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ABSTRACT

The gamma distribution is one of the most widely used statistical distributions in fitting
various real-life data. It has been applied intensively in the field of reliability engineering in
fitting failure data. This is because of its flexibility to sufficiently deal with decreasing, constant,
and increasing failure rates. In this study, the modified internal rate of return data has been
presented on the assumption of Gamma distribution. The purpose is to investigate the
profitability of investment in the property development sector in Malaysia. The flow of the
investment cash and the accumulation of the share units over the investment period has been
presented. The study demonstrated the computation procedure of MIRR according to a treasury
share dividend, which increases the small portion of investors’ share units instead of receiving
the dividend in cash. As the MIRR might exhibit negative values, the Gamma distribution of the
transformed MIRR for certain investment periods is developed and the method of the moment is
applied to estimate the parameters. The distribution fitting has been evaluated using the
Kolmogorov Smirnov test. The study revealed that the transformed MIRR is well fitted on the
Gamma distribution for four years to eight years investment periods. It is shown that this
approach has a better performance evaluation of investment return in the Malaysian property
sector from 2008 to 2019.

Keywords: Modified Internal Rate of Return, Transformed Modified Internal Rate of Return
Stock Price, Gamma Distribution

INTRODUCTION

Stock price plays a vital role in assisting investors' investment decisions in terms of
predicting stock market performance in both short and long-term investments. The value of an
investment is evaluated by the product of the share units held and the current stock price. As this
entity generally measures the changes in the stock market, there is a requirement to study the
investment performance (Besley & Brigham, 2015). Accordingly, different methods of
investment evaluation have been incorporated to calculate the rate of return, such as net present
value (NPV) and Internal Rate Of Return (IRR) or Modified IRR (MIRR) techniques in capital
budgeting based on Discounted Cash Flow (DCF) to detect the feasibility of an investment
project (Bonazzi & Lotti, 2016; Kierulff, 2008; Satyasai, 2009; Sabri & Sarsour, 2019). The
rate of return computation could be done by an iterative process aiming to find the root, such as
the Newton-Raphson algorithm (Ahmad, 2015), and the modified Newton-Raphson algorithm
(Pascual, Sison, Gerardo & Medina, 2018). However, some problems are arising with using
these techniques as they do not involve all the influential factors that have an impact on the
investment return, which makes their methods not effective enough to measure the stock
performance (Ross, Westerfield & Jordan, 2010; Brealey, Myers & Allen, 2006; Markowitz,
1952). Therefore, alternative investment evaluation methods have been developed by various
researchers to overcome this problem (Satyasai, 2009; Sabri & Sarsour, 2019). Sabri & Sarsour
(2019) study developed a useful procedure to determine the rate of return from log-term
investment by gathering financial factors that have an important effect on it, such as stock price,
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reinvested dividends, and share issuances such as share splits and bonus issues. The stock
investment model of (Sabri & Sarsour, 2019) introduced a more realistic picture of the
investment’s rate of return as they demonstrated how to compute the MIRR based on the method
of yearly annuity mode of contributions. However, it passed over the importance of the treasury
share (share payback) that some companies practice instead of cash dividend payout, which
increases the investor’s share unit and hence influences the rate of return.

This study gives a further explanation of how to obtain the modified internal rate of

return (MIRR) that is influenced by all the financial factors mentioned in the previous studies
but also adds the treasury share dividends to the calculation, which has a huge impact on the
investment’s rate of return. Also, the study proposes the transformed modified internal rate of
return (MIRR) by adding the value of 1 to it to avoid any negative return since the return
computed on any investment appears to be greater than —1.
As the rate of return can be in the form of a random variable, it will follow some statistical
distribution. The normal distribution is the most popular for modelling the return in finance. For
instance, (Sharpe, 1964; Thom, 1958) in explaining their theory of market equilibrium and
Capital Asset Pricing Models, assumed that the return follows a normal distribution. But, in
general, financial asset return distributions are not normal (Cont, 2001). Hence, other
distributions should have been used alternatively (Fama, 1963). Gamma distribution is widely
used in different scientific and technological fields, such as finance, meteorology, and
networking studies (Kim, Lee & Sung, 2003; Kellison, 2009). Such a distribution is used to
model positive continuous variables and it takes place logically in the process where the waiting
times between events are modelled the MIRR, which is also positive and continuous, instead of
the traditional MIRR model proposed in (Sabri & Sarsour, 2019). Add to that the benefit of the
information that we can score from the distribution’s statistical properties about the MIRR’s
behaviour over different periods by assembling 62 Malaysian stocks from the property sector
and determining whether the distribution of choice is a good fit to distribute the MIRR for long-
term investment. We also use the distribution’s mean and variance to discuss the benefits of the
long-term investment strategy.  This paper further utilized the approach used by, Sabri &
Sarsour (2019) in computing Modified Internal Rate Of Return (MIRR) for the property sector
of Malaysian public listed companies for different investment periods.

