign.
With the increased choices investors have to make a decision on number of securities to include in their portfolio
in order to maximize return and minimize risk. However the number of securities to invest in, their combination
in a portfolio and the risk involved are equally important considerations. Kenyan investors will be exposed to
reduced risk if they diversified their portfolios. Information on the optimal portfolio size in Kenya is necessary to
help investors in selecting stocks to invest in and reduce their exposure to diversifiable risk.

Research has shown that most of the risk reduction benefits of diversification can be gained by forming
portfolios containing 8-20 randomly selected securities (Newbould & Poon, 1993; Tang, 2004; Solnik, 1990).
Treynor and Black (1973) showed that portfolio performance can be improved by optimally weighting a fund
manager’s stocks selection. Studies by Evans and Archer (1968), Fisher and Lorie (1970) and Tole (1982)
indicated that the major benefits of diversification are achieved rather quickly, with about 90% of maximum
benefit of diversification derived from portfolios of 12 to 18 stocks. Statman (1987) considered the trade-off
between diversification benefits and transaction costs involved in increasing the size of the portfolio. He
concluded that a well diversified portfolio must contain at least 30 to 40 stocks. Frahm and Wiechers (2011)
using monthly return data for equally weighted 40-assets portfolios found that diversification effect among
different assets contributed to portfolio performance. Gupta, Khoon and Shahnon (2001) found that 27 securities
were required for a well diversified portfolio in the Malaysia stock market while Zulkifli et al (2008) after
examination of the same market concluded that the benefit of diversification can be fully achieved by investing
in a portfolio of 15 stocks. Tsui, Low and Kwok (1983) found that a well diversified portfolio in Singapore stock
market consisted of 40 randomly selected securities. Nyariji (2001) evaluated the risk reduction benefits of
portfolio diversification at the NSE and established that the risk minimizing portfolio was 13 securities. There is
therefore no consensus on the optimal portfolio size since it may differ from one market to another and from one
period to another, in the same market.

While the NSE is an emerging capital market, Mwangangi (2006) found that over 60% of fund managers
considered mean-variance model in their allocation criteria. However, Kamanda (2001) found that the equity
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portfolios held by Kenyan insurance sector are poorly diversified and performed worse than the NSE. Very few
studies on optimal portfolio size have been done for emerging capital markets and the NSE in particular. For
example, Nyariji (2001) found that the risk minimizing portfolio for equities listed at the NSE was 13 securities.
However, as financial innovations increase and the financial markets develop the optimal portfolio size also
changes.

The NSE has continued to develop as evidenced by automated trading and listing of new firms. The success of
these listings has increased the number of investors in the stock market. However, most investors want to
maximize returns without risk consideration. This is attributed mainly to herd mentality. Determining the
optimal portfolio size is important to help decision making for investors on the NSE. There is no consensus on
optimal size as many of the studies done have provided varied results (Solnik, 1974). This study aimed at
contributing to this debate by using the mean-variance model to determine the optimal portfolio size on the NSE
over a five year period starting January 2009 to December 2013. The study sought to answer the following
question: what is the optimal portfolio size for an investor on the Nairobi Securities Exchange?

2. Literature Review

2.1 Theoretical Literature
This section reviews the Modern Portfolio Theory, Efficient frontier, Utility theory, indifference curves and the
Capital Asset Pricing Model (CAPM).

2.1.1  Modern Portfolio Theory

Modern Portfolio Theory (MPT) was pioneered by Markowitz in 1952. MPT is a finance theory that attempts to
maximize portfolio expected return for a given amount of portfolio risk by carefully choosing the proportions of
various assets. Expected returns must consider uncertainty due to market imperfections. The theory is a
mathematical formulation of the concept of diversification, with the aim of selecting a collection of assets that
has collectively lower risk than any individual asset (Markowitz, 1952).

The MPT is based on the mean-variance analysis model developed by Markowitz (1952). He derived the
expected rate of return for a portfolio of assets and an expected risk measure. Markowitz showed that variance of
the rate of return was a meaningful measure of portfolio risk under a reasonable set of assumptions (Reilley &
Brown, 2012). He derived the formula for computing the variance of a portfolio which indicated the importance
of investment diversification to reduce total risk and how to diversify effectively.

The Markowitz’s model is based on the following assumptions: First, investors care for risk over a single
holding period. Second, investors maximize one-period utility and their curves indicate diminishing marginal
utility for wealth. Third, investors estimate portfolio risk on the basis of the variability of the expected returns.
Fourth, investors base decisions solely on expected return and expected risk. Fifth, for a given level of risk
investors prefer higher returns to lower returns or for a given level of expected return they prefer less risk to
more risk. He showed that when investors consider the mean—variance criteria, they choose a combination of
market portfolio and a risk-free asset when constructing their portfolio structure (Reilley & Brown, 2012).

