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Abstract

Nairobi Securities Exchange 20 Index Share (NSE-20 Share Index/ An Exchange Traded Fund) has been one of
the investment avenues for both Kenyans and foreign investors look whenever they want to make sound
investments decisions in the market. However, the assumption that the daily securities index prices follows a
normal distribution has been disputed by data in several cases. This means new statistical distributions must be
used to discern the distribution of NSE-20 Share Index thus enabling investors make prudent financial decisions
to avoid financial loses. In this research paper, we will model the prices of daily securities index using a log-normal
distribution. This is because the distribution follows a positive trend before we can ascertain on how well it fits
the already available data at the NSE market. This research paper recommends that a log-normal distribution best
fits data of the daily prices of NSE-20 Share Index for those investors who would like to model the future of the
market before making financial decisions.
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1. Introduction

A securities market index such as NSE-20 Share Index is a measure sensitively of the respective cumulative
securities prices of the index to the market performance. It also gives an overview of how the market performance
for the investors who would like to make investment at any of the traded securities. The securities indexes are
often tabulated daily by summarizing the daily movement of the list of 20 securities that makes the index for
investors to get information on the general performance of the market as by [3] . In addition, you can use all the
securities prices movements such as NSE All Securities Index commonly known as NASI.

NSE All Share Index (NASI) is also an important index that shows the overall performance of the market for
the investors interested in all sectors of the Kenyan economy as opposed to NSE-20 share Index. This is because
it incorporates all the number of traded securities in a daily basis as [5]. It is important again because it given the
overall capitalization of the market as time moves thus helping in making a comparison with the NSE-20 share
index from [9] analysis.

The NSE-20 Securities index often measures the expected value of performance of top 20 large capitalization
securities drawn from different sectors of industries in the Kenyan market traded at the securities exchange market
as in [2]. While in most cases, securities prices are often assumed to follow a normal distribution, this might not
be cases when modeling the prices movements.

Many trading theories have been developed when modeling the randomness of securities index using the
concept of random walks movement of security prices such as central-limit theorem on the daily prices that do not
represent the reality of trading at the trading stock markets. This means both weekly as well as monthly price
changes might not have a normal or a Gaussian distribution when trading in the market. However, the incidence
of extreme events such as the breakdown of a pandemic in the global market such as Covid-19 might have huge
impact on the performance of the stock index thus helping an investor make a sound financial decision while
trading in the market as per[4]. The price changes in most cases are leptokurtic meaning that it has too many price
values near the expected return of the day as well as many out within the extreme tails of the distribution in case
of a heavy-tailed distribution.

While many heavy-tailed distributions such as student-t distribution as been used to model the volatility of
the securities exchange market as by [10], the concept of “fatness of the tail” differs in cases of extreme value of
events such as currently experienced market returns after the Covid-19 events. During the study of the author, the
daily cumulative distribution of return of the stock index fitted well the Taiwan stock index such brought out the
issue of heavy-tailed distribution.

While logistic distribution has been an option of general stochastic model measurement as illustrated by [11],
it is commonly used in risk measurement within financial assets returns. It was noted in the paper that portfolio
diversification is one way of reducing the high levels of volatility that exists in the market especially during
extreme times of trading as per [6]. The future growth of stock market prices often follows a generalized linear
model that predicts the future market.

In this paper, we intend to model the daily prices of NSE-20 share Index using a log normal distribution to
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take into considerations the heavy tailed that is likely to experience in the market after crushes due to pandemic
like Covid-19 virus experienced in the market today in Kenya. The data available in the securities exchange market
should be able to fit the data well to offer information for future traders when making trading decisions to avoid
loses likely to be experienced in the future.

