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Abstract: This paper has an intention of proposing useful parametric tables of each industry group
within Korea. These parametric tables can be insightful criteria for those who are dealing with the exact
valuation of company, technology or industry through Real Option Analysis (ROA) since the identification
of the movement of underlying asset is the very first step to be done. To give the exact estimations of
parameters and the most preferred model in each industry group, we cover topics on ROA, stochastic
process, and parametric estimation method like Generalized Method of Moments (GMM) and Maximum
Likelihood Estimation (MLE). Additionally, specific industry groups, such as, Internet service group and
mobile telecommunication service group defined independently in this paper are also examined in terms of

its property of movement with the suggesting of the most fitting stochastic model.
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1. INTRODUCTION

Valuation of technology, company or industry is one of the most important concerns nowadays. In
the world of highly advanced technology and complex social relationships, many decisions of business
affair such as new investment, Mergers And Acquisitions (M&A) or industry policy can be
implemented correctly only when the relevant company or industry is evaluated exactly. So far, there
have been many valuation approaches, such as Industry Standards, Ranking methods, auctions,
Discounted Cash Flow method (DCF) and so on'. However, in the view of the great importance of
exact valuation, those approaches are not so confirmable because they usually take the several wild
assumptions granted but still leave lots of uncertainty unresolved. On the other hand, the real option
analysis (ROA) which has recently emerged as the powerful tool of the valuation task has shown more
realistic evaluation result.

The most significant advantage of ROA is the curtailment of uncertainty. The uncertainty comes
from the future decisions which might be altered without notification according to various situations

affected by trends, financial crisis, political issues and so on. ROA can deal with the uncertainty more
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realistically because the method encompasses the possible changes of future decision. There have been
many applications of ROA in practice. Ottoo (1998) valued the internal growth opportunities of
Biotechnology company with a real option framework, Lee (2001) applied option pricing model to the
project of natural resource development, Insely (2002) examined the value of forestry investment
using ROA, Schwartz and Moon (2000) evaluated the company using ROA with Monte-Carlo
simulation and Baranzini, Chesney and Morisset (2003) interestingly studied the impact of possible
climate catastrophes on global warming policy with the aid of ROA.

Unfortunately, however, the advantage of considering uncertainty of ROA requires not a small
amount of information. Most importantly, the exact valuation through ROA can be obtained when the
movement of underlying asset is fully identified. However, figuring out the exact movement is not an
easy task because the estimation methodology has not been fully developed. So far, as a part of
estimating the movement of financial underlying asset, alternative estimation methods have been
released. The parametric estimation techniques estimate the value of parameters after assuming the
form of the function with the parametric restrictions. Generalized Method of Moments (GMM) and
Maximum Likelihood Estimation (MLE) based methods are proposed by Chan, Karolyi, Longstaff and
Sanders (1992, hereafter CKLS), Nowman (1997), Ait-Sahalia (1996, 1998) and Yu-Philips (2001) etc.
CKLS enabled the comparison of alternative models within one framework without considering the
distribution of the data. Nowman and Yu-Philips exploited the Gaussian approach and Ait-Sahalia
introduced the approximation of Hermite polynomial expansion to implement MLE. Additionally
some recent researchers like Gordon (2000) and Laskin (2000) focus on fractal property of data.

The intention of this paper is to suggest estimation methods which show good performance and
apply it to the semi-annual sales and daily industry index of Korean industry groups. This study will
contribute to have a general look on how the underlying asset of each industry has moved. Also
suggested industrial parametric table serves as a benchmark of individual company.

The paper is organized as follows. Section 2 describes several estimation methodologies putting
quite huge interests on GMM and MLE approach. Section 3 presents the results of simulation on

identifying best estimating method. Section 4 deals with empirical results. Section 5 concludes.

2. METHODOLOGIES

2.1. Real Option Analysis

-225-



Because of the intense competition in the market with the importance of technology and industry,
the more accurate analysis on real property has been required and ROA becomes one of the most
powerful tools. The basic knowledge of ROA is similar to that of financial option pricing and the
parameters used in option pricing can be compared to that of ROA. For example, current stock price,
exercise price and maturity data in financial option are present value of possible future earnings,
further investment expenditure and expected time of research in ROA. Even though ROA deals with
the non-trade property and it is the main difference between ROA and financial option, the option
pricing concept can still be applicable (Lee, 2003). Especially ROA is much more applicable if the
object has possible changes in future decision. For example, if a company has pliant strategies in R&D
stage, producing stage or commercializing stage, ROA has a great power by the feasibility of
considering such pliancy.

The identification of movement of underlying is the most fundamental factor to get the exact value
through ROA. Both analytical and numerical approaches in ROA define the identification of
underlying asset as the first step. However, in spite of many applications of ROA in practical issues,
those studies have limitation caused by misidentified stochastic process of the value of underlying
asset. From the viewpoint of important identification issues related to the valuation of technology,
company or industry, the examination of several estimation of stochastic process which correctly

expresses the movement of underlying asset deserves special emphasis.

2.2. Stochastic process

Stochastic process is expressed by the following continuous and differential equation.

ax, = p(X,,1)dt+o(X,,1)dz, @1

p(X ,,t) represents the drift and O'(X,,t) for diffusion trends. X, is a variable in interest,

specially the value of underlying asset of ROA in this paper. Z, is a Brownian motion whose

differences follow Normal distribution. It can be rewritten as equation (2.2) in the case of

homogeneous in time form.
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dX,

. =u(X,)dt+o(X,)dZ, (22)
Under this stochastic process modeling, many studies have been done to identify the appropriate

model by setting the linear drift term and non-linear diffusion term like equation (2.3)

dX, =(a+pBX,)dt+o X/ dZ,. (23)

This equation shows the property of mean reverting towards the long run mean - &/ fand the speed
of the reversion - #. The y gives the information of level effect that how the movement of process
depends on the value of variable X itself.

Many researchers like Merton (1973), Vasicek (1977), Cox, Ingersoll and Ross (CIRSR) (1985),
Dothan (1978), Black and Scholes (1973), Brennan and Schwartz (BS) (1980), and Cox (1975)
proposed various types of models with restrictions on equation (2.3). Table 1 presents theirs models

and its parameter restrictions according to the order of elasticity of variance? (CKLS,1992.)