However, Markowitz’s analysis was limited by the assumption of a single holding period. Many real financial
problems do not fit that assumption e.g. pension or insurance problems. Merton (1971) considered multi-period
planning and portfolio strategy by an investor. However his solutions required an investor to have log utility
consumption with constant relative risk aversion equal to one. Diversification eliminates unsystematic risk
leaving systematic risk which is market-wide. Different assets often change in value in opposite directions e.g.
stock markets and bond markets. MPT models asset returns as normally distributed function, defines risk as
standard deviation and models a portfolio as a weighted combination of the assets returns (Elton et al, 2010).

Portfolio return is expressed as the mean of expected returns of component assets while risk is expressed as
variance of the asset returns. MPT seeks to reduce portfolio variance of returns. It assumes that investors are
rational and that markets are efficient. The MPT was developed in the 1950s through early 1970s. According to
Elton et al (2010) the contribution of covariance between different pairs of individual assets to the portfolio
variance increases with the number of assets. The portfolio variance gradually approaches average covariance
which is the minimum for the portfolio (Jorion & Khoury, 1996).
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The expected return for a portfolio (E (R,]) is the weighted average of the expected rates of returns of the
individual investments in the portfolio. The weights are the proportion of the total value for the individual assets
(Reilley & Brown, 2012).
E (R,) = i, wiR; ©)
Where w; = Weight of individual asset in the portfolio

R; = Expected rate of return of asset i
There are two concepts which are important in defining the variance of returns of a portfolio namely covariance
of returns and correlation coefficient. Covariance measures the to which two variables move together relative to
their individual mean values over time. The covariance of the rates of return of portfolio components is
important. A positive covariance indicates the rates of return for a pair of assets move in the same direction
relative to their individual means during the same time period while a negative covariance indicates movement
in different directions (Reilley & Brown, 2012).
For two assets:
Cowvy; = {(R; ~ E(RI)®; — E(R, )} 5)
Covariance is affected by the variability of the individual returns indices thus it is standardized by the product of
the individual assets standard deviations to yield Correlation coefficient (r;) which varies in the range of -1 to

+1.
CWU

mj =

6
4 Gidy ©)

A value of +1 indicates a perfect positive linear relationship, meaning returns of the two assets move together in
a completely linear manner. A value of -1 indicates a perfect negative relation , meaning when one of the assets
rate of return is above its mean the other assets rate of return will be below its mean by a comparable amount.

Markowitz developed the general formula for standard deviation of a portfolio as follows.
op = V(TR wiof + T Ef wiwjoowy; | i ™

The formula indicates that the standard deviation of a portfolio is a function of the weighted average of the
individual variances and the weighted covariance between all the assets of the portfolio. In a portfolio with large
number of securities the formula reduces to the sum of the weighted covariances (Reilley & Brown, 2012).

The concept of the efficient frontier was introduced by Markowitz (1952) and others. A portfolio of assets is said
to be efficient if it has the best possible expected return for its level of risk. Every possible combination of assets,
excluding risk-free asset, can be plotted in a risk-expected return space. The upward slopped part of the left
boundary of this region is referred to as the efficient frontier. Thus the efficient frontier is the portion of the
opportunity set that offers the highest expected return for a given level of risk (Sharpe & Alexander, 1990).

According to the efficient set theorem, an investor will choose an optimal portfolio from a set of for varying
levels of risk and minimum risk for varying levels of expected return. The set of portfolios meeting these two
conditions are referred as the efficient set or the efficient frontier. The set of all attainable portfolio combinations
with their expected returns and standard deviations make the feasible or opportunity set for the investor (Sharpe
& Alexander, 1990).

The Modern Portfolio Theory is important to this study because it provides a mathematical linkage between the
concept of risk diversification and the selection of a portfolio of assets. The model links the expected rate of
return of portfolio to the expected risk and indicates the importance of diversification to reduce the total risk of a
portfolio of investments.

