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ABSTRACT

In this study we analyze the stock prices movement in the Nairobi
Security Exchange. The Nairobi Stock Exchange (N.S.E) was
founded in 1954 as a voluntary organization of the stock brokers
and is now one of the most active capital markets in Africa where
market players buy and sell shares and other securities. The stock
prices usually vary with time and this can be attributed to fac-
tors such as economic growth, climatic changes, government polices
and political atmosphere. The trend of prices remains a challenge
econometricians and statisticians. The objective of the study was
to verify whether the price dynamics follow a random walk process
or mean reversion. We used Dickey-Fuller Test for unit root in a
simple regression model of prices return and the parameters were es-
timated by the ﬁ1ethod of ordinary least squares (O.L.S) estimates.
This may help market players understand the dynamics of prices so

that they can make meaningful decision.



Chapter 1

Introduction

1.1 Background information

In Kenya, dealing in shares and stock sta;:rted in the 1920’s when the
country was still a British colony. However the market was not formal as
there did not exist any rules. In 1954 the Nairobi Stock Exchange(N.S.E)
was constituted as a voluntary organization of stock broker which is now
one of the most active capital markets in Africa where market players buy
and sell shares and securities. 1988 saw the first privatization through the
N.S.E of the successful sale of 20% government stake in Kenya Commer-
cial Bank. By February 1994 it was rated by the International Finance
Corporation as the best performing market in the world with a return

of 179% in dollar terms[17]. In July 2011, the Nairobi Stock Exchange



limited changed its name to the Nairobi Securities Exchange limited. The
change of name reflected the strategic plan of Nairobi Securities Exchange
to evolve into a full service securities exchange which supports trading,

clearing and settlement of equities, debt and associated instruments.

The thrust of the study was to investigate whether price of stocks in the
Nairobi Security Exchange are mean reverting or follow a random walk
process. The Nairobi Security Exchange being the heart of business in
Kenya is one of the largest stock exchanges in Africa with the fourth
largest trading volume across the continent. Its activities have a direct
impact on macroeconomic variables such as inflation, Gross Domestic
Product, investments and recession. Currently N.S.E. is trading more
than 100 million shares each month and plays a large role in the economic
growth of the country. Changes in prices of commodities or services are
an important aspect of commerce. It is therefore important to study its
dynamics during trade. This study compares models of Random Walk
process and Mean Reversion for changes in prices of securities by testing
historical data received during trade of stock. Such information may help
traders to know the dynamics of the market which is paramount in making

meaningful decision on the behavior of stock and its equilibrium.



1.2 Statement df the Problem

Forecasting price changes in the N.S.E remains one of the greatest chal-
lenges facing econometricians and statisticians. The market players are
equally more interested to know trends of prices over time so that they
can make wise decisions. No scholar and practioner has studied the data
from the N.S.E. to find out if they follow a random walk process or mean

reversion.

1.3 Objective of the Study

The main objective of this study is to find out if the change in prices of
stock in Nairobi Security Exchange follow a random walk process or are

mean reverting.

1.4 Research Methodology

The historical data of stock prices from January 2008 to December 2012
were collected from Nairobi Security Exchange. The data were then or-
ganized such that there were columns for change in price against the

previous price as required by the use of Dickey-Fuller unit root test and
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the parameters were estimatked by the use of Ordinary Least éguare meth-
ods. So when comparing the computed test statistic énd critical value,
the null hypothesis is rejected if the computed value is smaller than the
critical value. Note that this is a one- tailed test i.e. the null hypothesis

is rejected when t-value >critical value.

1.5 Significance of the Study

The sfudy may provide an insight for testing historical data received
during trade of securities by market players in understanding the behavior
of price changes. They may use valuation techniques to ascertain the
true value of security in the market. For example consider the question
of investment strategy. If stock price movements contain large transitory
component, then fbr long horizon investors, the stock market may be

much less risky.
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Chapter 2

Literature Review

The random walk hypothesis is a financial theory stating that stock mar-
ket prices evolve according to a random walk and thus prices of the stock
cannot be predicted. It is consistently with the efficient market hypoth-
esis. The concept can be traced to French broker Jules Regnault who
publish a book in 1_863 and later by Louis Bachelier in 1900 whose PhD
dissertation was titled “Theory of speculation”[1]. Some ideas were later
developed by MIT Sloan School of management professor Paul H. Coot-
ner in his book "The Random character of stock prices [5] The term was
popularized by Burton G Malkiel in 1973 [3] in his book entitled A Ran-

dom walk Down Wall Street.