Table 1 Various models of stochastic process

Model K| 2 L 3

Merton(1973) dX, =adt+odZ, 0 0

Vasicek(1977) dX,=(a+ pX,)dt+o0dZ, 0
CIRSR(1985) | dX,=(a + fX,)dt+0X,"*dZ, 12

Dothan(1978) dX, =0 X dZ, 010 i

GBM(1973) dX, = pX,dt+oX,dZ, 0 1

BS(1980) dX,=(a+fpX)dt+0X,dZ, 1
CIR VR(1980) dX,=oXdz, 0o 3n

CEV(1975) dX,=pX dt+oXdZ, 0

Note: Various models are listed with the information of restrictions imposed by each model. The unrestricted model is as

follows.

dX, =(a+pX,)dt +cX]dZ,

o (x,)
IhX

f
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2.3. Estimation method of Stochastic process

Parameters of the models summarized in Table 1 can be estimated by various estimation methods.

Though respective researchers have studied the estimation of particular model, there has been aroused

the necessary of choosing the best explanatory model and estimating parameters of that model. In this

respect the former studies of CKLS and Nowman (1997) which dealt with comparison between several

alternative stochastic models bear great significance.

2.3.1. Generalized Method of Moments (GMM)®

CKLS used the technique of GMM of Hansen (1982). To implement the discretely observed data

in continuous stochastic process, they set a discrete-time econometric specification.

Xa—X, =a+pX +&, 2.9

Eleal=0 , Bt ]=o?x¥ @3)
These specifications make the expectation of following equation set to be zero*.

&

EmX, (2.6)
f,(9)= 8:2+1"°'2X12r

(Eizﬂ —UZXIZI)Xr

where @ is the parameter vector with @, 8,062,7 .

To implement GMM, one should compose sample expectation of f,(9) , say Gp (9) with T

observation®.

The estimated parameters are the values that minimize the next quadratic equation (2.7)%.

¥ CKLS (1992)
* These become the null hypothesis of GMM procedure.
* As the number of samples increases, sample expectation can satisfy the condition of £[ £, (6)] = 0.
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J(6)= G (6, (0)G,(6) @7

where W, (0) is positive definite weighting matrix.

After estimating parameters, though the GMM, one can figure the appropriateness of each model
using the value of J; (9) That is, every restricted model has different value of J; (9) and the degree
of its closeness to that of unrestricted model can be a criterion to identify the explanatory power of
each model”. Since GMM allows the parameter estimation without considering different distribution
of each model and gives the information of goodness of fit to real data, it is very useful. However, it

nests some restriction on the requirement of stationary of data and causes aggregation bias.

2.3.2. Gaussian Estimation by Nowman®
Nowman tried to apply Gaussian estimation to various stochastic models listed in Table 1 and

compare the results with the study of CKLS. The main limitation of applying Gaussian estimation on
various models is the non-Gaussian distribution of models with conditional heteroscedasticityg.
However, the Gaussian estimation method of Bergstrom (1984) can overcome this limitation.
Furthermore the difficulty of applying Gaussian estimation caused by non-constant conditional
volatility' is also released by Nowman.

The stochastic process equation (2.3) can be modified when applying constant volatility in unit

period.

dx, =(a+px )t +o(X, Y dz 2.8)

where t —1 is the largest integer less than .

As Bergstrom (1984) provides, the process of X, can be given by

¢ It assures G, (0) approaches f (9) .The parameters can be obtained simply by differentiating equation (2.8).

? Jr 99 of unrestricted model is zero because the number of parameters to be estimated and that of moments are the same.

The minimized value of . = follows _2with degree of freedom (number of moments —number of parameters to be
estimated) under the null ﬁyé)gathcsis of tift model s true.

¥ Nowman (1997)

° The changes of X in CIRSR model are proportional to a non-central _?variate.

' While the Gaussian estimation method developed by Bergstrom assume? the constant volatility, the general model of
stochastic process equation (2.3) allows the level effect caused by Y .
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X =X +%(ef -1 +n 2.9
t 1-1 ﬂ t

. o’
where E(r}sry, ) =0 and E(nf) = f_lez(' Y2 (X,_1 )27 dr = ﬁ(e” —1)(X,_] )Zy =m.

To get the estimation of parameters, MLE can be used because the above discussion assumes

Gaussian estimation. Log likelihood function is defined as follows.

{X, -eﬂX(t-l)—%(eﬂ —-1)}2 )

2
o

L(g)= i ~Inm, - (2.10)
1=

2m

where @ is the parameter vector with a, 8,0%,7 .

The goodness of fit can be also obtained by comparing the value of likelihood function. The
Gaussian estimation approached by Nowman makes the MLE possible with theoretical grounds.

However, it has a limit that the process is not an exact Gaussian but an approximate Gaussian one.

2.3.3. Gaussian Estimation by Yu-Phillips'

In the study of Yu-Phillips an exact discrete model with Gaussian errors is proposed. The model is
possible through exploiting the martingale property and using time-change technique.

Yu-Phillips have their result from the DDS theorem " that after suitable time change, any
continuous time martingale can be expressed as a Brownian motion. Since the changes of Brownian
motion follow a normal distribution, they have closer Gaussian estimation approach.

The general stochastic process equation (2.3) can be express like equation (2.11) with given initial

value.
a o "
X, =(X0 +-E]eﬁ' gt Ieﬂ(' Jox7dz, @.11)

Also forany 4 >0

' In Nowman(1997), L(H) is defined as multiplying by -2 to equation (2.12). However this difference doesn’t affect the

result of estimation.
2 Yy, J. and Peter C.B. Phillips (2001)
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Xy = %(eﬁh "1)‘1‘ eﬂkXt * Ko'eﬁ(h'r)Xt};rdZt : 2.12)

Let the third term of right hand side of equation (2.12) be M, with a continuous martingale

variation

[M], =62 f eI x ¥ dr (2.13)
To express M, as a Brownian motion, the sequence of positive number (h , )should be generated.

h, =infls|[M ] 2a}= inf{r lo? [ o)X dr > a} 2.14)
After generating (h : ), time sequence also should be modified as #,,, =¢, +/,,, " witht, =0.