2.1.2  Utility Theory

Utility concept represents the satisfaction experienced by the consumer of a good. Utility theory is used to
explain risk and return and it assumes that investors are rational and consistent i.e. individuals make rational
choices among alternative investments and they expect to get utility through a combination of risk and return.
Investors who are risk indifferent attach the same value to a nominal wealth gain as an equal nominal loss in
wealth (derive equal utility). Investors who are risk averse will lose more utility from a nominal lose in wealth
than the gain from the same amount of additional wealth. This satisfies the diminishing marginal utility of wealth
and they will require higher returns for risky investments. Risk seekers will attach greater weight to a nominal
gain in wealth than the loss of an equal amount in wealth. An increase in wealth will cause a higher utility
(Sharpe & Alexander, 1990).
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Any investor can have various combinations which will give equal utility irrespective of their attitude towards
risk. The risk and return trade-off for an investor can be depicted through the indifference curves. The general
shape of the curve for a risk-averse investor means that, for any additional risk taken, the investor will require
increased return at an accelerating (increasing) rate. The higher the indifference curves the higher the satisfaction
the individual will derive i.e. get higher returns with lesser risk. The steepness if the indifference curve depicts
the degree of risk aversion. This concept is important in determining the optimal portfolio for an investor (Elton
et al, 2010).

Each indifference curve indicates a distinct level of utility and the curves cannot intersect. The construction
makes the assumptions of non-satiation and risk aversion. The indifference curves of risk-averse investors are
convex and upward slopping, those for risk-neutral investors are parallel to the standard deviation axis and those
for risk-seekers are downward slopping. Combining the efficient set with the investor’s indifference curves will
give the optimal portfolio which the point where the highest possible indifference curve is tangent to the efficient
frontier (Sharpe & Alexander, 1990).

Utility theory is important to this study because investors endeavor to maximize their expected utility. The
theory explains the attitude of investors when making choices among alternative investment assets. The utility
theory explains indifference curves for investors which depict the risk and return trade off for investors. The
concept is thus important in determining the optimal portfolio size for investors.

2.1.3  Capital Asset Pricing Model (CAPM)

This model was developed by William Sharpe (1964) following the foundation laid by Markowitz (1952). It
gives a precise prediction about the relationship between an asset and its expected return. It provides a
benchmark return for evaluating possible investments. CAPM is also used to predict the expected return on
assets that have not been traded. The model assumes that: First, all investors are focused on a single holding
period and they seek to maximize the expected utility. Second, all investors can borrow and lend unlimited
amounts at a given risk-free rate. Third, all investors have identical estimates of variance and covariances among
all assets (homogenous expectations). Fourth, there are no transaction costs, no taxes and investors are price
takers and fifth, the quantities of all assets are given and fixed (Reilley & Brown, 2012).

The model gives a framework to enable prediction of asset prices and returns under equilibrium conditions.
CAPM links together non-diversifiable risk and return for all assets. The model is concerned with how
systematic risk is measured and how it affects required returns and security values. CAPM theory includes the
following propositions: First, investors require return in excess of the risk-free rate to compensate them for
systematic risk. Second, investors require no premium for bearing non-systematic risk since it can be diversified
away and third, because systematic risk varies between companies, investors will require higher return for
investments where systematic risk is greater (Sharpe, 1964).

The return on individual assets or portfolios is expressed as follows:

Ri=FRs + f; (Rm - Bf) ®)

Where H; is the expected return from asset i, Ry is the risk-free rate of return, Ry, is return from the market as a
whole, B; is the beta factor of asset i and (Ry, - Ry) is the market premium.

Sharpe established the relationship between an individual asset and the return of an efficient portfolio which
contains the asset. He formulated that assets which were more responsive to the efficient portfolio should have
higher expected returns. Thus in equilibrium asset prices adjusts linearly with assets responsiveness to systematic
risk of the efficient portfolio and the expected returns of the assets (Reilley & Brown, 2012).

CAPM is important to this study because it links together non-diversifiable risk and return for all assets. The
model is concerned with how systematic risk is measured and how it affects required returns and security values.
The higher the risk the higher the premium investors will require to be induced to hold the asset. The model thus
links security return to its risk.

2.2 Empirical Literature

Many empirical studies on optimal portfolio size were done in the developed stock markets. Evans and Archer
(1968) examined the relationship between diversification and the level of variation of returns for randomly
selected portfolios. They used 470 securities listed in the Standard and Poor’s Index for the period January 1958
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to July 1967. They used ordinary least squares (OLS) regression to analyze the data. 7-tests and F-tests were
then performed to test for significance and convergence respectively. The results of the analysis indicated a
relatively stable and predictable relationship exists between number of securities included in a portfolio and the
level of portfolio dispersion. They concluded that a portfolio consisting of 10 different stocks was sufficiently
diversified and that the results of their study raised doubt on the economic justification of raising portfolio sizes
beyond 10 securities.