To the best of the authors' knowledge, there is no recent approach that fit the modified
internal rate of return on the assumption of Gamma distribution for property sector investment
return. Therefore, the contributions of this study are presented as follows; (1) To introduce the
modified internal rate of return model framework; (2) To fit the internal rate of return data set on
the assumption of Gamma distribution; (3) To analyses the potential investment return of
Malaysian property development sector for long term. The construction of the proposed
approach would exhibit better analysis for successfully interpreting MIRR real-life datasets to
detect profitable investment. This paper is organised as: in section 2, the materials and methods
used in this study are presented and presented an example of how the MIRR is being computed
extensively in Sabri & Sarsour (2019). Section 3 presented the Gamma distribution for
modelling the MIRR. The Results and discussion have been reported in section 4. This study is
conducted in Section 5.

MATERIALS AND METHODS
Gamma Distribution Model

The gamma distribution is another widely used distribution. Its importance is largely due
to its relation to exponential and normal distributions. The gamma function, shown by I'(x), is
an extension of the factorial function to real (and complex) numbers. Specifically, if n
€{1,2,3,...}, then

rn)=(n-n! 1)
More generally, for any positive real number o, I'(a) is defined as

2 1532-5806-25-S2-26

Citation Information: Sayed, A.lLA, & Sabri, S.R.M. (2022). Transformed modified internal rate of return on gamma distribution for
long term stock investment. Journal of management Information and Decision Sciences, 25(S2), 1-17.



Journal of Management Information and Decision Sciences Volume 25, Special Issue 2, 2022

I(a) = [x*e™dx, for x>0 )
0

Figure 1 shows the gamma function for positive real values.

I'(ex)

1 ,I_‘TL" .‘ji'- 4 cv
FIGURE 1
THE GAMMA FUNCTION FOR SOME REAL VALUES OF a

Note that for a=1, we can write

r@)=[e'dx=1
0 3)
Using the change of variable x=1y, we can show the following equation that is often
useful when working with the gamma distribution. Also, using integration by parts it can be
shown that
INa+1)=o (a), fora >0. 4)

Note that if a=n, where n is a positive integer, the above equation reduces to
n'=n-(n-1)! ®)
We can now define the gamma distribution by providing its PDF. A continuous random
variable X is said to have a gamma distribution with parameters >0 and >0, shown as

X~Gamma(a,4) if its PDF is given by if

a
2’ a-1,-1x

—x"e ", x>0
f (x)=1T(a) (6)
0, otherwise
If we let a=1, we obtain, Eq. reduced to,
e, x>0
f.(X)= ’ 7
<0 {O, otherwise "

Thus, we conclude Gamma(1,4)=Exponential(1). More generally, if you sum n
independent Exponential(4) random variables, then you will get a Gamma(n,A) random variable.
We will prove this later on using the moment generating function. The gamma distribution is
also related to the normal distribution as will be discussed later. Figure 2 shows the PDF of the
gamma distribution for several values of a.
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Y ~ Gammala, X)

FIGURE 2
PDF OF THE GAMMA DISTRIBUTION FOR SOME VALUES OF a And 4

Using the properties of the gamma function, show that the gamma PDF integrates to 1,
I.e., show that for ,4>0, we have,

X =1 (8)
o T'(a)
We can write according to Property 2 of the gamma function
T ﬂ'a a-1,—-1Ax ° T a-1,—-Ax
X e = x* e ©
lf@ i@/
A .r(a):l (10)
I(a) 2°

In the Solved Problems section, we calculate the mean and variance for the gamma distribution.
The mean and variance of the gamma distribution model can be deduced as follow

EX = [ f, (x)dx
0

(11)
= j X. A x> e dx
» T(a) (12)
_ A I x.x* e *dx
I(a)q (13)
_ A J.x“e‘“dx
T(a)sg (14)
According to Property 2 of the gamma function we have
_ A F(atl) (15)
F(a) A™
According to Property 3 of the gamma function
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Similarly, we can deduced EX? as follows,

EX? =Tx2dx
0

EX 2 _ J' X2 A Xa+1e—ﬂxdx
0

A% 7
EX 2 — X2Xa+le—ﬂ.xdx
el
A% 7
EX? = X“*e dx
el

According to property 2 of the gamma function

A2 T(a+2)
r(a) la+2
According to Property 3 of the gamma function

(a+)T(a+1)
B AT ()
According to Property 3 of the gamma function

_ (a+1)ol ()
AT ()
a(a+1)
22

Therefore, we deduced the variance of Gamma as follows,

Var(X) = EX?—(EX )’

a(a+l) o
YT

Modified Internal Rate of the Return Modelling Framework

Volume 25, Special Issue 2, 2022

(16)