Now equation (2.12) can be written by

a

X’)e) ﬁ
where M, follows N ~ (0,a).

e —1)+ e x, + M, @.15)

The advantage of Gaussian error of equation (2.15) is that the exact MLE can be applied. Log

likelihood function is defined as follows.

2
{le —eﬂhm Xl; _%(eﬁ’l“ -1)}
2.16)

2a

T
16)=Y -%Ina—
1=

where O is the parameter vector with «, ,6’,0'2, y.

In the case of practical data with discrete observation, 4, is obtained by following formula.

3 Dambis, Durbins-Schwarz Theorem
¥ By this new time sequence of different interval, the model does not have equi-spaced observation, This is somewhat

-229-



h, = Amin{s DR ¢ s 2 a} (2.17)

. . 2 . .
where ais recommended to be an estimated o> in Vasicek model®®.

3. SIMULATION

The section deals with the issues of the identification of preferred estimation methods based on
simulation.
Sample paths for the Vasicek model and CIRSR model are generated 1000 times. The various data
frequencies are applied to ensure the validity of the conclusion. That is, data are generated daily
(dt=1/240), monthly (dt=1/12), quarterly (dt=1/4) and semi annually (dt=1/2). These frequencies are
somewhat different from other studies dealing with financial asset movement'®. It is because the
underlying asset in ROA is usually a daily stock price or quarterly/semi annual total sales. Table 2 and
Table 3 show the parameter settings. The parameters in drift term and diffusion term are determined in
consideration of real data.'”. All the sample paths are estimated under GMM and MLE proposed by
Nowman and Yu-Phillips'®. However, since there is no difference between the methods by Nowman

and Yu-Phillips in Vasicek model, the Yu-Phillips’ estimations under Vasicek model were deleted.

. _ R model Daily 3 12 15 400 17250
able 2 Parameter set in CIRSR mode Monthly 15 2 09 180 112
Quarterly 18 -08 02 60 14

e p o N d Semi-anmually | 225 -05 11 30 12

different from Nowman'’s unit interval period to implement constant volatility.

5 In Yu-Phillips paper, d is recommended to be a variance of residuals in Vasicek model. This inconsistence will be
discussed in Section 3.

16 Usually in financial study, daily, weekly, monthly frequencies are examined.

17 The parameter set in daily data is determined according to the construction industry stock index from January 1990 to
November 2003. In the case of monthly, quarterly and semi annual data, the parameter set puts its ground on real sales of
overall manufacturing industry in Korea from 1990 to 2002.

18 The program coding is done by GAUSS. Every code to estimate parameters via various methods and evaluate time
changes in the paper of Yu-Phillips is obtainable through personal contact.
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Note: N is the number of data generated. Daily 135 -0.5 1.7 400 1/250
Monthly 3 -4 2 180 1/12
Table 3 Parameter set in Vasicek model Quarterly 18 -08 2 60 1/4
Semi-annually | 2.25 -0.5 2 30 1/2

]a o N dt

B

Note: N is the number of data generated

Table 5 Comparison between various estimation methods
in CIRSR model for monthly data

Table 4 Comparison between various estimation methods
in CIRSR model for daily data

GMM GMM

a B c a B o
Est. 2.85175237 | -1.5069788" 1.4949727 Est. 1.6052185" | -2.1707836' | 0.8286076
Std. 0.9698243 0.6268197 0.0564524 Std. 0.3990201 0.5764454 0.0488325
RMSE | 0.9811007 0.6980209 0.0566760 RMSE | 04126731 0.6012367 0.0865250

Nowman Nowman

¢ B o a B I
Est. 11.2547748 | -4.6520937 1.5063038" Est. 1.7188984 | -2.3272601 0.9237539°
Std. 8.3514642 3.1180155 0.0540790 Std. 0.4377897 0.6428898 0.0566266
RMSE | 11.7454872 | 4.6530528 0.0544456 RMSE | 0.4895143 0.7214664 0.0614116

Yu-Phillips Yu-Phillips

o B g a B o
Est. 11.1715431 | -4.6219349 1.5063038 Est. 1.3127430 | -1.7958332 0.9237539
Std. 8.1707739 3.0931630 0.0540790 Std. 0.5848251 0.8670364 0.0566266
RMSE | 11.5586549 | 4.6140023 0.0544456 RMSE | 0.6141015 0.8907737 0.0614116

Note:! the most appropriate estimation Note:! the most appropriate estimation
. . . Std. 1.2141842 0.5483682 0.0230556
Table 6 Comparison between various estimation methods RMSE | 12218555 0.5519660 0.0239071

in CIRSR model for quarterly data

Note:} the most appropriate estimation

Table 7 Comparison between various estimation methods

in CIRSR model for semi-annual data

GMM

a ﬁ o
Est. 1.7833787" | -0.7929687" | 0.1807378
Std. 0.4672312 0.2043860 0.0172188
RMSE | 0.4675271 0.2045070 0.0258435

Nowman

a ﬂ o
Est. 2.6082598 -1.1589613 0.2063206'
Std. 1.2322800 0.5474891 0.0230556
RMSE | 1.4739239 0.6547721 0.0239071

Yu-Phillips

[24 ﬂ o

Est. 19366349 | -0.8628876 0.2063206

GMM

[24 ﬂ o
Est. 3.1879194" | -0.7168177' | 0.8773523
Std. 1.5164470 | 03185735 | 0.3352157
RMSE | 1.7833073 | 03854167 | 0.4024813

Nowman

[04 ’B o

Est. 4.1205324 | -0.9377604 | 1.17680017
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Std. 3.0452879 0.7134045 0.2163613 Est. 3.2345506 | -0.7474071 1.1768001
RMSE | 3.5743772 0.8371212 0.2296005 Std. 3.1619095 0.7682879 0.2163613
Yu-Phillips RMSE | 3.3117944 0.8071789 0.2296005

¢ l 'B ] i Note:" the most appropriate estimation

Additionally Ait-Shahalia’s Hermite approach was applied to the simulation; however, it shows too many

divergences to implement in practical use. In the view of the focus of this paper to show practical application

of identifying diffusion process, the method is not likely to be accepted until the diverging property is greatly

reduced'®. Table 4 through Table 7 show the estimation results of the generated data set of CIRSR model.