However, Fisher and Lorie (1970) examined frequency distributions and dispersions of wealth ratios of
investments in different sized portfolios of stocks listed in the NYSE and reported different results from Archer
and Evans (1968). They used a mean variance model and data from1926 to 1965 with equal initial investments
made in each stock in a portfolio. The study found out that reduction of dispersion by increasing the number of
stocks in the portfolio is rapidly exhausted with 40% achievable reduction obtained by holding two stocks, 80%
with eight stocks, 90% with 16, 95% with 32 and 99% with 128 stocks respectively.

In Solnik (1974) the additional portfolio risk reduction that could be achieved by diversifying internationally was
examined. He studied the weekly stock returns of 8 countries over the period 1966 to 1971. He used data on
more than 300 stocks from the U.S. and seven major European markets of U.K., France, Germany, Switzerland,
Belgium, Italy and Netherlands. Using the mean variance model, he found out that, whether hedged against
exchange rate risk or not, an internationally diversified portfolio is likely to carry a much smaller risk than a
domestic portfolio. Another finding of the study was that well diversified stock portfolios from most of the
European markets had higher proportions of systemic risk than those for U.S. stocks.

Statman (1987) extended the investigation of how many stocks made a diversified portfolio by allowing for
borrowing and lending by firms. He used data over five years 1979 to 1984 and different sized portfolios of
randomly selected stocks listed in the Standard & Poor’s Index. He used a 500-stock benchmark portfolio to
compare with other less diversified portfolios using mean variance optimization model and the security market
line to allow for borrowing and lending. The study showed that a well diversified portfolio of randomly chosen
stocks must include at least 30 stocks for a borrowing investor and 40 stocks for a lending investor. This is
contrary to widely held notion that most of the diversification benefits are exhausted with a portfolio of 10
stocks. He suggested that diversification should be increased as long as the marginal benefits of risk reduction
exceed the marginal costs of increasing portfolio size.

Other studies have focused on stock markets and other financial markets outside the US. Cleary and Copp (1999)
evaluated diversification with Canadian stocks using the mean variance model. They used data on mean rates of
return and monthly standard deviations of those returns for a randomly selected sample of 222 stocks listed in
the Toronto Stock Exchange (TSE) over thirteen year period from January 1985 to December 1997. The results
of the study indicated that 30 to 50 Canadian stocks are required to capture most of the diversification benefits.
However substantial benefits occur by diversifying across as few as 10 stocks.

Empirical evidence on optimal portfolio size is adduced by Byrne and Lee (2000) who tested the empirical
relationship between asset sizes, the level of diversification of UK property portfolios. They used a sample of
136 property funds and data over 11 years from 1989 to 1999. The study used multiple regression analysis of
both systematic and specific risk against size and a series of variables describing the portfolio investment
structure of the funds. Results of the study showed that size is negatively related to specific risk but positively
related to systematic risk. This runs counter to portfolio theory which predicts that only specific risk is affected
by portfolio size. They concluded that there was significant positive correlation between size and risk.

There are various studies that have examined the issue of optimal portfolio size in emerging markets. A majority
of these studies were done in Asia. Tsui, Low and Kwok (1983) employed monthly data of 40 common stocks
listed on the Securities Exchange of Singapore to analyze systematic and unsystematic risks. The period of study
was June 1973 to December 1981 and used mean variance model. They found that 40 randomly selected
securities in a portfolio gave a well diversified portfolio for the Singapore stock market. Gupta, Khoon and
Shahnon (2001) examined the relationship between portfolio risk and the number of stocks in the portfolio for a
given return in the Malaysian stock market for the period September 1988 to June 1997. They used 213 stocks
traded on the Kuala Lumpur Stock Exchange (KLSE) and applied the random diversification approach based on
Statman (1987) technique. The study found out that, on average a well diversified portfolio of stocks contain at
least 27 randomly selected securities. The study extended to determine optimal portfolio for borrowing and
lending investors. They concluded that 30 securities give well diversified portfolio for borrowing investors while
for lending investors 50 securities were required.
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Ahuja (2011) evaluated portfolio diversification in the Karachi Stock Exchange using mean variance model. He
used data on daily returns for 15 randomly selected securities over three year period 2007 to 2009. From the
results he concluded that diversification theory is applicable in the Karachi Stock Exchange and a reduction of
52.25% of risk was achieved. The results indicate that 10 securities can diversify away significant amount of
risk. Rani (2013) used mean variance optimization model to investigate the relationship between portfolio size
and risk in the Indian stock market. He used a random sample of 225 securities listed in the Bombay Stock
Exchange (BSE-500). The study period was 11 years from 2001 to 2011 and used secondary data to calculate
daily security returns. He applied regression method to test the hypothesized relationship between portfolio size
and risk. The results of the study showed that portfolio risk decreased as the number of securities increased. The
study doubted the 20-30 securities range as the minimum number of securities for a well diversified portfolio
suggested by prior studies.