Conversely the Mean Reversion hypotheses states that both stocks high
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and low prices are temporary and that a stock will tend to move to the
average price over time. When the current market price is less than the

average then the stock is considered attractive for purchase.

Martin Weber a leading researcher in behavior finance observed the stock
market for ten years. Throughout that period he looked at the market
prices for noticeable trends and found that stocks with high prices in-
crease in the first five years and tended to become under performers in
the following five years. According to him, there are trends and other tips

to predict the stock market[21].

Scholars and practitioners have long been interested in the time series
properties of stock prices, with particular attention on whether stock
prices can be characterized as a pure random walk or mean reverting
process. These time series properties are not only of interest by them-
selves, but have important implications for stock market efficiency. If
stock prices follow a mean-reverting process, then there exists a tendency
for the price level to return to its long run trend path over time, allowing
market participants to forecast future returns by using past iqformation

on stock prices.




CHAPTER 2. LITERATURE REVIEW 7

Conversely, if stock prices follow random walk processes, then any shock
to stock prices will infinitely occur, so that there is no tendency for the
price level to return to its trend over time. This implies that future stock

prices are unpredictable based on historical observations.

In recent times, the empirical evidence has rejected the hypothesis that
stock prices are random walk processes. Studies by, inter alia, DeBondt
W.F.M, and Thaler R (1985) [6], French, K.R. and Roll,R. (1986) [9],
O’Brien (1987) [18], Lo and MacKinlay (1988) [16], Fama and French [8]
and Freﬁch and Roll (1988) [9], Cochran S.:] . and DeFina R.H (1994) [4],
find that stock prices contain a strong mean reverting component. This
is in contrast to, inter alia, Granger and Morgenstern (1963) [11], LeRoy
(1982) [15], Kim et al. (1991) [13], Richardson and Stock (1989)[20], who
find that stock returns are unpredictable, and that stock prices follow a

random walk or martingale process.

Much of the extant literature that has tested the hypothesis of mean re-
version in stock prices has tended to focus on a single country, particularly

the US, or a geographical region, such as Europe. With the exception of
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~ a handful of studies, the majority of stock markets around the world have
' been neglected. Furthermore, only the studies by Poterba and Summers
3 (1988) [19] and Cochran and DeFina (1994) [4] provide some evidence on
the behavior of stock prices. However, none of these studies include many
of the notable or better performing stock markets, from other regions of
the world. The study by Gallagher and Taylor (2000) [10] employs a more
sophisticated technique that departs from the extant literature. They use
the Kalman filter to decompose real stock price into its permanent, sea-
sonal é.nd temporary components, to measure the size of the transitory,

or mean reverting, component in stock prices.

Since then, however, it would appear that scholars and practitioners have
not employed this approach to decompose real stock prices into their

unobserved components.



Chapter 3

Basic Concepts

3.1 The random walk process

The random walk property is given by
-F)t = ])t—l + €ty

where P, is the price of the stock, P;_; is the previous price of the stock,
t is the time index, ¢; is the disturbance term with distribution #:d(0, o2).
In statistics, the Dickey-Fuller test is used in testing whether a unit root

is present in an autoregression model. It was named after the statistician

D.A Dickey and W.A Fuller who developed the test in 1979 [7]. A simple
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Autoregression(AR(1)) model is =
Pt = O‘I)t—l s €t

where « is the coeflicient of the previous price. A unit root is present if
a = 1. The model would be non stationary in this case. The regression

model can be written as
APt = -ljt - -F’t—l’

=(a=1)P_1+¢
AP, =8P, 1 + &, (3.1)

where 8 = (o — 1). B is the autoregressive parameter. [ in this case
depicts the rate of (;hange between AP, against P,_;. The slope measures
the rate of change of the present price of the stock to that of the imme-
diate past price. The unknown parameter [ is estimated by the Method

of ordinary least squares.