Table 8 Comparison between various estimation methods

in Vasicek model for the daily data

GMM

a /] c
Est. 1.5719180" | -0.9738015" 1.6930443
Std. 1.6373026 1.0835904 0.0608466
RMSE | 1.6522884 1.1827429 0.0612432

Nowman

a ﬂ [e3
Est. 2.3282335 | -3.2106321 1.6993587
Std. 3.8605026 2.7712415 0.0594981
RMSE | 3.9826347 3.8774554 0.0595015

Note:! the most appropriate estimation

Table 9 Comparison between various estimation methods

in Vasicek model for the monthly data

GMM
a /5' [}
Est. 2.67306907 | -3.5600843T | 2.67306907
Std. 0.5826352 | 0.5423444 | 0.5826352
RMSE | 0.6681726 | 0.6984676 | 0.6681726
Nowman
a ﬂ o
Est. 3.1879587 | -4.2486753 | 2.0078193
Std. 0.7638333 | 0.7859561 | 0.1180238
RMSE | 0.7866417 | 0.8243957 | 0.1182828

Note:} the most appropriate estimation

Table 10 Comparison between various estimation

methods in Vasicek model for the quarterly data

GMM
a B o3
Est. 2.0131564" | -0.9398867" | 1.7781186
Std. 0.8774934 | 0.3448623 | 0.1700120
RMSE | 0.9030370 | 03721799 | 0.2796153
Nowman
a ﬂ o
Est. 2.3451429 | -1.0990035 | 2.0265785'
Std. 1.1462396 | 04818096 | 02118679
RMSE | 12693871 | 0.5671270 | 0.2135302

Note:! the most appropriate estimation

Table 11 Comparison between various estimation

methods in Vasicek model for the semi-annual data

GMM
a ﬂ a
Est. 2.5910976' | -0.6088688' | 1.5811825
Std. 1.0086171 | 0.2446731 | 0.6338895
RMSE | 1.0647875 | 0.2678231 | 0.7598681
Nowman
a J] o
Est. 3.2232323 | -0.7656212 | 2.0166085
Std. 1.6527522 | 0.4372786 | 0.3140816
RMSE | 1.9182594 | 0.5117009 | 0.3145209

Note:! the most appropriate estimation

'° This diverging property is also mentioned in Lee (2001). In his paper, the modification of raw data should be implemented before
applying Ait -Sahalia’s approach especially in the case of monthly and quarterly data. Considering the frequencies of sales as
underlying asset in ROA are likely to over quarter, this estimation method is undesirable to practical application.
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The CIRSR process encompasses adjusted level effect by setting 7 as 0.5. The original value of parameters
used to generate data, estimated parameters, bias, standard deviation and RMSE is provided according to the
estimation methods. As pointed above, the non-zero value of y indicates that the equation (2.17) to obtain
A can affect the time change. Therefore, unlike Vasicek model, three estimation methods are used to
implement simulation. The results show that the performance of the estimation of drift term by GMM is
better than that of MLE. On the other hand, diffusion term is estimated better by MLE. Notice that
estimations of the diffusion term in Nowman’s and Yu-Phillips” method are identical.

Table 8 through Table 11 give the estimation results of the generated data set of Vasicek model.
Apparently, while the RMSE of & and f is very competitive in the result of GMM, that of o is superior
in Nowman’s method.

As the results from Table 4 to Table 11 present, performance of estimation on drift term is much better in

GMM. On the other hand, diffusion term is estimated more correctly by the MLE suggested by Nowman.

Table 12 Comparison on parameter set

(24 ﬂ o N
Yu-Phillips 0.72 -0.12 0.6 500
This paper 0.72 -0.12 0.6 180

Here, we can find some different results from Yu-Phillips' paper. According to Yu-Phillips (2001), his
exact Gaussian estimation improves the estimation of drift term. However, it is more sensitive to the data
whether it really gives improved estimation or not. We can confirm this fact by the simulation under given
parameter by Yu-Phillips and different parameter set in this paper provided in Table12. In Table 13 and
Table 14, CIRSR model was used to compare and the best estimation values are provided. As the value
shows, changing the number of data brought diffcrent outcome®. As given parameter data set, the same
result as in the paper of Yu-Phillips has drawn (see Table 13) but sometimes, though it is not an overall
trend, using different data with other parameter set shows Nowman's estimation is superior to Yu-Phillips'
(see Table 14.) There is another point that should be considered in choosing "a " in equation (2.18).
According to his paper, to use the residual's variance in the Vasicek model is recommended. However, this
recommendation does not work in the simulation. Rather, using the variance of diffusion term in Vasicek
12!

model™ itself makes time changes significant and finally improves estimation of parameters.

i Th? re-examination of the method of Yu-Phillips was also conducted by Kawat & Maekawa(2003). However, their focus on
changing volatility with the same sample size is the difference from this paper.

™ In Vasicek model dX, = (a + BX,)dt + odZ,, the variance of residual is o3ds. The recommended value of @ is o
notg .
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As the simulation results, the estimation of drift term should follow GMM and that of diffusion go with
Nowman. This conclusion is obtained from sample data based on real daily industry index and real sales.

Therefore this conclusion of section 3 still holds in examining empirical study in section 4.

Table 13 Comparison of MLE estimations with the data Table 14 Comparison of MLE estimations with the data

of Yu-Phillips suggested in this paper
Nowman Nowman

o V] o a B g
Est. 13913977 | -0.2435318 | 0.6015933 Est. 2.9112050" | -0.4882104 | 0.6056261
Std. 0.8126718 | 0.1394106 | 0.0195246 Std. 2.1811846 | 0.3260994 | 0.0338495
RMSE | 1.0543536 | 0.1863081 | 0.0195895 RMSE | 3.0925316 | 0.4919913 | 0.0343143

Yu-Phillips Yu-Phillips

121 b o a B o
Est. 1.1331829" | -0.2075963" | 0.6015933 Est. 29249242 | -0.4894633 | 0.6056261
Std. 0.7078243 | 0.1439729 | 0.0195246 Std. 2.1968662 | 0.3266038 | 0.0338495
RMSE | 0.8196989 | 0.1685497 | 0.0195895 RMSE | 3.1133227 | 0.4932645 | 0.0343143