17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

In this paper, we study the public listed companies of the Malaysian property sector from
the year 2008 to 2019. We chose one sector for simplicity to show a long-term investment
strategy by gathering all companies’ return information. We started in 2008 as some companies
did not provide an annual report for the previous year. We ended the data sample in 2019 to
avoid the impact of Covid-19 on the market. The list of Malaysian public listed companies
(Shariah compliance) is twice-yearly updated and can be downloaded from the Security
Commission Malaysia website (www.sc.com.my). The updated list consists of the names of

5

1532-5806-25-S2-26

Citation Information: Sayed, A.lLA, & Sabri, S.R.M. (2022). Transformed modified internal rate of return on gamma distribution for
long term stock investment. Journal of management Information and Decision Sciences, 25(S2), 1-17.



Journal of Management Information and Decision Sciences Volume 25, Special Issue 2, 2022

companies with their respective stock codes and is divided into several sectors, such as
consumer products, industrial and property, to name a few. From this information, we can then
download the annual reports that can be obtained from the Bursa Malaysia website
(www.bursamalaysia.com) and the stock prices are accessible from The Wall Street Journal
website (www.wsj.com).

For more information, the companies’ names can be referred to from the lists of the
Shariah compliance website (www.sc.com.my). The bracket indicates the number of yearly
dividends that the companies have declared over 12 years. In determining the companies’
MIRR, we need to extract the companies’ information such as dividend rates declared (in MYR)
as well as the stock issuances that are usually announced every year in their annual reports. In
addition, we also presented the events of share issuances over 12 years of duration that are
presented in Table 2, reflecting’s the accumulation of the share units. The share accumulation
function in this paper is denoted as g. For instance, if there is no share issuance announced for a
particular year, the share accumulation function (i.e. g) equals one. The share split from one (1)
ordinary share to two (2) shares means the current share units earned will be multiplied by two
units at the end of the year. The stock price here is reduced by half to enhance the liquidity of
the share capital traded in the market. Hence, the company’s asset share remains unchanged. On
the other hand, the bonus issue of one (1) share by two (2) existing ordinary shares indicates the
company awards half of the share units that consequently accumulates to 1.5 share units at the
end of the year. Some companies issue treasury shares which buy back the shareholders’ shares
at random for a certain rate of the share price. Here, as our main objective is to accumulate our
wealth by growing our share units and capital, we ignore this exercise by denying an offer to sell
shares back to the company. In practice, most dividends are distributed in cash that is credited to
the shareholders’ bank accounts. Some companies practice mandatory treasury shares by
distributing cash dividends instead. That can be called a treasury share dividend. Here, the
shareholder gets a dividend in cash, but his share units are reduced to a certain portion that is
reported in the company’s annual reports. For further examples, please refer to stock codes
3417, 8494, 1538, and 5401. The detail of the computation of share accumulation is presented
(Sabri & Sarsour, 2019).

Long Term Investment Framework

Sabri & Sarsour (2019) have underlined a long-term investment framework to increase
the investor’s ownership of a certain company in a determined period of investment. By this
strategy, the investor is committed to allocating his annual amount in advance to earn the share
units of the company. His share capital will also be increased by reinvesting the annual
dividends declared by the company. If the company that is held consistently makes a profit, it
will generously award a share bonus that consequently increases the ownership of the investor.

By utilizing this investment strategy, let a long-term investment model be as follows:-
a. An investor wishes to contribute his capital to stock, particularly an amount of € annually in advanced
mode.

b. If the company declares an annual dividend at k-the year (i.e Dk) to the investor, he reinvests it together
with C annually in the same stock for the next year.

c. No withdrawals have been made during (K years) the investment period.

d. Atthe end of K the year, the investor sells all his shares of the stock. The fund at the end of K years is
called the terminal fund and is denoted as F ( K) :

There might be a case where the stock price for a particular company is too expensive or
the amount of annual contribution C might be too small. This will consequently result in an
insufficient number of investors purchasing the stock in that kth year. Therefore, an investor

wishes to allocate a sufficient amount 2C at the beginning of (k +1)th the year. Here, we
denote C, =0 and C, ,=2C.From the above long term investment model, Figure 3 shows

the cash flow of the investment underlined as follows:
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FIGURE 3
STOCK INVESTMENT PROJECTION FRAMEWORK

Figure 3 indicates the series of cash out, C, is used to invest in the stock and the amount
of cash in, F(K) at the end of K the years. Mathematically, C, can be set to either zero, a unit

of C, oraproduct of an integer a, with C, subject to the following,
K+1

> a =K (29)
k=1
Hence, if all investment contributions have been allocated, then,
Va,,a,,..,a, =1 (30)
And thus,
Ay = 0 (31)

The value a,,, #0 indicates that Csat the end of investment years are not sufficient to

invest in the stock due to possible reasons of a smaller amount of C or the more expensive of
stock prices at the end of the years.