In conclusion, there is no consensus on the optimal portfolio size for investors to hold. It may differ from one
period to another in the same market as the market develops. The optimal portfolio size may also differ from one
market to another since markets differ in many fundamental ways. It may also differ across different markets as
investors diversify across markets.

2.3 Empirical Evidence on Optimal Portfolio Size in Kenya

There are few studies that have addressed the problem of portfolio diversification in Kenya. Also each study has
focused on a different financial market altogether. Nyaraji (2001) evaluated the risk reduction benefits of
portfolio diversification at the NSE. He used mean-variance analysis model and the period of study was 1996 to
2000. He used a census of 49 companies listed on the NSE. The study used weekly returns computed from
secondary data on share prices and dividend distributions of the quoted securities. The study found a significant
risk reduction at the NSE as the portfolio grew in size up to 13 securities after which risk reduction becomes
insignificant. He concluded that 13 securities were the risk minimizing portfolio size at the NSE.

While Kamanda (2001) evaluated quoted equity portfolios held by Kenyan insurance companies and the extent
of their diversification. He determined the relationship between different equity portfolios of respective
insurance companies and the NSE-20 share index. The study used both primary and secondary data to generate
portfolio returns. Regression analysis was used to derive the beta. Four models: Sharpe, Treynor, Jenssen and
coefficient of variation were used to determine the relative performance and the extent of diversification. From
the study he concluded that quoted equity portfolios held by Kenyan insurance companies were poorly
diversified and the insurance industry portfolio performed much worse than the market portfolio. If the optimal
portfolio size at the NSE is determined, it will help insurance managers in their decision making and improve
performance.

Lastly, Mwangangi (2006) surveyed the applicability of Markowitz’s portfolio optimization model in overall
asset allocation decisions by pension fund managers in Kenya. He used a questionnaire and secondary data from
RBA on funds allocation for three years from 2003 to 2005. The results of the study showed that 60% of the
fund managers applied the Markowitz’s optimization model in their allocation criteria. From the survey he
concluded that most fund managers considered the model in their allocation criteria and the key challenge faced
was client investment constraints. Determining the optimal portfolio size in the Kenya is essential to fund
managers in their allocation decisions and improvement of performance of funds under their management.

In summary, Kenyan investors have a wide range of assets to choose from. The Kenyan capital markets have
continued to develop with more listings and increased investor participation in the NSE. Without information
investors may be tempted to invest all available stocks which is costly due to increased maintenance costs or
invest in very few or what is new (e.g. new listings) and miss on the benefits of diversification. Determining the
optimal portfolio size will help them in making decisions in the selection of assets to invest in based on trade off
between risk and return. Few studies have been done in Kenya to determine the optimal portfolio size. There is
thus need for more studies in this area to support investor decisions. Most of the empirical studies reviewed have
indicated varied optimal sizes. This has ranged from 10 to over 50 securities. Studies in the same market have
yielded different results for example Malaysian stock market (Gupta et al, 2001; Zulkifli et al, 2008). This study
re-examined the optimal portfolio size at the NSE because no other study has been done since Nyaraji (2001)
and the NSE it now more developed compared to 2001.
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3. Research Methodology

3.1 Research Design

This was an empirical quantitative study based on secondary data to determine the optimal number of securities
to hold for an investor in the Kenyan capital markets. Due to the historical nature of securities prices data
collected and analyzed were treated as secondary sources. Statistical measures were used to analyze the
relationship between portfolio variance (as a measure of risk) and the portfolio size. Most of the earlier studies
on optimal portfolio size have employed this design hence this ensures consistency and ease of comparability of
the results against earlier studies.

The study used monthly returns of listed equities over a five year period from January 2009 to December 2013 to
calculate portfolio variance and standard deviation as a measure of risk. Portfolios of increasing number of
securities were constructed by random selection of the assets. For each portfolio size, several samples were
drawn and their mean and variance averaged to obtain a representative portfolio risk.

3.2 Population and Sample

The population for the study comprised all 60 (sixty) firms listed in the Nairobi Securities Exchange. The study
used a census of all securities in the population which had complete information on prices for all the months over
the study period January 2009 to December 2013 (i.e. not delisted or suspended from trading over the study
period).

Portfolios of increasing number of securities were constructed by random selection of assets. For each portfolio
size several samples were randomly drawn and their mean and variance of returns averaged to give a
representative portfolio risk. According to the law of large numbers, this avoided undue bias of one or few
securities on the results.