Note:! the estimation value shows better performance

Note:! the estimation value shows better performance

4. EMPIRICAL STUDIES

The main purpose of this section is to identify the significant stochastic models and parameters in practical
underlying asset in ROA. In spite of the importance of technology and company valuation within every
industry group, most work has been done without great consideration on the movement of underlying asset.
However, to give exact valuation and optimal investment timing, the appropriate stochastic model with
reliable parameters should describe the movement of underlying asset. In the first sector of this section the
best stochastic model and its estimations of parameters of each industry are provided as a form of table and
we call it as an industrial parametric table. The table is worth to study because it gives us much information
which greatly improves the valuation of industry. The exact value of industry and appropriate information of
investment timing is very important to frame, adopt, change and carry out the policy. Since the provided
tables show the movement of overall industries in Korea, one can easily draw the valuation of each industry
and it helps establishing national policy. To be more competitive country, Korea has to develop possible area
of industry on time based on selection and concentration and the table gives clue to make a selection. The
industrial parametric table has its meaning in not only the national level but also private level. Even though

the table is made of overall data of each industry, a private company within an industry group can refer to the

-234 -



result of table and it will be a good benchmark to devise a plan for a company. It is because the performance
of individual company is closely related to the performance of the industry group it belongs. However to get
more reliable and realistic information of certain companies, some company groups specialized in certain

interest area are studied in the second part of empirical study for examples.

4.1. Empirical study 1

4.1.1. The Data
The data used in this study are the semi-annual sales and the daily industry stock index of each industry

group. The semi-annual sales obtained from Company Information TS2000% are semi-annually covering the
period from 1990 to 2002%* with 38 industry divisions. Daily industry indices used in this paper are obtained
from Korea Stock Exchange and covering the period from January 1999 to November 2003%. The
classification of industry group provided by Korea Listed Company Association (KLCA) and KSE®* are
shown in Table 15.

In the case of semi-annual sales, since the value of raw data itself is very large, normalization is applied to
make the data unit concisely®. It can probably bias the estimated result; however obtaining the estimation of
raw data is quite simple. If the raw data X, is normalized by factor p, then the estimation is applied to

Y, = pX,. Then the estimated parameter set of X, is obtained by converting that of ¥, as*’

2 Company Information TS 2000 is run by Korea Listed Company Association (KLCA) which provides financial and business
statements of each listed companies in Kospi and Kosdag.

B The number of data is different according to the division but to ensure the validity of the estimation, some industry groups which
have less than 20 observations were deleted and it reduces the number of examined industry group to 33. All industry groups
examined by semi-annual data have 26 observations. There exists a lot more annual information of each company; however, the semi
annual information is limited from 1990.

* To remove the huge impact of financial crisis in the late 1990, the data is collected from 1999.

% Korean version of Table 15 is provided in Appendix 1.

% Normalizing is preferred because it gives more memories to computer which enables efficient estimation.

2 Jeong (2003)
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where parameters with prime is of X,.

The drift term and elasticity of variance doesn’t change though normalizing is applied®®.

Table 15 Industry Groups

KLCA KSE KLCA KSE
Manufacture of Coke, Refined Manufacture of Medical, Precision and R ..
Petroleum Products and Nuclear Fuel Optical Instruments, Watches and ng;‘;iles %Mi’éec;smn
{Coke) Clocks(medical) P
Manufacture of Chemicals and | Chemicals Medical
Chemical Products(chemicals) Supplies (Med_s)
Manufacture of Rubber and Plastic Manufacture of Other Non-metallic { Non-metallic
Products(rubber) Mineral Products (non-metal) Minerals (Non_metal)
Post and Telecommunications (com) Communication (Com) || Manufacture of Pulp, Paper and Paper P
- p aper & Wood
General Construction (construct) Construction Products (pulp)
(Construct) Hotels and Restaurants (hotel) Services

Sale of Motor Vehicles and Motion Picture, Broadcasting and
Motorcycles;  Retail  Sale  of Performing Arts Industries (m _pic)
Automotive Fuel(auto_fuel) Manufacture of Textiles, Except Sewn | Textile &
Wholesale Trade and Commission Distribution Wearing apparel (textile) Apparel (Textile)
Trade, Except of Motor Vehicles and Manufacture of Sewn Wearing Apparel
Motorcycles(wholesale) and Fur Articles (apparel)
Retail Trade, Except Motor Vehicles Land Transport ; Transport Via

Transport &

and Motorcycles (retail)

Pipelines (land t)

Manufacture of Computers and Office
Machinery(comput)

Manufacture of Electrical Machinery
and Apparatuseses n.e.c.(elec_m)

Electrical & Electronic

Air Transport (air_t)

Storage(Trans_s)

Manufacture of Motor Vehicles,
Trailers and Semitrailers (m_trail)

Manufacture of Other Transport

Transport
Equipment(Trans_e)

Manufacture of Electronic | Equipment (Electric) Equipment (other t)
Components, Radio, Television and Tanning and Dressing of Leather,
Communication  Equipment  and Manufacture of Luggage and Footwear
Apparatuses (component) (leather)
Electricity, Gas, Steam and Hot Water | Electricity & || Publishing, Printing and Reproduction
Supply(elec_gas) Gas (Elec_gas) of Recorded Media (publish)
Finance Manufacture of Furniture;
Manufacture of Food Products and | Food & |} Manufacturing of Articles n.e.c.
Beverages(food) Beverages (Food) (furniture)
Manufacture of Basic Metals(basic m) | Iron & Metals Mining of Metal Ores (metal)
Manufacture of Fabricated Metal Mining of Coal, Crude Petroleum and
Products, Except Machinery and Natural Gas, Uranium and Thorium
Furniture (fabric_m) Machinery Ores(coal)

Manufacture of Other Machinery and
Equipment(other_m)

Fishing

Note: The words in parentheses at the end of each industry group are the abbreviation that will be used throughout the rest of the

paper.

* Finance group by KSE includes “Bank” and “Insutance.”