From Figure 3, the net present value (NPV) is computed by subtracting the present value of
cash in and the present value of the series of cash out and is shown in equation (31),

Uk —Uiy K+1

NPV =F(K)(@+r) 3 -C> a[l+r)*? (32)

Where r is the rate of return, u, ; is the date of purchasing of shares at the beginning of
the kth year, u, is the date of selling of all shares at the end of the kth year. If a_=1 for all,
then equation (32) can be simplified as,

Uk —Upn K+1 Uk —Upa

NPV =F(K)(@+r) * —C} a (@+r) P =F(K)@+r) * —Cdy (33

Where éiRr is defined as,

|
& 14— (1+1) "]
5 ~(k-1) _(
b —;(1+ r) Y = -
Note that, in actuarial notation, dgy, is called a present value of annuity-due paid 1 at
(L+1)L—(1+1) "]

r
(Bertsimas & Tsitsiklis, 1993). Equation (34), ris called a modified internal rate of return

(34)

every year for K years at an interest rate of r and is simplified as
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(MIRR) if NPV =0 For example, let the information on this investing model be given as
follows:
C =10,000MYR

Investment begins date (u,,)= 1% January 2008

Investment end date, (uj ) = 31" December 2019
i ; ; U; —U, ; U; —Uy
The investment period (K) equals int| ——— |=12 yearsand, int| ——— |=12.00548
365 365
The terminal fund F(12) =1,000,000MYR
Thus, r can be found by constructing equation (31) as follows,

NPV =1000000(L+r)***** —100008, (35)

By setting NPV =0, software computation assistance such as MS Excel is required.
Initially, we set the initial value, r=-0.9. The “Goal Seek” function is utilized by setting
NPV =0 to find the optimum value of r, that is then called as MIRR. For the above example,
r=0.3046.

Stock Investment Cash flow

Let a discrete yearly time series be defined as, k =1,2..., K where K is an investment year
period. We may also define u,, and u, ,as the respective dates in kth year, which are the date
of purchase of share units made at the beginning and the date of the financial year report
released. Here, we also note that, u,, <u,, <u,,,, . Finally, we define the date where all share
units are sold at the end of K the year, as u, . At the beginning of kth year, an amount C was
initially allocated to purchase E, share units. Bursa Malaysia regulates investors to trade stocks

on board lots. This means the investor is entitled to buy or sell his stocks in a number of lots
only, where 1-lot of stock according to the Bursa Malaysia rules is determined to be equivalent
to 100 share units. Hence, by assuming zero charges for brokerage fees, the share units bought,
E} and the exact contribution, C, are defined as,

£, —int| E=Bat Doy (36)
100x R, |
and,
C =E xR, (37)

Where B, is the share price on the date u,,, and B, , and Dy_, are the balance after

contribution of C is made and the amount of dividend declared in the previous year, respectively
at the end of k — 1-th year. Here, we may simplify the small value of the non-invested balance
amount as, B, = Dy_, + C — Ci. This balance will be used to invest together with the next
contribution, C and the dividend earned, D, for the next year. Thus, for k = 1, the respective
initial number of share units purchased and the exact amount of investment are defined as,

E, = Int| — = |x100 (38)
100xP,

and
C,=ExP,, (39)
Finally, the cash balance for the first year is |
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B,=C-C, (40)
If the company is declaring a dividend, we assume that the dividend will be distributed
on the date of the financial year report published at u,; ,. With the dividend per share defined as
dy, the amount of dividend, D, is partitioned into two components, i.e. the dividend obtained

from the existing share units, D,El) and the dividend earned from the newly purchased share
units, D). A noticeable D" is computed as follows,

D® =S® xd, (41)
If the date of purchasing share units is u,, and the financial report date is uy,, and the
difference between them is less than one year, then we may apply a prorated amount of dividend
payment, D,Ez). Hence, the linear approximation of dividend payment, D,Ez) IS proposed as

u,,—u
DIEZ) = (%]X Ek X dk (42)
Finally, the total dividend, D, is determined as
u,,—Uu
D, :D¢1>+D¢2>{sﬁ;{—k;%“]xek}dk (@3)

Figure 4 portrays the cash flow of the stock investment consisting of how the
contributions and the cash dividends paid are used to purchase the share units.

D, D, Dy F(K)
|
| v | v | v |
| | | | |
0 1 2 K-1 K
= 6= §= (= By_q + Dy_4
C-B, By +D; B, +D, (-B,
+C-B, +C - B,
FIGURE 4

CASH FLOW STOCK INVESTMENT OVER K YEARS

From figure 4, the investor allocates C; (< C) to purchase E; share units. The balance of
the non-invested capital is denoted by B; (i.e., equals to C — C;). In the first year, the investor
earns a dividend, D;. This amount will be used together with B; and new C to purchase another
share units, E, at the beginning of next year. The series of purchasing share units occurs
recursively and lasts until the beginning of K-th year. Since the dividend, Dy is paid after the
final payment, this dividend is not re-invested.