3.4 Data and Data Collection Instruments

The study used secondary data consisting of monthly opening and closing security prices and dividend
distributions over the study period January 2009 to December 2013. The data was obtained from Nairobi
Securities Exchange, Capital Markets Authority websites, published company annual reports, Newspapers and
periodicals on capital markets. From the monthly opening and closing prices for each security and dividend
distribution, expected return, variance and standard deviation of returns were computed.

3.5 Data Analysis
Statistical measures of arithmetic mean, variance and standard deviation of returns were used. Regression
analysis was used to test the strength of the relationship between variables.

3.5.1 Conceptual Model

Portfolio Variance (or Standard deviation) was used as the measure of risk. The number of securities combined
constituted portfolio size. Portfolio variance is computed from dispersion of security rates of return from their
mean. Using equally weighted portfolios, the time series standard deviation is expected to decline to an
asymptote as the number of securities in the portfolio increases (Evans & archer, 1968).

Portfolio risk is negatively related to portfolio size. As the number of securities in a portfolio (diversification)
increases, portfolio risk decreases. The model below represents that relationship.

Y=B(J—tj+A
)]

Where Y is portfolio standard deviation (risk), X is portfolio size, B is a parameter of the
model and A is a constant
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Figure 2: Conceptual Model

A

Portfolio risk

v

Number of securities

3.5.2 Analytical Model

The study applied the mean variance model (Evans & Archer, 1968; Cleary & Copp, 1999). According to
Brealey and Myers (1991) return and risk calculation for each security is as follows R, = Sl e
(10)

where F. is the price at the end of period, F;_; is the price at the beginning of the period, H; is the security
return for the period, t is the period of return, D is the dividend paid over the period and n is the total number of
periods considered.

The mean security return R = EELL R an
Security Variance (6%) = > XL (R, — ) — (12)
Security standard deviation (o) = Vvariance

Total market Return = sum of all securities returns for the five years
Average market return ( Ry, ) = Total market return / Number of periods considered

Fr—y

Security Covariance with market portfolio

Covariance (R, R; ) = % n_ (R, —R.J(R; — R} - (13)
According to Pandey (2005) portfolio risk for naive N-security portfolio is given by

gf =N ( th x Average Variance + [ N*— N)( wir )* x Average Covariance (14)
gl = Tl; x Average Variance + (1 - Tl, ) x Average Covariance (15)

Where N is the number of securities in the portfolio

Portfolio standard deviation is the square root of portfolio variance
&, = o2 (16)

Portfolio standard deviation (risk) was plotted against number of securities and the point at which the curve
became asymptotic was the optimal portfolio size. Regression analysis was used to measure strength of variables
relationship at 95% confidence level (p<0.05). The estimated regression model equation (9) was used. Portfolio
standard deviation was regressed on the inverse of portfolio size.

4. Data Analysis, Results and Discussion

4.1 Summary Statistics

A total of forty three (43) securities had complete information on returns for the study period January 2009 to
December 2013. The forty three were the securities used the study and are provided as appendix A. Table 1
indicates the securities mean monthly rates of return, variances from expected rates of monthly returns and the
securities covariance with total market monthly rates of return. Seven securities had negative mean monthly rates
of return while thirty six had positive returns. The mean monthly rates of returns ranged from -1.44% to 4.79%.
The average monthly rate of return was 1.26% over the 60 month study period. Thirty random samples were
drawn to determine the average variance of securities for each portfolio size from a portfolio of one security to a
thirty security portfolio. Appendix 3 shows the results of the sampling.

. . . . . . 5 1 . N-1
The portfolio risk was then determined using the naive N-security formula gz = S * Average variance + W *

Average covariance of all securities where N is the number of securities in the portfolio. ¢ = \variance. Table 2
presents the portfolio variances and standard deviations calculated.
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Table 1: Securities Mean Monthly Rates of Returns, Variances and Covariances