The significance of 3 is tested as a one sided ¢-test because the alternative

a > 1or 8> 0is ruled out as implying unreasonable explosive behavior.
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The problem is that the test statistic associates with B is non standard.
If P, is stationary a variable, then ﬁ would asymptotically follow a nor-
mal distribution and standard test would be possible. It can be shown
that if P, is a random walk, the distribution of ,B is skewed under the
null hypothesis. Dickey and Fuller simulated the correct test statistics,
Hy : B = 0 under the assumption of random walk process. Instead of us-
ing standard t-table to perform ¢-test, we use non-standard Dickey-Fuller
distribution to obtain critical values. (Note that the Dickey-Fuller distri-

bution changes depending on how the test equation is set up).

In any event, our test of hypothesis is giveﬁ by

Hy:a=1(orp =0)

Vs

H :8<0.

Under null hypothesis Hy, P; has a unit root i.e Prices follow a random
walk process.

The alternative hypothesis is given by

Hi:8 <0, P, is stationary i.e Prices follow mean reversion.
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3.2 Method of »Curve Fitting by the Prin-

cipal of Ordinary Least Squares.

“The principal of least squares provides us an analytical or mathematical
aevice to obtain an objective fit to the trend of the given time series. Most
of the data relating to economic and business time series conform to def-
inite laws of growth or decay accordingly. In such a situation analytical
trend fitting will be more reliable for forecasting and predictions. This
technique can be used to fit linear as well as non linear trends. Let the
straight line trend between the given price change AP, and the previous

price P;,_; be given by equation (3.1)

Let Y = AP, X = P,_; and e* = ¢. Let ,B be the coefficient since this
is a simple linear model. This in turn serves to define a vector of errors,

or residuals,

e* = Y- fX. The least squares principle for choosing B is to minimize

the sum of squared residual,

e+ ex = (Y — BX)T(Y - BX)
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- YTY _ 2,BTXTY + leTB e

M = —2XTY + 2XTXA (3.2)

op
Thus the necessary condition for a stationary point requires that we set
equation (3.2) equal to the 0 vector. Denoting the resultant O.L.S solution
for B ,simply by 8 gives

XTXﬁ =XTy (3.3)

These are referred to as the O.L.S normal equations. The assumption is

thatX”X is nonsingular. Thus an equivalent expression for ,3 is

B=X"X)"'XTY (3.4)

The vector of O.L.S residuals is likewise denoted by e*, where
e* = Y-  X. Using the expression to substitute for Y in equation (3.3)
gives

XTXG = XTX0 + X e+,

Thus

XTex =0 (3.5)
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This is a fundamental O.L.S. results. The first element in this equa-
tion gives éx = 0. That is the residuals from the O.L.S; regression always
have zero mean, provided that the equation contains a constant term.
The remaining element in equation (3.5) states that the residual has zero
sample correlation with each X variable.

To establish that the stationary point does indeed correspond to a mini-

mum of the sum of squares, differentiate equation (3.4) with respect to

to obtain
0?(e xT ex)

o T IXTX (3.6)

This gives a minimum provided X*X is positivé definite. Hence results

to equation (3.4).

3.3 Augménted Dickey-Fuller test

The text books exposition of unit root testing vary widely in character,
I have chosen ADF t- Test of a-1 =0 by testing f=0. The test statistics

for augmented Dickey -Fuller test is

(3.7)
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where f is the least square estimate and S.E(8) is the standard error

of estimate which is given by

S.E(B) = Z_(:::_Qy_)z (3.8)

where n-2 is the degree of freedom.

The crjtical value tabulated in Dickey -Fuller distribution table of 1976
for the model under study without drift at 5% level is -1.95 (see fig.1).
So when comparing the computed test statistics and the critical value,
the null hypothesis is rejected if the computed value is smaller than the
critical value .i.e if Computed t value > ADF Critical ¢ value,do not reject

the null hypothesis.