Accumulation of Share Modelling Framework

Share accumulation can be said as how the share units grow or turn down within one
year based on the issuance of the shares. Therefore, we need to determine the share units before
and after the share issuance events for a particular year. Here, we define S as the share units
before the share issuance event and S® as the share units after the event. The relationship
between these share units is explained by a so-called share issuance function, which is denoted
as g, and is generally presented as follows,

S@=gxs® (44)
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In this computation, we only consider the share issuances as follows:-

a. Share split (or sometimes called subdivision) or share consolidation. The share split issue means the shares
are divided at a certain rate that is greater than 1. For example, the share is split from one (1) share into two
(2) share units. Meanwhile, share consolidation means combining share issuance at a certain rate, which is a
positive value and less than 1.

b. Bonus issue. The bonus issue is defined as additional share units awarded by the company to its
shareholders generously for the consistent business performance of the company over the years.

c. Treasury share dividend. Some companies might not be able to pay the dividend in cash, but alternatively,
distribute their repurchased shares to their members. This may increase a small fractional share to the
shareholders, which is called a treasury share dividend.

By these underlined issues, the computation of the share accumulation function, g
consists of share split (Spl), bonus share (Bns) and treasury share dividend (Tre) issues. Hence,
the share accumulation function, g at k-th year is computed as follows,

g, (Spl,, Bns,, Tre, ) =Spl, x(1+Bns, )x(1+Tre, ) (45)
Next, by utilizing equation (5), the accumulated share units at the end of k-th year is computed
as,
S =g, xS (46)
And S is computed in equation (47) at the beginning of the first year, the shareholders'
purchases E; share units.
Slfl) =0 X Slgi)l +E, (47)
The share units before the share issuance event are denoted as S® =E,. Since he started
investing in this stock, his share accumulation has grown to
S =0, xE, (48)
At the end of the first year. He then purchases another E, share units for the next year, resulting
to equation (49) at the beginning of the second year.
SP=S®+E,=¢g,E, +E, (49)
His share accumulation after the share issuance according to equation (50) at the end of the
second year.
852) = 9281(2) =0,9.E +09,E, (50)
The procedure is repeated recursively by utilizing equation (50). This computation
requires software assistance to compute the accumulated share units at the end of K investment
years, S,((Z). Figure 5 illustrates the accumulation of the share units over four years.

“_:_
Ey |!
L i
s;!}l‘ - i sj_'l} = E; + 53[2}
i o @
. | Ey
H v
SO =s® g | sta
o
s = g, e
2 .
- o
Ey [:
| | ! ]
o 1 2 3 4.
FIGURE 5

SHARE UNIT ACCUMULATION OVER 4 YEARS
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In Figure 5, the shareholder purchases E; share units. The share units at the beginning of
the year are denoted as S = E,. There was no share issuance announced in the first year. As

the share units do not grow at the end of the first year, then, S =S®. In the second year, the
share units are then arisen by purchasing another E, share units at the beginning. The share units
at the beginning of the year are then denoted as S =S® +E, . There is a share issuance that
results in the growth of the share units at the rate of g,. Then, S® =g,S{" , where g, >1. In
the third year, the share units are then arisen by purchasing the next E5 share units at the
beginning. The share units at the beginning are then denoted as S{’ =S{? +E,. The share
consolidation issue was announced to raise the share price. The share units are reduced at the
end of the year at a rate of g;. Then, S{¥ = g,S®, where 0< g, <1. Finally, in the fourth year,
the share units are then arisen by purchasing another E, share units at the beginning. The share
units at the beginning are then denoted as S{” =S{” +E,.

Sabri & Sarsour (2019) demonstrated the computation of g mathematically which

consists of bonus issue and share split (or share consolidation) that can be referred to in equation
(4). For the remaining stocks that do not experience these issuances, then g =1. The

accumulated share units at the end of K-th year is denoted as S,(f). According to this investment
framework, this volume of share units is going to be sold at the date of uy. From Figure 2, the
small balance of the non-invested amount, By together with the final dividend Dy are left in the
shareholders’ cash. By selling all share units, the shareholder earns S,(f) X Py, and thus, the
terminal fund at the end of K-th year, F(K) is determined to be,
F(K)=S?PR,  +B+Dy (51)

From Figure 1, the net present value of this investment framework by using discounted

cash flow as in equation (31) can be generalized as follows,

Uks1a—Ya K+l

S
k=1
— K+1
=F(K)(1+ I’)—M_Zcz(l_'_r)f(kfl) (53)
365 —

If we wish to hold the stock of the company chosen for a long term period, the MIRR
can be computed by constructing the stock investment projection first. Figure 1 indicates the
stock investment projection as underlined above.