4.1.2. Industrial Parametric Table

To have a reliable parametric table, now the problem is narrowed to the issue of choosing best model

among the alternative stochastic processes. As indicated in Table 1, there are 8 stochastic models well known

% In addition, though the values of likelihood functions changes as normalizing, the order of that values between alternative models
do not change. Hence the order of goodness- to-fit also remains same regardless of normalizing.
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and each model has been used to describe the movement of underlying asset numerically or analytically. To
choose the best model, CKLS suggested very powerful way that enables us to compare the explanatory
power of models under Chi-square statistics and Nowman also gave the way to choose the competitive
model according to the value of log likelihood function.

The matter of choosing the best model in CKLS and Nowman are different problem from this paper since
their comparison is done within the only one estimation method; either GMM or MLE. However, in this
paper, one should select best model within both GMM and MLE. Therefore other approach should be
implemented. According to the ROA, the movement of underlying asset is very important and especially the
value of diffusion term has much more significant than drift term. We can confirm this by the Girsanov
Theorem which provides the general transform framework from one probability measure to another.
According to the theorem, the stochastic process with drift and diffusion term can be transformed to another
stochastic process with diffusion term only by changing of probability measure®. Moreover, the well-known
option pricing method, Black-Scholes formulas, also only employs volatility in stochastic model. Therefore
the volatility in diffusion term has much more useful information to have option value than drift term and in
this respect, the volatility can be a reasonable criterion to select the best model. The way to compare between
models within MLE is likelihood ratio test which select the model of the nearest maximum of likelihood to
that of unrestricted model.

However, one should not have the confidence on drift term because Nowman’s method cannot ensure
good performance of the estimation of drift term®. Therefore it is recommended that the drift term be
improved by GMM. However, one should keep in mind that the data should follow the stationary process in
order to apply GMM?'. If this property is not assured, the result of parameter estimation of Nowman can be
adopted. Four industry groups show non-stationary in semi-annul data®® and all industry groups are
stationary in daily industry indices and this result is assured by unit root test. Also even though the maximum
of likelihood of certain model is closest to that of unrestricted model, t-statistics of ¥ in unrestricted model

should be examined before fixing the model as the best. The selected stochastic process model and the

Table 16 Parametric Table: Selected model and estimated parameters

Industry ;
(selected model) a ﬁ o v t-value
coke 0.079412 1.06043
(CEV) 0 0042291 742088)  (5.48292) 7816

* For example, by applying Girsanov theorem, stochastic process dX, = udt+odZ . is transformed to

dX,=dZ, . with the change of probability measure.
;‘]’ It is.also examined in_ t!le short term interest rates studying done by Nowman (1997).
Stationary and ergodicity are the assumption in GMM.
3 Those are “ Retail Trade, Except Motor Vehicles and Motorcycles” , “Motion Picture, Broadcasting and Performing Arts
Industries” , “ Manufacture of Sewn Wearing Apparel and Fur Articles” and * Manufacture of Motor Vehicles, Trailers and
Semitrailers.”
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chemicals 2.305E-11 2.46227
(CEV) 0 0046781 0537282  (4.37967) 11.88
Tubber™ 0719982 0.081837 151.089 n o
(CIRSR) (0.019658)  (3.90153)  (1508.72) :
com . oo362a0 0166993 114478 92
(CEV) (1.81452)  (10.7133)
f{’,::g:g 134982 0.024650 (315372;’;’3) 0 0.167
auto_fuel 0.294010 1.02324
(CEV) 0 0114032 (100143)  (4.87759) 7.979
wholesale 222.700 0.591796
(CEV) 0 0.032962 (4610735  (1204.90) 3671
retail” 0720110 0.172534 497952 o o
(Vasicek) (0.021978)  (4.81268)  (4958093) :
comput™ 0.719925  0.109002 558.930 7 oal
(CIRSR) 0.031072)  (0.981028)  (5378.16) :
&;‘izg;() 1.35020 0.040871 (;’ﬁ%g) 0 1.901
component 0.000047 1.655488
(CEV) 0 0124879 0749702)  (4.63073) 8354
elec_gas 0.000005 1.66845
(CEV) 0 0.123048 ) 4g1806)  (4.01419) 701
food 0.000020  1.565516
(CEV) 0 0.069032  0427220)  (3.45782) 3769
basic_m 0.043410 1.05452
(CEV) 0 0.062392  \,'446606)  (3.55325) 4.339
Tabric_m 0.037647  1.086800
(CEV) 0 0061246 (5sgs5188)  (4.85638) 8.467
(‘{2‘;’&‘,’(’) 1.35107 0.026986 &9 ’5@2) 0 1.233
medical 2499.59 0.365834
(CEV) 0 0.105678 (1 53180)  (23805.3) 3.510
non-metal 0.013171 1.176324
(CEV) 0 0.021363 412717 (3.03923) 3199
pulp 0.055668  1.092667
(CEV) 0 0042690 (5633570)  (4.35119) 3901
hotel™” 0719993 0.099177 43.8343 s .
(CIRSR) (0.019655)  (4.09199)  (419.701) :
m pic’ 0719773 0.044745 1628.63 0 0564
(Vasicek) 0.018221)  (0.29691)  (15236.1) :
(\‘,:i‘;':k) 135032 -0.147505 (5’3225%1251) 0 1.204
apparel 0.719996 -0.094464 483993 0 0.581
(Vasicek) (0.019658)  (0.83977)  (466417) :
Tand ™ 0.719927  0.1239858 507223 i 318
(CIRSR) 0.017024)  (2.38598)  (5028.03) :
air ¢ 0946142 0.865591
(CEV) 0 0.095268  (h'4g7463)  (0.198097) 3.634
m_trail’ 0 0.162160 6.22494 0.779637 3,794
EV) (4.73565)  (1.84540)  (5.93161) :
other € 359.745 0.586972
(CEV) 0 0052166 937413)  (6187.73) 10.52
Teather 0720210 0013217 349.764 i oo
(CIRSR) (©.017005)  (0.11809)  (3367.80) :
publish 1.34963 0.049186 89450.8 0 1578
(Vasicek) (13.4954)
fumniture 1349647  0.035153 209878 0 0.655
(Vasicek) (13.4955)
(v‘::i‘c“ﬂc‘k) 154096 5061251 (zliigzg) 0 0.549
coal 0.012389 1.40348
(CEV) 0 02410966 () 578325)  (2.65049) 4.022
fishing 267231
R 135064 0ssis19 BN 0 0.383

Note: Stochastic process models of 33 industry groups are examined through semi-annual sales with t-statistics in parenthesis. The
name of industry follows the abbreviation listed in Table 15.
* Industry with non-stationary data at 1% confidence level.
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** Industry diverging in GMM.
The t-value of ¥ under null hypothesis of } is significantly different from zero.