2. NSE-20 Share Index Modeling
2.1 Mathematical Preliminaries of Log-normal Distribution
A lognormal) distribution commonly known as log-normal distribution is a continuous PDF of a random variable
where natural logarithms of the individual random variables are normally distributed as [8]. This means that when
you take the natural logarithms of the random variables, the random variables will normally be distributed with
mean = 0 and variance = o2 . Therefore, if a random variable X with log-normally distributed, then Y = In (X)
follows a normal distribution. On the contrary side, if Y has a normal or Gaussian distribution, then Z distribution
of the exponential function, X = exp (Z), has a log-normal distribution. The feature of a log normal distribution
that makes it necessary when modeling the NSE-20 Share Index only takes positive values while taking care of
the possibility of extreme events during trading in the financial markets.

Let Z to be defined as a standard normal distribution with mean =0 and variance =1. This means that
distribution of a random variable.
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where Y has a log-normal distribution with parameters, mean= 0 and variance= 2.
Let the probability density function be given by f(y), then then;
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In terms of the cumulative density function,CDF, the log-normal distribution will be;

F(r)= [ f(y)dy

ally
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F(Y) =022 (0.4)
From equation (0.0.3), the mean and variance of the log-normal distribution will be
given by;
mean = [E(y)] = e(0+7) (0.5)
variance = [E()‘j]z(.s'c’2 =) (0.6)
2.2 Return Modeling
The series of NSE-20 share Index returns can be defined as;
{nS; 1
Rt 0.7
! InS; 1)

R = logS; 1 —InS;

where Rt is the return on an NSE-20 share Index at time t and the NSE-20 share Index at time t+1 for S t+1 and t
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for S t respectively during the time of trade. It is important to note that the Return on NSE-20 share Index is
modeled as log-normal distribution with the mean and variance of returns given above.

3. Modeling Fitting and Data Analysis
3.1 Fitting the NSE-20 Share Index Data
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Figure 1: NSE-20 Share Index Trading Against Time

It is important to summarizes the relevant information on the empirical log-normal distributions of securities
index returns under different consideration. The vital statistics that needs to reported includes mean, variance,
standard deviation, minimum as well as maximum level of return during the trading period, kurtosis and
coefficients of skewness.

Mean 3888.886
Variance 655354.3
Standard Deviation | 809.5395
Maximum Return |5491.37

Minimum Return |1917.67
Skewness -0.03806132

Kurtosis 2.038016

Table 1: Sample Moments Distributions of the NSE 20 Share Index

From statistics analysis from [12], the third central moment is referred as an asymmetry measure or skewness
within the specified distribution. From results illustrated in table 1, it is important to note the data distribution is
not symmetrical as it is negatively skewed with the skewness coefficient of -0.03806132. In addition, the kurtosis,
which is a measure of general peakedness or just flatness near the center of the distribution degree. The ratio is
obtained by getting the ratio of the 4th central moment before dividing it by the variance square. For a normal
distribution, the ratio should be equal to 3. Any ratio that is greater than 3 does indicate that more values within
the neighborhood of its mean (which is more peaked compared to the normal or Gaussian distribution). From the
analysis of our NSE-20 share index data, it is a heavy tailed, which is an excess kurtosis. This is shown by the
coefficient of kurtosis of 2.038016. We can conclude that our data is mesokurtic

3.2 Non-normality Assumption Test
For purposes of testing for normality, we will assume that NSE- 20 share index Prices follows a normal

distribution with mean= 0 and variance = 2. The pdf will be given by;
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The distribution of NSE-20 share Index from the Nairobi Securities Exchange market, are assumed not to
follow a normal distribution to take into consideration the presence of extreme events such the existing presence
of Covid-19 that massively affects the behavioral of investors. Using the procedure of [1], which as assumption
that all data available at NSE is not normal. We will obtain the MLEs of the normal distribution as well as their
corresponding standard errors. The results are shown below;

Parameters | Estimates | Standard Error
0 3888.886 [0.0189152

o 809.5395 10.0134072

Table 2: Maximum Likelihoods Estimates of the Normal Distribution
From the above table 2, the estimation of the parameters are as follows; 6 =3888.886 and ¢ =809.5395 with
the standard error of 0.0189152 and 0.0134072 respectively. While these are parameters for the normal distribution,
we can use the same parameters to obtain the parameters of the log-normal distribution as in equation (0.5) and
(0.6) respectively.