Sample Illustration

In this section, as an example and for simplicity, we implement the investment
framework as introduced in section 2.2, by allocating MYR10,000 every beginning of the year
for eight years investment period from the date of 3 January 2011 to the date of 3" January
2018 and withdrawing all our investment funds on the date of 31% December 2018. We illustrate
this investment projection by purchasing stock of Tropicana Corporation Berhad (Trop). By
holding Trop company shares, which was formerly known as Dijaya Corporation Berhad
(Dijacor) with the stock code 5401, we compute the MIRR from year 2011 to 2018. The
company has been committed to distributing share dividends for all years. Furthermore, it also
implemented a treasury share dividend in years 2015 and 2017 that reflected the increment of
0.013 and 0.012 portion of share units. Table 4 presents the share prices, dividend rates, and
share issuance functions of Trop stock. Meanwhile, Table 1 and 2 indicates the cash flow and
accumulated share units when purchasing this stock by this investment framework.
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Table 1
DIVIDEND, SHARE PRICE AND SHARE ISSUANCE OF TROPICANA CORPORATION BERHAD

k Date (MYR) Unit

Up g U2 Py, Py dp Spl, | Bns Trey, Ik
1 1/1/11 31/12/11 0.910 1.219 0.0375 1 0 0 1
2 1/1/12 31/12/12 1.219 0.975 0.0225 1 0 0 1
3 1/1/13 31/12/13 0.975 1.155 0.0818 1 0 0 1
4 1/1/14 31/12/14 1.155 1.004 0.0400 1 0 0 1
5 1/1/15 31/12/15 1.004 0.959 0.0500 1 0 0.013 1.013
6 1/1/16 31/12/16 0.959 0.959 0.0450 1 0 0 1
7 1/1/17 31/12/17 0.959 0.888 0.0200 1 0 0.012 1.012
8 1/1/18 31/12/18 0.888 0.864 0.0160 1 0 0 1

Table 2
THE CASH FLOW OF INVESTING OF TROP STOCK FROM YEAR 2011 TO 2018

k | €, (MYR) | E; (Units) | B, (MYR) | s (Units) | $@ (Units) | Dy (MYR) | C; (MYR)
1 9,919.00 10,900 81.00 10,800 10,900 407.63 10,000
2 10,483.40 8,600 5.23 19,500 19,500 438.75 10,000
3 10,432.50 10,700 11.48 30,200 30,200 2,466.45 10,000
4 12,474.00 10,800 3.93 41,000 41,000 1,638.82 10,000
5 11,546.00 11,500 96.75 52,500 53,183 2,623.42 10,000
6 12,658.80 13,200 61.37 66,383 66,383 2,987.21 10,000
7 13,042.40 13,600 6.19 79,983 80,942 1,598.90 10,000
8 11,544.00 13,000 61.09 93,942 03,942 1,502.51 10,000

From Table 1 and 2, we may then compute the respective terminal investment, F(K) and
MIRR= r by setting our investment period, K (i.e., K = 1,2, ...,8). For example, if K = 4, then
F(4)=S,”P_ =+B,+D, (54)
= (41,000)(1.004) +3.93+1,638.82 = 42,806.75 (55)
From equation (53), by setting zero-valued of NPV, we may search for the, r,, from the
following equation,
42,806.75(1+r, ) 3945200588 =100008,,, (56)

This results in r, = 0.027311. For further information, Table 6 indicates terminal
investment and MIRR respectively based on investment periods from one to eight years, by
contributing MYR10,000 every year starting from the year 2011. Table 3 reported the Terminal
investment and MIRR of Trop Stock from the year 2011 to 2018.

Table 3
TERMINAL INVESTMENT AND MIRR OF TROP STOCK FROM THE YEAR 2011 TO 2018
K F(K) (MYR) | (MIRR) = rg K F(K) (MYR) T
1 13,775.73 0.3788 5 53,722.19 0.0240
2 19,456.48 -0.0182 6 66,709.40 0.0303
3 37,358.93 0.1138 7 73,481.85 0.0121
4 42,806.75 0.0273 8 82,729.74 0.0074

For K = 1, the financial calculator computes r; = 0.3652 by simplifying the equation

13,775.73(1 + ;)" = 10,000. This is slightly different from r; in Table 3 as the term —u;;;l'l

in equation (53) is not rounded up (i.e., the dates u; ; = 3/1/2011 and u; = 31/12/2011 that
U1

gives % = 0.9917.). However, the computation of r; seems to be indifferent with the
financial calculator for the longer term.