Table 17 Parametric Table: Selected model and estimated parameters

(selelgtigsntzdel) ' B g 4 ol
B | 0 omn gmm TmE o
Chomeli |7y g OIS 12T
(gg) 0 -0.7254677 (07'?;‘212655 (i"/?,?ggg:) 3062
co(rgtsr)uct 50.63730  -0.8969336 ?3'212?557788) ! 3214
Diitclgigs,t)ion 0 -0.1189173 ?9029767706% (;iz.ng) 3034
Iz,?gvn)c 0 0.0479837 (1335338) ?1??385?13) 1650
E(l(e:?5 d\%a)\s 0 -0.1982684 (03.?20‘3/187314) (géggclsg;) 2ot
T
(E%os) 0 0.0059218 &9335167254%5) (1{224721505) 2264
In(s(;xéa\r;)cc 0 -0.0437645 éggégg% ((21;86499232567) 199
Iron( gEh\//I;tals 0 0.0215607 8‘23320 1%74881) (I 138(3112910(?) 1694
M(aélé{;\;ry 0 -0.1175668 332«52130;;%75) (119/9:1716599) 2556
Med p 0 09958294 TR (}8122‘;52) 2%
Ve s 0 000 e qaoson 0O
Tg?ﬁrg;? 580.6044  -0.8701011 (3&309522) ) 9.186
Pap?rc %\)’;’ood 0 -0.2912996 ? 1 ?212:7%9) (;53,332;2) 3654
S(ecrg{:;;s 0 -0.6815883 ?{3_25545(;564;9) (;';ggggg) 38
A T T
f&agif) s 0 -0.0612008 ?9'?978769494% (1{2}3597%5) 3096
I(‘g.g%) 3 0 0.0818249 (éégggg?) (02.?99868054’?) 17.36

Note: Stochastic process models of 20 industry groups are examined through daily industry indices with t-statistics in parenthesis.
The name of industry follows the abbreviation listed in Table 15.
i

'The t-value of 7 under null hypothesis of ¥ s significantly different from zero,

updated estimation on parameters in the case of semi-annual sales data and the daily industry stock indices
are shown as the parametric table in Table 16 and Table 17. The result is obtained after the t-test at 1%
confidence level on y is considered to select the best model. After updating the drift term by GMM, the

diffusion term is estimated again under MLE with the fixed drift term obtained by GMM™. Interestingly

** This procedure is desirable to get the more exact estimation of diffusion term. Actually after assigning updated drift term
parameters in Maximum likelihood Estimation alter the drift term and its t-statistics.
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most selected models are limited to CEV, Vasicek and CIRSR. Only one group of construction using daily
index shows BS process. That is, if the data has level effect, then the best model requires unrestricted y
rather than specified given value. The reason of frequent selection of CEV comes from the restriction
property of the model; only one restriction on the drift term, « . Similarly, among the models Merton and
Vasicek which have no level effect, Vasicek is freer from parameter restriction and that is why the model is
frequently chosen.

Specifically, for detailed study on the value of ¥, the results can be divided to four categories according to

the value of y .

Table 18 The division of Industry group in semi-annual Table 19 The division of Industry group in daily Industry

sales data index
Extentof y Industry Group Extentof y Industry Group
y<0.5 medical y<0.5
0.5< ¥ <1.0| rubber, wholesale, air_t, m_trail, other t, (5<% y <1.0] banks, electric, finance, insurance, med_s,
comput, hotel, land_t, leather trans_e, non-metal
1.0 coke, com, auto_fuel, basic_m, Lo< L5 chemicals, distribution, food, iron &
<
0sy<15 fabric_m, non-metal, pulp, coal Ysy<l. metals, machinery, med_p, paper & wood,
services, textile, trans_s, construct
1.5<y Chemicals, component, elec_gas, food, 1.5<y com, elec_gas

As seen in Table 18 for semi-annual sales data, cshows very low dependency to the level of semi-annual
sales itself while “Manufacture of Chemicals and Chemical Products (chemicals)”, “Electricity, Gas, Steam
and Hot Water Supply (elec_gas)”, “Manufacture of Electronic Components, Radio, Television and
Communication Equipment and Apparatuses (component)” and “Manufacture of Food Products and
Beverages(food)™ gives the high dependency to the level of semi-annual sales. Especially “Manufacture of
Chemicals and Chemical Products (chemicals)” has very sensitive level effect and we can interpret it as the
industry should keep its high sales as long as possible and the small reduction of its sales would affect whole
sales negatively. On the other hand, “Manufacture of Medical, Precision and Optical Instruments, Watches
and Clocks (medical)” group has low effect by the reduction of its sales. Also we cannot expect high return
from the industry with its short-term increase because of the low level effect by the factor of 0.366.

The industry groups by KSE examined by daily industry index are more likely to follow CEV process than
groups by KLCA examined by semi-annual sales. For the detailed discussion of level effect, the division
according to the value of y is provided in Table 19. Unlike the semi-annul sales data every industry

depends on its level of index by more than factor of 0.5. The most sensitive industry group to its daily index
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is “Electricity & Gas (elec_gas)”. It is likely to expect that the companies within this group are moving along
with other companies since the index represents the overall tendency of the industry. Apparently the
financial group of “Bank”, “Insurance” and “Finance” depends on its index by less than the factor of 1. It
means that the effect of overall finance companies is comparatively less dominant.

In the case of the absence of level effect, the process usually follows Vasicek model. It is noticeable that
any industry group does not follow GBM which is commonly assumed process in many application studies.

It gives us the lesson that emphasizes the importance of the exact identification on underlying asset.