Security Mean Return Mean Variance Covariance With Market

Athi River Mining 0.0300927 0.0069056 0.0027656
Bamburi Cement 0.0099881 0.0047271 0.0019527
British American Tobacco 0.0346510 0.0036429 0.0011855
Barclays Bank 0.0023454 0.0193697 0.0041521
Crown Berger 0.0373895 0.0127001 0.0034285
Car & General 0.0032534 0.0115842 0.0022979
East African Cables 0.0022105 0.0089671 0.0027889
Cfc Stanbic Bank 0.0117935 0.0106387 0.0019639
Cooperative Bank 0.0157726 0.0104212 0.0032228
Diamond Trust Bank 0.0227795 0.0062131 0.0026819
East Africa Brewaries 0.0176268 0.0070210 0.0022678
Egaads -0.0004196 0.0227453 0.0025106
Equity Bank 0.0178805 0.0141698 0.0032754
Eveready -0.0000283 0.0107833 0.0027386
Firestone (Sameer) 0.0090704 0.0147443 0.0038900
Housing Finance Company 0.0184541 0.0100815 0.0032893
Centum (Icdc) 0.0170803 0.0155293 0.0051036
Jubilee Holding 0.0205481 0.0105957 0.0037945
Kapchorua Tea 0.0196883 0.0113911 0.0019266
Kenya Commercial Bank 0.0206165 0.0084935 0.0027758
Kenya Electricity Generating Co 0.0027796 0.0110904 0.0031790
Kenol Kobil 0.0021448 0.0240514 0.0021050
Kenya Reinsurance 0.0107198 0.0131810 0.0031589
Kenya Power 0.0058499 0.0068963 0.0021287
Kenya Airways -0.0046012 0.0158096 0.0031019
Kukuzi Ltd 0.0366498 0.0140353 0.0032871
Mumias Sugar -0.0014082 0.0166430 0.0031137
National Bank 0.0008246 0.0141948 0.0038332
Nic Bank 0.0134152 0.0077038 0.0025482
Nation Media Group 0.0205914 0.0067824 0.0023885
Olympia Capital Holdings -0.0075113 0.0115182 0.0018991
Panafrica Insurance 0.0195247 0.0161309 0.0033227
East Africa Portland Cement 0.0037174 0.0150603 0.0018549
Sasini Tea 0.0214933 0.0140396 0.0036407
Scan Group 0.0168622 0.0127470 0.0025758
Standard Chartered Bank 0.0164396 0.0037851 0.0017734
Safaricom 0.0265137 0.0077673 0.0024229
Standard Group -0.0068123 0.0064529 0.0019321
Total Kenya 0.0031593 0.0079059 0.0012494
Tps Serena Ea 0.0044667 0.0114645 0.0038993
Unga Group 0.0140529 0.0090025 0.0025507
Williamson Tea 0.0478993 0.0417524 0.0047585
Express Kenya -0.0143762 0.0069786 0.0020676

Source: Calculation by authors
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Table 2: Portfolio Size, Variance and Standard Deviation of Monthly Returns
Portfolio Size Portfolio Variance Portfolio Risk (o) % Risk Reduction %
1 0.011035000 10.50 0
2 0.008677692 9.32 11.32
3 0.005859589 7.65 27.13
4 0.005183787 7.20 31.46
5 0.004637106 6.81 35.18
6 0.004231986 6.51 38.07
7 0.004117614 6.42 38.91
8 0.003969835 6.30 40.02
9 0.003826452 6.19 41.11
10 0.003731245 6.11 41.85
11 0.003653803 6.04 42.46
12 0.003565934 5.97 43.15
13 0.003502815 5.92 43.66
14 0.003469141 5.89 43.93
15 0.003420024 5.85 44.33
16 0.003386797 5.82 44.60
17 0.003338243 5.78 45.00
18 0.003322528 5.76 45.13
19 0.003278047 5.73 45.50
20 0.003238464 5.69 45.83
21 0.003264270 5.71 45.61
22 0.003215502 5.67 46.02
23 0.003197366 5.65 46.17
24 0.003183325 5.64 46.29
25 0.003173008 5.63 46.38
26 0.003155984 5.62 46.52
27 0.003154628 5.62 46.53
28 0.003140155 5.60 46.66
29 0.003121646 5.59 46.81
30 0.003119570 5.59 46.83

Source: Authors computations

Figure 3: Portfolio risk diversification on the NSE
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The results indicate that portfolio risk decreases as the number of securities in the portfolio (diversification)
increases. The rate of risk reduction is high initially with 40% of diversifiable risk being eliminated by holding a
portfolio of eight securities. The rate of risk reduction then slows with only an additional 7% risk reduction being
eliminated with the increase of portfolio size from 8 to 30 securities. This is supported by the plot in figure 3
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showing that portfolio risk reduces to an asymptote as the number of securities in the portfolio is increased. This
occurs at a portfolio size of between 18 and 22 securities portfolios.

4.3 Empirical Model

The results in Table 1 and the plot on figure 3 suggest an inverse relationship between portfolio risk and
portfolio size. This was tested using the following regression model

Y=p( :—t )+ A (18)

Where X is the portfolio size, B is a parameter of the model, Y is the mean portfolio risk and A is a constant.

Portfolio risk was regressed against the inverse of portfolio size. The regression results are presented in tables 3,
4 and 5.