3.4 The disturbance term

The disturbance term ¢; denotes a stochastic variable with some specified
probability distribution. The purpose of the ¢ term is to characterize
the discrepancies that emerge between the actual observed values of Y

and the values that would be given by an exact functional relationship.
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We cannot predict the specific value of ¢, that will emerge in any single
observation,but we can make proposition about the main features of its
probability distribution. The first assumption of ¢ is that its average or

expected value is zero, that is

E(e) =0

3.5 The theory of Dickey-Fuller test

In Statistics, the Dickey-Fuller test tests whether a unit root is present
in an autoregressive model. It is named after the statistician D.A Dickey
and W.A. Fuller who developed the test in 1979. A Simple Autoregression

(AR (1)) model is
P.=aP_+¢€, (3.9)

where P, is the variable of interest, ¢ is the time index, « is a coefficient

and ¢ is the error term. A unit root is present if @ =1. The model would

be non-stationary in this case. The regression model can be written as

A_Pt = (a s 1)-Pt——1 -+ €4 (310)
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= BB +ep : * (3.11)

where A is the first operator. This model can be estimated and testing
for a unit root is equivalent to testing 8 = 0 (where 8 = a-1). Since the
test is done over residual term rather than raw data, it is not possible to
use t-distribution to provide critical values. Therefore this statistic ¢ has
specific distribution table known as Dickey-Fuller table. There are three

main version of the test namely:

1. Test for a unit root.

AP, = BPi—1+ &

2. Test for a unit root with a drift.
AP,=BP. 1 +ay+¢
3. Test for unit root with drift and deterministic time trend
AP, =pPFP 1+ a+at+¢

where ag denote a drift and a1t is the deterministic time trend. Each

version of the test has its own critical value which depends on the
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size of the sample. In each case, the null hypothesis is“that there is
a unit root,i.e § = 0. The three tests have low statistical power in
that they often can not distinguish between true unit root processes
(8 = 0) and near unit root processes (/3 is close to zero). This is

called the near observation problem.

The intuition behind the test is that if the series P, is stationary (or
trend stationary), then it has a tendency to return to a constant (or
deterministically trending mean). Therefore large values tend to be
followed by smaller values (negative changes) and small values tend
to be followed by larger values (positive changes). Accordingly, the
level of the series will be a significant predictor of the next period
change and will have a negative coefficient. If on the other hand, the
series is integré,ted, then positive changes will occur with probability
that do not depend on the current series, i.e in a random walk.
Hence for case [2]

AP, =a,+ ¢

has a random walk property. When it is integrated, it is written as

t
Pt=P,,+Zei+aot

i=1
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which has a deterministic trend coming from a,t and a stochastic
intercept coming from P, + 22:1 ¢; resulting in what is referred to
as a stochastic trend. It implies that where you are now does not
affect which way you will go next. For example the price today does

not affect the price tomorrow.

3.6 Mean reversion process

Mean reversion is equivalent to stationary.Shock to prices are tempo-
rary,so that returns are negatively autocorrelated at certain horizon. Mean
reversion thus implies that returns are predictable based on lagged prices.
Conversely, predictability of returns based on lagged prices need not imply
mean reverting, for example predictable explosive process are not mean

reverting.

Markets are the result of many decisions made by people every day and
if one can discover patterns in the people making these decisions, there
is the potential to profit from this predictability. Many people overweigh
recent data when making forecasts and this behavioral bias can create

trading opportunity.
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Chapter 4

Data Analysis

In this chapter, we give results from the analysis of data for the Nairobi
Security Exchange for stock prices of five companies namely Sasini Ltd,
Access Kenya, Kenya Commercial Bank, Mumias Sugar Company and
Express Ltd. The period covered in this study is five years from January
2008 to December 2012. The companies have been chosen from five differ-
ent categories based on highest volume of capital shares handled in their
respective categories. These categories are Agricultural, Commercial and
Services, Finance and Investment, Indust;‘ial and Allied, Alternative in-
vestment market segment. These companies must have taken five years.
The stock price of the day is obtained by getting the average of the lowest
price and highest price. The Imonthly price is obtained by summing up

daily prices of the month divided by the number of days obtained in their

20
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respective months. The average monthly data is then groiip into three
(Quarterly). The data used is for the mean of successive three months
(P;-1) and their respective change in price (AP;). The model for Dickey-
Fuller is

AP, = BP,_1 + ¢; where

AP, = P, — P,_,, P,_, is the previous price of the stock and P; is the

current price of the stock.

4.1 Results

The mean of successive three months (P;—;) and change in stock prices
(AP,) for Sasini limited were computed and are displayed on Table 4.1

between January 2008 and December 2012.

Let AP, be represented by Y and P;_; be X. Using ordinary least square

estimate to determine 3 we get
XTX = 2598.84

and

XTy = —9.275
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These give

B = (XTX)"L(XTY) = —0.00357.