4.2 Empirical study 2

In this section, rather than broad industry group provided by Korea Stock Exchange, alternative
classification is adopted. We examine two industry categories. One is specialized in the Internet service and
the other is focused on the mobile telecommunication service. The number of companies studied in the
Internet service category is three®. In the case of mobile telecommunication service category, the existing
three telecom companies are analyzed. To show the market movement of each category the daily stock index
is calculated independently™. The base date is October 29, 2002 of level 100 for the Internet service group
and September 21, 2000 for the mobile telecommunication service group. The studied period is from the
base date to November 28, 2003. The data descriptions of daily stock index are shown in Table 20 and Table

21. It assures the stationary property in index changes and satisfies the stationary assumption of GMM.

Table 20 Data Description of Intemet service group

Variable N Mean StdD > >, > >, > >¢ ADF
Y, 269 213.8 87.38 0992 0135 -0272 0.103 -0.093  0.132 0486
Y -Y.; | 268  -0.5802 9203  -0.004 0132  -0.140 -0.037 -0.129  0.003  -10.04

Note: Number of data (N), means, standard deviation (Std D), six autocorrelations (>) and ADF statistics of daily calculated stock

index and index changes of Internet service categories are provided.

Table 21 Data Description of mobile telecommunication service group

Variable | N Mean SWD  p, b, D3 04 s 06 ADF
Y, 783 97.10 1685 1.027 -0.077  -0.013 _ 0.039 0020  -0.018  -0.597
Y,-Y., | 782 0033 2615 0034 -0043  -0.055 -0015 -0013 -0.013  -20.25

Note: Number of data (N), means, standard deviation (Std D), six autocorrelations (>) and ADF statistics of daily calculated stock

index and index changes of mobile telecommunication categories are provided.

3 Though there is a list of other companies in the Internet service category, some companies were deleted because of poor
performance and too recent register.
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Table 22 shows the result of estimated parameters by MLE in each model in the Internet group. The best-
fitted model is colored dark according to the log likelihood test. Table 24 gives the revised estimated
parameters of the best stochastic model. The maximum of likelihood of CEV model is the nearest value to
that of unrestricted model and hence, CEV model is selqcted. It provides the evidence that the mean reverting
property is not observed and the level effect is valid in the Internet service group through gamma within 10%
up to one. The reason of positive parameter in drift term comes from prosper aspect of the industry. The
Internet group has developed various contents such as on-line game, avatar, Internet advertisement or
searching engines. Those attractive contents with loyal members® are relatively less affected by economic
stability and low marginal cost of such industry mainly contributes to the on-going development. Also
though the movement of underlying asset in the Internet group looks like unstable by disturbing diffuéion

term, the existence of drift term proves stable growth.

Table 22 Result of MLE estimation

a b c 4 Likelihood

p— N e
Merton (}fé%(l)i) 0 (1‘;2'52;‘;%) 0 0.004449
o |z ey o
o | S oS an 1y
Dothan 0 0 (03'?_22971175058) 1 0.0062713
o [ 0 e e
BS | Goome) @usossn oasesy | 00063445
CIRVR 0 0 8'3;‘2371321) 3 0.0058666
T | o amm ome I e

Note: Parameters of t he daily stock index of the Internet service category in each model are estimated by MLE by Nowman with t-

statistics in parenthesis.

Table 23 Result of MLE estimation

a p o Y Likelihood
. 2161715 -2306334 03500024 1039767
Unrestricted | ) 515860y (2.474541)  (0.7581306) (10.27934)  0-0578650
-8310282 4132216
Merton | 5029834) 0 (2311.037) 0 0.0540629

3 The calculation method is as same as the usual stock index calculation that uses the total market capitalization as weights.
3 1t is considerer that the Internet group has a large number of loyal members.
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s | AT e 0 v
CIRSR | Gidies  Gsssessy @ooosrsy V2 00568s62
Dothan 0 0 ?5";;?65132981) 1 0.0576253
v | o amem o oomon

EEE T
CIRVR 0 0 ?32‘1‘30993555) 32 0.0568399
CEV O oowman ©sieilse @sniton 00576309

Note: Parameters of t he daily stock index of mobile telecommunication service category in each model are estimated by MLE by

Nowman with t-statistics in parenthesis

Table 24 Parametric Table: Final revised result Table 25 Parametric Table: Final revised result
model CEV dX,=pXdt+ocX,/]dZ, model | BSdX, =(a+ pX,))dt+0cX,dZ,
parameters | @ p g 4 parameters a p log Y
0.4303914 1.071270 0.4187864
Est. 0 0.2851472 Est. 0.9825013 -0.1720961
s (4.503065)  (7.906888) (54.94999)

Table 23 shows the result of estimated parameters by MLE in each model in the mobile
telecommunication group. Table 25 gives the revised estimated parameters of the best stochastic model.
Based on the comparison between the maximum of likelihood in each model, BS model is chosen. This
model shows the evidence of the level effect whose elasticity of variance is 2. Also the index mean reverts
toward approximately 5.71 with relatively low reverting speed of 0.172 in this group. Unlike the Internet
group, mobile telecommunication service group has mean reverting property though both experience similar
level effect close to 1. This mean reverting results does not follow the common expectation of remarkable
growth in the industry. The reason why the best model describes the movement as mean reverting comes
from two aspects. First, the industry is already saturated and faces long run average growth. Second, the
industry meets the price regulations on telecommunication business and price reduction for consumers. Due
to the number portability policy launching 2004, the movement of underlying asset in each company would

be changed, however, overall movement is expected to move according to estimated results with its mean

reverting and level effect.
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5. CONCLUSION

In this paper, the parametric tables of industry groups are provided. These tables are made by the most
appropriate and practical estimation method. Based on theoretical understanding and the s-imulation results of
this paper, it can be concluded that the Gaussian estimation using MLE is very powerful to estimate o in
diffusion term while the performance of GMM on drift term is superior to that of MLE. The procedure of
choosing most preferred model is as follow. First, estimate parameters of each alternative model by the

Gaussian Estimation proposed by Nowman and select the model which has the most explanatory power

aécording to the maximum of likelihood and the t-test of » in unrestricted model. Second, when the data

reject the null hypothesis of unit root, GMM is applied to update drift term within the chosen model. Third,
setting the updated drift parameters as constant in Nowman’s procedure, obtain the diffusion term once again.
The final estimation of parameters is now ready for being put in parametric table.

Many broad industry groups provided by KLCA and KSE have tendency to follow CEV or Vasiek model.
In the case of specialized group, the Internet group follows CEV while the mobile telecommunication group

shows the BS movement.
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