Gamma Modelling On the Modified Internal Rate of Return for the Property Sector
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For i = 1,...,n stocks, and the years of investment starts at t = ty, ..., tr, the random
variable of MIRR for i-th stock at investment year t for K-years investment period, can be
denoted as R;;x Where K < T. It is very important to choose the best potential stocks to hold for
a long term period. Furthermore, holding a stock for K year’s period may vary in terms of
MIRR. Some might choose the best point of time to start investing, but it is very difficult to
identify as the MIRR measure can only be observed yearly. Therefore, by assuming the MIRR
for all companies and the starting time to invest are common, we may define the MIRR, denoted
as R;;x, as a random variable having a mean and variance E (Rg) and Var(Ry) respectively.

In stock investment, we may either obtain profit (or total invested fund be greater than
our total contributed investment) or lose everything. This indicates that even though we have
been allocating an amount of C for every year, the terminal fund may either grow more than our
total contributions or go to zero value. Let us consider investing a single amount of C at the
beginning. For some time K, our terminal investment, C(1+ RK)K is between 0 to infinite. Hence,

0<C(1+R.) <o —>-1<R, < (57)

Since, R >-1, we define a non-negative transformed rate of return, X, such that

X, =1+R, (58)
Here, we illustrate the transformed MIRR, X by assuming a Gamma distribution. Thus, for
i =1,...,n stocks, and the years of study starts at t = t4, ..., tr, the random variable of X;x for
i-th stock at investment year t for K-years investment period can be defined as Gamma
distribution, i.e., Let X [ T'(«,, 6,), and the probability density function (pdf) of this random

variable is defined as,

1 1 o Xtik
J— X oK oK , X 0
thiK (xtiK;aK’ QK) = F(OtK)(H j K € w = (59)

0 Otherwise

From equation (59), we deduced mean and variance as follows;

E(X,)=a.06, (60)
Var (X, )=a,6; (61)

If we wish to re-write the MIRR distribution in equation (60), we may have the following,

f a, 0 )= — 1) ~, -1 62
A e @

This will also indicate that, mean and variance in equations (62) and (63) respectively can be re-
written as follows,
E(Ry)=a.6 -1 (63)
Var (R, )=a,6; (64)

For a period of investment, T, the methods of moment estimation of « and ¢ can be defined in
equation (65) and equation (66) respectively as follows,

ay HK Ky

:@:m (65)
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2 X
R » -
Thus, it gives us
m_—-m
O =—+— (67)
m,
And
mZ
L (68)
m_—m

Log-likelihood function is given as follows,

L (@, 6, 1%) = In[T (¢, )] - In( et )+ In(xf{*)—% (69)

K

L 010)=-3 [T (a)]-Yan(a )+ S m(xe) -3 2 (70)

RESULTS AND DISCUSSION

About 62 companies in the property sector were observed in our study. Here, we only
develop the random variable of transformed MIRR from one to eight investment year periods
(i.e.,, K =1,...,8) as developing higher periods may not provide big enough data samples to
work with. As the period of our study starts from the year 2008 and lasts until 2019, we may set
t; = 2008 and t; = 2019 and hence, T = 12. Furthermore, all companies’ MIRR is counted in
our study. For example, for a one year investment period (i.e. K = 1) so the investor could
invest in any given year from the 12 years then we manage to obtain a maximum of T = 12
multiplied with 62 companies and resulting in the sample size of 744, and if the investor invests
at any given 8 years from the 12 years then for K = 8, we manage to get 310 sample size of
MIRR. Table 4 summarizes the parameters estimates of the Gamma distribution as in equation
(59) towards the transformed MIRR by using methods of moments over eight periods of
investment of property sector in Malaysia.

Table 4
PARAMETERS ESTIMATES OF TRANSFORMED MIRR BY THE ASSUMPTION OF
GAMMADISTRIBUTIONS
K 1 2 3 4 5 6 7 8

Ny 744 682 620 558 496 434 372 310
Mmyg 1.155 1.135 1.124 1.114 1.110 1.111 1.102 1.090
My 1.907 1.452 1.359 1.306 1.284 1.276 1.246 1.215
ag 2.324 7.861 13.188 18.669 23.687 29.159 36.620 43.740
Oy 0.497 0.144 0.085 0.060 0.047 0.038 0.030 0.025
E(Xy) 1.155 1.135 1.124 1.114 1.110 1.111 1.102 1.090
E(Ry) 0.155 0.135 0.124 0.114 0.110 0.111 0.102 0.090
Var(Xy) 0.574 0.164 0.096 0.066 0.052 0.042 0.033 0.027
KS 0.191* 0.103* 0.079* 0.073* 0.056 0.041 0.049 0.066

In this study we considered n, :n(T—K+l);n:62. Furthermore, KS indicate the

Kolmogorov-Smirnov test. Figure 3 illustrates the PP-Plot of Gamma distribution against the
empirical distribution of X. F(Gamma) Indicates the cumulative distribution function (cdf)
value Gamma distribution, whereas F, is the empirical cdf value among K investment periods
from the year 2008 to 2019. KS from Table 4 indicates the Kolmogorov-Smirnov statistic for

verifying whether the transformed MIRR for each investment period is being Gamma

distributed. At 5%, the KS are being compared with the critical region of % Here, the KS
K
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rejects the null hypothesis of being Gamma distributed for the return at lower investment
periods (i.e. from 1 to 4 years). Hence, the transformed MIRR is well fitted with Gamma
distribution for a longer period of investment.