But

Y=,BX+€t

and hence the estimate is given by

Therefore

o(Y —Y)? = 70.6832.

where

n—2=18.

The standard error is given by

S.E(f) = _Z(_Z_:_zy_)z (4.1)

= 1.98162.
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The test statistic is given by

A

= =1
ta=1 ik 4 -l —0.50644.

T S.E(p) 198162

Since the computed ¢ value is greater than tabulated critical value of -
1.95, we fail to reject the null hypothesis. The prices of Sasini limited do

follow a random walk process.

The mean of successive three months (P;_;) and change in stock prices
(AP,) for Access Kenya limited were computed and are displayed on Table

4.2 between January 2008 and December 2012.

Using ordinary least square estimate to determine 3.

(XTX) = 6789.3325

and

XTy — —189.4275

The estimate of the coeflicient is therefore given by

B=(XTX)xTy
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= —0.0279 -

To get the standard error of ,B, since
> (Y —Y)? =203.6798

then from equation (3.5)

203.6798

S.EB) = =

= 3.363859

The computed statistical ¢ value is

_ —1.0279
"~ 3.363859

tcx:l

= —0.30557.

Since the computed ¢ value is larger than the A.D.F critical value, we fail
to reject the null hypothesis. i.e unit root exist. The prices of Access

Kenya limited follow a random walk process

The Kenya Commercial Bank is categorized under Finance and invest-



CHAPTER 4. DATA ANALYSIS 25

ment in Nairobi Security Exchange. The mean of successive three months

(P;_1) and change in stock (AP;) are displayed on Table 4.3.

The least squares results for K.C.B are given as follows:

XTX =10592.465.

and

X'Y = 161.985.

From equation(3.3) the coefficient therefore becomes

161.985

10592.465 — 001029

8=
Using equation (3.5) gives the standard error of B

A 188.2992627
SE@) =\ — —

= 3.234357742.
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The computed statistical ¢ value using equation (3.5) becomes

L _—0.98471
*=1 ™ 3 934357742

= —0.304453.

The computed ¢-statistic is larger than the critical value ( at the 5% level
i.e-1.95). We conclude that the test statistic is not significant. We accept
the null hypothesis. Prices of stock for Kenya commercial bank follow a

random walk process

Mumias Sugar Company is categorized under industrial and Allied in the
Nairobi Security Exchange. The mean of successive three months (F;_;)
and change in stock (AP;) for Mumias Sugar limited were computed and

are displayed on Table 4.4.

Using ordinary least square estimates gives

XTX = 1181.825.
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and

XTy = —41.75.

The coefficient is given by

5o —41.75
~ 1181.825

= —0.0353.

using equation (3.3),

From equation(3.6) we get the standard error of B as

- 48.7861031

= 1.64336.

The computed test statistic is given by

R ~1.0353
a=1 7" 1 64336

= —0.629990

using equation(3.5).

27
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For a one sided test with 18 degrees of freedom, the critical value for ¢ is
-1.95 (at the 5% level). We will accept Hp since to—1 > -1.95 and con-

clude that prices of Mumias Sugar company follow a random walk process

Express Kenya limited company is categorized under Alternative invest-
ment market segment in the Nairobi Security Exchange. The data for

Express Kenya limited was analyzed to get the results on Table 4.5.

The ordinary least square estimates are given as follows:
B=(XTX)"'xTy

XTX = 2296.7375.

and

XTy = —90.8075

The coefficient is given by

—90.8075

B= o637

= —0.0395376
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using equation (3.3).

Since
D (Y —¥)? = 50.85455
then
- 50.825253
SEB)=\—1g

= 1.680848827

using equation (3.6) The computed ¢-test statistic is given by

—1.0395376

ta=1 = 7630848827

= —0.6184599

from equation (3.5).

For a one sided test with 18 degrees of freedom, the critical ¢ value is -1.95
(at the 5% level). Since computed ¢ value is larger than the critical value,
we will accept Hy and conclude that prices of Express Kenya limited

follow a random walk process
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Table 4.1: Change in price against the previous price for Sasini limited.