62
#+7) — 3888.886 (0.9)
E(y)2(e —1) = 655354.3 (0.10)

Solving equation 0.0.9 and 0.0.10 simultaneously;

(€7 —1) = $2823 — 0.0433342

2

e =1.0433342= ¢ = [n1.0433342

¢ =v0.04242 = ¢ =0.206 (0.11)
Replacing back the value of o to equation 0.0.9 to obtain the value of 6.

0 = In(3888.886) — 220

0 =8.256 (0.12)

From equation (0.11) and (0.12), we can derive that the value of NSE-20 share Index follows a log-normal
distribution with parameters, 6 =8.256 and ¢ =0.206) i.e. Y ~ LG (6 =8.256, 6 =0.2006).

On testing of the correlation between the different prices of the NSE-20 share Index during day trading, the
results are in the figure below:
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Residuals:
Min 1q.. Median 3Q Max
-39.525 -0.197 0.030 0.277 36.777

Coefficients: (2 not defined because of singularities)
Estimate std. Error _t value Pr(>|t|)
(Intercept) -0.3292837. O 564! -0.583 0.559978

open 1.0000781 " 0.0001419 7045.950 < 2e-16 ***
High NA NA NA NA
Low

E

‘ . NA NA NA NA
Change %__.22.1991819 6.0764487 3.653 0.000285 #*=*
signif. codes: 0 ‘***’ 0,001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 ‘' 1

Residual standard error: 2.6 on 519 degrees of freedom
Multiple R-squared: 1, Adjusted R-squared: 1
F-statistic: 2.524e+07 on 2 and 519 DF,. . p-value: < 2.2e-16

Figure 2: Relationship between Daily Lows and Highs of NSE-20 Share Index

3.3 Fitting a Log-Normal Distribution

With the data available at the NSE website, we can be able to fit the data with the log-normal distribution after
estimation of the parameters to obtain new fitted data. The data is then used to model the new prices of NSE-20
share index that follows a long normal distribution with the estimated levels of volatility of the market compared
to findings of [13] paper.
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Figure 3: Estimated volatility of the NSE-20 share Index

From figure 0.3, we can see that the daily volatility of the NSE-20 share Index is stochastic during the duration
of trading in the market. The values change daily as the value of the securities index changes during the trading
periods with the mean volatility obtained in equation (0.11).

4. Conclusion and Recommendations

The aim of this study was to fit an empirical probability distribution to the Kenyan NSE 20 share index. The
research paper used a log-normal distribution, we were finding returns in terms of logarithms price index as
opposed to the simple price index changes. The argument is that the natural logarithms of price is the return, that
has a continuous compounding, which you earn when hold the specific security for a particular day.

The research paper has shown from figure 0.2 that variability of security price index changes that makes it an
increasing price index function. However, by taking the natural logarithms can neutralize the effects on price index
levels. From the descriptive analysis, the historical data of NSE-20 share price index data shows that it heavy tailed
and non-symmetrical as assumed by most papers. With skewness coefficient of and low kurtosis, the data is
mesokurtic which disputes the previous assumptions. With the assumption that volatility of the NSE-20 Share
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Index is constant over the period of trading is flawed since it changes over time as in figure 0.3 when making
investments.

From our results, we can affirm that log-normal distribution fits the NSE-20 share Index data when modeling
the market trends especially when taking into considerations the cases of extreme events during the period of study.
Since the trends of NSE-20 share Index are heavy tailed, it offers a clear evidence that the changes in price over a
unit of time interval is not a constant variable. We can conclude that the future predictions of the NSE 20 Share
Index returns should be based on a log normal distribution as opposed to a normal distribution. In addition, we
recommend an investigation of the inverse gamma normal mixture distribution if it can best fit the returns of NSE
20 Share Index return as well as other normal mixtures. This research should investigate on how well the specified
distributions can fit the same NSE-20 share Index data.
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