Table 3: Regression Model Goodness of fit results

Model Multiple R R? Adjusted R* Standard
error
Y= ( ﬁ Y+ A 0.976032 0.952639 0.950948 0.248088

Source: Authors computations

The model yielded a good fit as evidenced by a coefficient of determination ( £ ) of 0.952639. This indicated
that 95.26% of portfolio reduction in risk can be explained by increase in the number of securities in the
portfolio.

Table 4: Analysis of Variance (ANOVA)

df SS MS F F
Regression 1 34.66388 34.66388 563.2048 4.37E-20
Residual 28 1.723332 0.061548
Total 29 36.38721

Source: Authors computations

The results indicate that portfolio size is significant in determining the level of portfolio risk. This is supported
by a significance level of less than 0.05 (p<0.05)

Table 5: Regression Model coefficients

Coefficients Standard error t Stat P-Value
A 5.504822 0.055336 99.48059 3.03E-37
X 5.664949 0.238706 23.73194 4.37E-20

Source: Authors computations

Fitting the coefficients in table 5 into the regression model, results into the following equation. This is at a
significance level less than 0.05 (p < 0.05)

Y = 5.664949%( =) + 5.504822 (19)

As the number of securities in a portfolio increases the first component of the right hand side of the model
decreases and this yields a lower figure for portfolio risk Y. This is because the coefficient 5.6650 is being
divided by larger figures as the number of securities in the portfolio (X) increases.

4.4 Discussion

The study sought to determine the optimal number of securities an investor in the Nairobi Securities Exchange
should hold to minimize exposure to diversifiable risk. Naive portfolios were constructed and their variance and
standard deviations of monthly returns determined. The results of regression of portfolio risk (std. deviation)
against the reciprocal of portfolio size indicated a strong inverse relationship as indicated by a high coefficient of
determination of 0.952639. This indicates that 95.26% of the decrease in portfolio risk can be explained by
increase in the number of securities in the portfolio. The results show a very strong relationship of the variables
and a very good fit of the model to the study. This supports portfolio theory and the diversification principle
(Markowitz, 1952).

Investors aim to maximize returns and minimize risk. The results of the study show that 40% of risk reduction is
achieved by holding eight securities. Addition of 8 more securities eliminates a further 4% of risk while addition
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of the next fourteen securities yields only a further 3% of diversifiable risk reduction. This supports earlier
studies that indicated that most diversification benefits are achieved rather quickly and are gained by forming
portfolios containing 8-20 securities (Newbould & Poon, 1993; Evans & Archer, 1968). This study shows that
increasing portfolio size from 8 to 30 securities achieves only 7% further reduction in risk. The results thus
indicate investors in the NSE will gain maximum diversification benefits by holding portfolios containing 18-22
stocks.

5. Conclusions

This study sought to determine the relationship between portfolio risk and portfolio size, the optimal portfolio
size in the Nairobi Securities Exchange and the extent of risk reduction achieved by diversification. The results
of the study indicate that diversification results in risk reduction benefits. Portfolio risk decreased as the number
of securities in the portfolio increased. This was supported by a plot of portfolio standard deviation against
portfolio size which reduced to an asymptote. The results of regression of portfolio risk against the inverse of
portfolio size, further supports the strong inverse relationship as indicated by a high coefficient of determination
(R*) of 0.952639. This implies that 95.26% of the portfolio risk reduction can be explained by the increase in the
number of securities in the portfolio. The model coefficients are significant at p<0.05.

The results of the study indicate that portfolio risk at the NSE reduced from 10.5% standard deviation for one-
security portfolio to 5.59% standard deviation with 30-security portfolio. Risk reduction is initially rapid with
risk reduction of 40% is achieved with a portfolio size of 8 securities. Adding 8 more securities achieves a
further 5% reduction in portfolio risk while the next 14 additional securities achieves only a further 2% risk
reduction. The curve of the plot of portfolio risk against portfolio size becomes asymptotic at 18 securities.
Using this together with the results of risk reduction calculation it can be concluded that the optimal portfolio
size for investors in the Nairobi Securities Exchange is between 18 and 22 securities. This information will help
investors avoid under- or over- diversification. Investors will thus be exposed to reduced unsystematic risk if
they diversified their investments to hold such a portfolio size. The results support Modern Portfolio theory that
portfolio risk and portfolio size are inversely related thus portfolio risk decreases as the number of securities in
the portfolio increases and the applicability of the diversification concept in the Nairobi Securities Exchange.
However, increasing portfolio size results in additional operational costs of maintaining the portfolio. Holding
portfolios higher than the optimal size must be justified by conducting cost benefit analysis (Evans & Archer,
1968).
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