YEAR | QUARTER | P, AP,
1 14.95 0
2 14.80 | -0.15
2008
3 11.90 | -2.90
4 7.30 -4.60
1 5.65 -1.65
2 5.90 0.25
2009
3 6.35 0.45
4 7.25 0.9
1 10.25 | 3.00
g 144 4.15
2010
3 13.90 | -0.50
4 13.40 -0.5
1 11.65 | -1.75
o 10.85 | -0.80
2011
3 11.05 0.2
4 13.05 2.00
1 11.70 | -1.35
2 11.85 0.15
2012
3 12.65 0.80
4 11.55 | -1.10
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Table 4.2: Change in price against the previous price for Access Kenya

limited.
YEAR | QUARTER P, AP,
1 24.65 0
2 32.00 7.35
2008
3 31.50 -0.50
4 21.55 -9.95
1 21.20 -0.35
2 21.40 0.20
2009
3 23.10 1.70
4 22.05 -1.05
1 21.20 -0.85
2 18.45 -2.75
2010
3 18.35 -0.10
4 16.40 -1.95
1 11.70 -4.70
2 9.50 -2.20
2011
3 6.20 -3.30
4 525 -0.95
1 4.50 -0.75
) 4.75 0.20
2012
3 4.75 0.0
4 4.45 -0.30
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Table 4.3: Change in price against the previous price for Kenya Commer-

cial Bank.

YEAR | QUARTER| P, AP,
1 26.45 0
2 30.65 4.20
2008
3 28.75 | -1.90
4 2250 | -6.25
1 18.75 | -3.75
2 19.90 1.15
2009
3 21.85 1.95
4 20.10 | -1.75
1 21.55 1.45
2 21.30 | -0.25
2010
3 18.80 | -2.50
4 21.85 3.05
1 23.20 1.35
2 25.40 | -2.20
2011
3 20.85 | -4.55
4 16.15 | -4.70
1 19.20 3.05
2 23.09 3.80
2012
3 25.30 2.25
4 28.70 3.40

et e —~—
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Table 4.4: Change in price against the previous price for Mumias sugar

company.
YEAR | QUARTER| P, AP,
1 12.85 0

2 12.35 -0.50

2008
3 10.35 -2.00
4 6.95 -3.40
1 4.70 -2.25
2 5.95 1.25

2009
3 6.65 0.70
4 6.75 0.10
1 9.60 2.85
2 7.60 -2.00

2010
3 6.55 -1.05
4 5.70 -0.85
1 8.50 2.80
2 7.60 -0.90

2011
3 6.55 -1.05
4 -5.70 -0.85
1 4.90 -0.80
2 5.70 0.80

2012
3 6.55 0.85
4 5.60 -0.95
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Table 4.5: Change in price against the previous price for Express Kenya.

YEAR | QUARTER | P, AP,
1 21.90 0
2 20.45 | -1.45
2008
3 17.90 | -2.55
4 13.20 | -4.70
1 11304 184335
2 9.25 -2.05
2009
3 9.55 0.30
4 8.80 -0.75
1 935 | 0.55
g 9.70 0.35
2010
3 9.55 0.15
4 9.05 -0.50
1 7.15 -1.90
2 4.70 -2.45
2011
3 4.25 -0.45
4 3.95 -0.30
1 4.05 0.10
2 3.90 -0.15
2012
3 3.90 0.00
4 3.75 -0.15




Conclusions and

Recommendations

Our study was to find out if the prices of stock in Nairobi Security Ex-
change follow a random walk process or are mean reverting. Five com-
panies were selected from different categories according to the volume
of their shares between January 2008 and December 2012. The Stock
prices for Nairobi Security Exchange was analyzed for five years using
Dickey-Fuller ¢ test. Since the computed ¢ values for all the compa-
nies namely Sasini limited (-0.50644), Access Kenya (-0.30557), Kenya
Commercial Bank (-0.304453), Mumias Sugar Company (-0.629990) and
Express Kenya limited (-0.6184599) is more than the critical value of -
1.95 at 95% confidence level, we fail to reject the null hypothesis. The
study found that the prices of stock for Nairobi Security Exchange do
follow random walk processes. They do not follow a mean-reverting pro-
cess. Therefore the future returns cannot be predicted based on historical

movement in stock prices and that the volatility in stock market will in-
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crease in the long run without bound.

We recommend that other possible diffusion processes like mean reversion
with jump diffusion be used to model price processes because such pro-
cesses may take into consideration the effects of economic recession and

economic peaks.
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