Samma PP-Flat 1 Year Freestmed Pearod Ganma PP-Plot 2 Years Freestmend Period
o = a - -
- - n
T T T T T T L T T T T T T
Garnma FP-Plat 3 Yeors reestmerd Pasiod Garnma FP-Plat 4 Yeors Freestmes d Pasiod
o = a - -
- T
T T T T T T L T T T T T T
Gamia PRFlot 5 Yaars vesimant P oo Garmima FRPIot B Vaars Irves it P o
o T o - n
- - n
T T T T T T b T T T T T T
Gamima PRI T Years Irdstrert Pord o Garmima PRPot 2 Vaars Irves it P o
o T o - n
- - n
FIGURE 6

PP-PLOT FOR GAMMA DISTRIBUTION OF A RANDOM VARIABLE X

From Table 4, both the means and variances of transformed MIRR, as displayed in
Figure 7, decline over the investment period. This means purchasing companies’ shares of the
property sector is very attractive for a short-term period, but may have a high risk of committing
it. This is consistent with the theorem stating that the greater the stock return, the larger the
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volatility (Markowitz, 1952). Meanwhile, we might be certain to hold the stock for a longer
period as we have seen the decline in the variance of the MIRRs and a flattening 3-years
investment duration onwards for this sector.

1.4

12

0.8
0.6
0.4

0.2

+ E(X) X% Var(X)

FIGURE 7
MEAN AND VARIANCE OF X, =1+R, BY ASSUMPTION OF GAMMA DISTRIBUTIONS

The contribution of this study to the literature can be written as follows:

1. The investment rate of return is affected by more than cash dividends. Other practices such as share issuance
that come in several forms, such as share splits, bonus issues, or treasury share dividends, have an impact on
the rate of return. Therefore, it is important to have a fair calculation for share issuance, as shown by the share
accumulation function in equation (45), to get a realistic picture of MIRR.

2. As the return from any investment can be a positive value or zero but never a negative value, we transformed
the MIRR by adding 1 to it before we distributed it using a gamma distribution.

3. The assumption that MIRR is common for all points of investment’s beginning time allows us to start
investing at any time regardless of current economic situations, as we are only concerned with the period of
investment in this study. However, the issue of considering the right time to invest should be addressed as the
current MIRR might be auto-correlated with the previous time.

4. Continuous and positive distributions such as gamma distribution, are efficient tools to model the MIRR for
long term investment. The distribution properties and the KS test of the MIRR support the long-term
investment strategy as shown in the result.

5. This paper offers a long-term investment model based on comprehensive MIRR competition for 26 companies
of the Malaysian property sector, such a model is useful for helping organizations (governmental or not) or
individuals to make wise investment decisions. It also applies to other sectors of the Malaysian or the
international stock market.

CONCLUSION

An exhaustive computation of MIRRs for all stocks from various investment durations of
the property sector supports that the MIRR exhibits more than -1, thus requiring the
transformation distribution into the non-negative form. After transforming is made, the Gamma
distribution is suggested in this paper and the statistical properties of this distribution have been
presented. To make it easier to compute the parameters, the method of the moment is utilized.
To test the adequacy of the model fitted, Kolmogorov-Smirnov was used. The Gamma
distribution is well fitted to the transformed MIRR for a longer investment period. Furthermore,
the variance of the transformed MIRR for a longer period is decreasing, thus indicating that
investing in company stocks for a longer term is less risky and this suggests we hold them
longer, as being practised by many fund managers, such as employee provident funds as well as
unit trust funds. Maximum likelihood is a beneficial tool to estimate Gamma distribution
parameters. However, it is a tedious process as differentiating its log-likelihood function
towards a forms a non-linear function, and thus the estimated value of a can not be determined
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easily. Metaheuristics algorithms such as simulated annealing (Abbasi, Jahromi, Arkat &
Hosseinkouchack, 2006; Abubakar & Sabri, 2021; Abubakar & Sabri, 2021) can be used
towards such exponential family distributions as has been developed by Biondi (2006); Baldwin
(1959). Here, they estimated the Weibull distribution parameters by using this algorithm.
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